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1 Producing Documents

We areblessedo live in atime whendocumentproductiontools, word processoranddraving programshave
becomeaccessibldo everyoneandrelatively easyto use. Thesedocumentprocessorsallow usto producedoc-
umentsrangingfrom shorttechnicalpapergo extensve textbooks,documentghatarethatarepleasanto view,
easyto read,andentirelyelectronic.

As recentlyasthe mid-80’s, we werestill usingrubbercementto pastefiguresinto documents.If they still
exist atall, thedocumentshemselesarenow falling apart:the hand-dravn diagramsareyellow, andfall off the
pagethatthey weremountedon.

In contrastan electronicdocumentdoesnot ageandcanbe revisedwith ease.Sectionsof it canbe cutand
pastedor usein otherdocumentsCopiesareclean:they arenot markedup with correctionsandrevisions. They
canbetransmittecklectronically Bestof all, in my opinion,thefiguresareincludedautomatically

1.1 DocumentProcessinglrools

In the UNIX world, XFig is oneof themostpopularandusedprogramgo producediagrams(Unfortunatelyit is
notavailableto rununderDOSor Windows). Othertoolsincludethe IATEX text processingprogram GNUPLOT
for generatinggraphsxdvi andghostviewfor viewing documentsandxv for manipulatingmages.This suiteof
programsamakesit possibleto producehigh quality documentshatcanbe printed(treewvare) or viewedon-screen.

1.2 Bitmap and Vector Drawing Programs

Therearebasicallytwo typesof drawing programsn this world: bitmapandvectorprograms.

Paint programs suchas XPaint, work with bitmaps which aregroupsof pixels. The drawing programlays
down and manipulatesndividual pixels in variousways. Paint programshave their uses,but it is difficult to
createand manipulatesymbols,andthey are generallynot suitablefor technicaldravings. On the otherhand,
paint programsare good at generatingifferentfill patternscreatingshapegsuchascurves),and complicated
shading.

Vectordrawing programswork with drawing elementssuchaslines, circlesandpolygons. Theseelements
may be groupedand manipulatedn variousways, suchasbeingmoved or sized. Vectordrawing programsare
well suitedfor technicalwork suchaselectronicschematicandmechanicatiagrams XFig is a vectordrawing
program,andit hassomepaint-progranfeatures.For example,it is possibleto fill areas.Unlike paintprograms
however, XFig hasa problemwith complex curves.

2 Applying XFig

The drawing programXFig canbe usedto createa wide variety of technicaldrawings. It's not difficult to learn
to useXFig, butit cantake awhile to learnto useit in aneffective andefficientmanner This reportassumeshat
you have learnedthe basicsof operatingthe program.It provideshints on varioustechniqueshatmay be useful
with the program. It is not intendedto be a comprehensie manualfor the program: that is the purposeof the
HTML pageswhich maybeviewedby ary browser andthe MAN entry,

3 Drawing Tools

Thedrawing tools of XFig areshowvn in figure 1.
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Figurel: XFig Drawing Tools

(XFig wasusedto createfigure 1. The procedurés describedn section10.)
Most of the drawing tool operationsarestraightforward, but herearesomemiscellaneousints on the useof
thevarioustools:

e TheSpline Curvesaretheonly availablemethodfor constructingsmoothcurves. The uppersplinepasses
throughthe two endpointsandapproximateshe otherenteredpoints. The lower splinepasseghroughall
thedrawn points.

e ThelLine is drawvn by specifyingthe startingpoint andsubsequenpointswith mousebutton1 andthe end
pointwith mousebutton2. A freehandine (andspline)maybedrawn by startingwith mousebutton 2.

¢ WhentheRegular Polygontool is selecteda parametebox appearsat the bottomof the screenallowing
oneto specifythenumberof verticesin thepolygon. By creatingapolygonwith n verticesandthendrawing



constructionlines from the centreof the polygonto the vertices,onecansubdvide a circle into n-1 equal
segments.Thisis usefulwhendraving somethindike a CompasdRose for example.

e The Arc is specifiedby markingthreepointswith mousebutton 1. Whena precisearc is required,it is
oftenusefulto first draw a circle with the desiredradiusandcentrepoint. Thenplacethe arc pointson the
circumferencef the circle asrequired anderasehecircle.

e Many parameterbecomeavailablewhentheText toolis selected A wide varietyof text fontsareavailable,
andthe text can be printed at various sizesand justifications. To edit text, you can use the Edit tool
(describedelow). Alternatively, choosehe Text drawing tool, click thecursoratthe point of thetext to be
modified,andtypein thedesiredtext.

e Theuseof the Picture Object tool is describedn section5 below.

e SelectingheLibrary tool popsupapanelfromwhichoneof severallibrariesof Fig objectsmaybeloaded.
After selectingoneof the objectsandpoppingdown the panel,you may placethe objecton the carvasone
or moretimesby pressingmousebutton 1 at eachlocation. The imageof the objectfollows the mouse
for placementase.Pressingnousebutton 2 while in this modepopsup thelibrary panelwhereyou may
selectanotherobjector library. Anotherusefulfeatureis thatbeforeplacinganobjecton the carvasit may
be rotatedclockwise 90 degreeshy pressing'r’, counterclockwiseby pressingl’, flipped vertically by
pressingV’, or flippedhorizontallyby pressingh’.

4 Editing Tools

Theeditingtoolsof XFig areshawvn in figure 2.
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Thesetoolsaredescribedn thefollowing sections:

4.1 Grouping

Oneof the mostusefulfunctionsin ary drawing programis the ability to specifya group of symbolsinto what
is calleda compound object. This effectively allows you to createary objectandthenmove it asa unit in the
drawing.

For example, an electronicsymbol consistsof an arrangemenbf circles andlines. Oncegroupedinto a
compoundthe symbolbecomes transistorandmaybe positionedyotated,or becomepartof alargersymbol.

Ondigital schematicsgroupingmayapplyto a bunchof gateshatperformsomefunction,suchasbufferson
adigital bus. They maybe groupedandmovedasan 8-bit buffer unit.

In XFig, symbolsaregroupedasfollows:

1. Selecthecompoundtool by clicking onit with mousebutton1. Thetool darkensto indicateit is selected.
At the sametime, handleqsquaresyvill appeaion eachsymbolof thedrawing.

2. Selecttheitemsoneat a time to be grouped by clicking on eachitem handlewith mousebutton1. The
handleof eachitem will darkenwhenit is selectedIf you changeyour mind, click on the samehandleto
unselecthatitem.

3. Whenreadyto make the compoundglick mousebutton3. Handlesof the selectedtemsdisappeaandnen
handlesappeaiat the cornersof the new compoundbject.

Often,it is fasterto groupawholebunchof thingsat once.Thisis doneasfollows:
1. Selecthecompoundtool by clicking onit with mousebutton 1.

2. Selectagroupof itemsby pressingnousebutton 2 anddragginga rectanglearoundthe groups.Whenthe
rectanglds positionedcorrectly, click mousebutton 2 again,andeverythingwithin the groupis selectedat
once.

3. Click mousebutton3. Handleswill thenappeaiatthe cornersof the new compoundobject.
Ungrouping(breaking)is mucheasier:

1. Selectthebreak compoundtool (mousebutton1).

2. Selectthecompoundo be’broken’ (mousebutton1). The handlesof theindividual objectsappear

3. Click onthehandleof thecompoundbjectto bebroken. It becomesndividual objectsandtheirindividual
handlesareshavn.

If you only wantto modify an objectin a compoundobjectbut don't wantto hasslewith ungroupingand
re-groupingt, the opencompoundtool is useful.

1. Selecttheopencompoundtool (mousebuttonl).

2. Selecthecompoundo be’broken’ (mousebutton1). All the otherobjectsonthe carvasdissappeagxcept
the compoundand the handlesof the individual objectsin that compoundappear Also, a popuppanel
appearsvith two buttons:‘Close This Compound’and‘Close All Compounds'.



3. After editing the objects(including addingnew objectsand deletingobjects)click on ‘Close This Com-
pound’to automaticallyre-groupthe objectsinto the compoundand make the other partsof the drawving
re-appearYou may repeatediyopencompoundbjectswithin othercompoundobjects.If you areinsidea
compoundhatis severallevelsdeepinsideothercompoundsthe‘Close All Compoundsbuttonwill close
themall upin onestep.

4.2 Scaling

In general] don't usethis tool very often. Whenyou areworking to a rectangulagrid (snap-to-griddrawing),
you expectvarioussymbolsto line up in a particularway. For example the baseof a transistorshouldalwaysbe
onagrid point. However, scalingsymbolsdestrgs thatsimplerelationship.

Thatsaid,the scalingcontrolis quite versatile:anobjectmaybe scaledhorizontally vertically or diagonally
Thelastmethodchangeshe sizeof the objectwithout changingts proportions.

4.3 Align

Thistool is usefulwhenyou wanta precisealignmentyertical or horizontal,andsnap-to-grids notanoption.

1. Grouptheobjectsto bealignedasdescribedn section4.1above.
2. Selectthe Align tool.

3. Fromthe Alignment Parameters at the bottomof the drawing area,selectthe type of alignmentdesired
(oneof six possiblities).

4. Click onthegroupandtheobjectsin it will bealignedasrequired.

Nifty.

4.4 Move, Add and Remove Vertex

Thesetoolsarevery useful. They canbe usedon mary of thedrawing objectsto modify the shapeof the object.
For example aline vertex maybemoved,aline maybebrokeninto additionalsectiongkinked),or aline maybe
reducedo fewer sggments(straightenedyvith thesetools.

Onecaution: whenaddinga vertex to a spline,the add point mustbe on animaginarystraightline between
two existing vertices,not on the splinetraceitself. This cantake awhile to figure outif you don't know what'’s
goingon....

45 Delete

SelectDeleteandthenclick on anobjectto erasat. If you make a mistale, Undo will bringthe objectback,but
keepin mindthatthereis only onelevel of undo. You canonly Undo thelatestaction.

To erasea groupof objects,selectDeleteandthenusethe middle mousebuttonto draga selectionrectangle
aroundthe objects.Click themiddle buttonagainandthe objectsareerased.



4.6 Update Parameter

This tool is not a must-usewhenyou arefirst learningXFig, but it canbe arealtime-saer later The Update
tool allows you to changean object’s propertieshy clicking on the object. As a consequencet is especially
usefulwhena large numberof objectsmustbe changed For example,you might decidethatevery text stringon
adrawing shouldbelarger. Onepossibletechniqués to Edit everytext string. However, Update is muchfaster

Hereshow it works: Whenyou selectthe Update function,the Update Parametersareshovn atthe bottom
of the screen.Unfortunately theres not enoughroomto shav themall, but the importantonesarethere. (You
may have to scroll it usingthescrollbarbelow it to seeall the parameters)Now, whenyou click on anobject,its
propertieswvill bechangedo the propertiesshavn in the Update Parameterslist.

Theresanothemway to do this, whichis quite useful:

1. Selectthe Updatetool

2. ChoosesomeobjectA thathasthe parametershatyou would like to copy to anotherbject. Click on that
objectwith mousebutton 2 insteadof button 1.

3. Theparametersf this objectarenow transferredo the Update Parametersdisplay

4. Now click ontheobjectB to beupdatedusingmousebutton1, andobjectB will acquirethe settingsof the
objectA.

Furthermoreandthis canbealife-saver, if you updatea compounddbjectsuchasanobjectwith severaltext
stringsincludedin it, everysubobijectin that container(in this case gvery text stringin thatobject)will acquire
thenew properties.

If you only wantto affect certainparametersf anobject,therearelittle redboxesin the uppetright corners
of the Update Parameters buttons. You canselectanddeselecthosesettingsthat you wantto usefor updating
objectsor the panelitself. In addition,you mayturn all the boxeson by pressinghe solid red buttonin the box
labelledUpdate Control which appear®n the left side of the Update Parameters panel. Thereis alsoa black
buttonwhich turnsoff all the updateboxesanda half red/halfblack buttonwhich togglesthe currentstateof the
updateboxes.

4.7 Edit

The Edit tool allows you to view or changethe propertiesof anobjectusinga dialog popup. The mostcommon
editsare

¢ alteringthe contentof a stringof text
e changingext justificationleft, right or center
e changingthe pointsizeof atext string

e enablingthe specialflag on a text sgmentso IATEX will processt asa specialsymbol. Don't forgetto
enclosethetext stringin $ signs,asrequiredby IATEX |, if thestringrepresenta mathsymbol.

e changingthewidth of aline sggment

e changinghe depth of anobjectsothatit is displayedabove or belov someotherobject. Objectsat level 0
areontop, highernumberedbjectsareatlower (possiblyhidden)levels.



4.8 Horizontal and Vertical Flips

Not muchto say: they work asad\ertized.In addition,for theseandthe rotationbuttons,pressingmousebutton
2 insteadof 1 will first make a copy of theobjectthenflip or rotateit.

4.9 Rotations

Again, pretty straightforward, but noticethattherotationanglecanbe changedn the ParameteDisplaylist.

4.10 Splineto/from Straight Line Segment/ Box to/from Ar c-Box

Thiswill corvertasplineto anordinaryline or aboxto anarc-boxandvice versa.

411 Add/RemoveArr owhead

Not only doesit work, but the algorithmis smartenoughto know which way thearron shouldpoint. Workswith
all typesof lines,too, not just straightones.To remove arrovheadsglick mousebutton 2.

5 Importing and Tracing: the Picture Object Tool

It is possibleto importa 'picture object’, suchasa bitmap(GIF, JPEG etc.) or adrawing or photograptthathas
beenscannedinto XFig. This maythenbescaledyotated,andincorporatednto thefinal draving. Formatssuch
asEPS,GIF, JPEG,TIFF, andothersaresupported.

| found this very usefulin the productionof a textbook. The authorhad produceda large numberof hand-
drawn chartsandgraphsthatwereto beincorporatednto thefinal text. UsingaflatbedscannepnaDOSsystem
at the university, | scannedeachof the imagesinto an epsfile. This wasaggraatedby frequentcrashesf the
DOS systemandthefiles hadto be scannedt low resolutionto fit ontoafloppy disk.

The quality of the scanwasunuseablén thefinal text: line widthswerevariableandtherewasalot of image
noise.l loadedeachepsimageinto XFig, tracedtheimage,andthendeletedhe epsimage.Theresultantracing
wasof a form thatcould be incorporatedirectly into the text, with the bonusthatit wasnot only of far higher
quality thanthe scan but alsoa muchsmallerfile size.

Tracingthe imagewasfacilitatedby the XFig undo feature. In the processof tracing, | would periodically
deletethe epsimageto comparethe tracingwith the original. Then,whenl knewv whathadto befixed, | would
undo thedeleteto restorethe epsimagefor furthertracing.

In anothercase, wishedto produceanannotategphotograph:a photograptcontainingdescriptve text with
pointersto differentareasof thephoto. Thisis easy:importthe photo,markit up with lines,arronvs andtext, and
thenexportor print it.

Theprocedurdor importinga pictureimagetakesseveral steps:

1. Ensurethatthe pictureimage(foo.epsfor example)is in aknown locationin thefile system.
2. Selectthepictur e object tool by clicking onit. Nothinghappengustyet.
3. UsingButton1 of themouse dragarectanglgary size,it doesnt matter)ontothedrawing carvas.

4. Click Button1 againto lock the sizeof therectangle A dialogbox appears.
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5. Type the file name(foo.eps)into the file selectorfield and click on Apply. The imageloadsinto the
rectangle.

6. Click ontheuseorig sizebuttonto establisitheepsimageatits original size,or entera percenof full-size
valueandclick the Scaleby % buttonandthenclick the Apply buttonagain. Theimageadjustsitself to
thecorrectsize.

7. Click on Doneto exit thedialogbox.
Thepictureimagecannow berotated movedandsizedasdesired.

6 Creating SchematicDrawings

Extremelycomplex electronicdiagramsmay be donewith easeusing XFig. I've movedaway from penciland
paper:oncel have aroughideaof the circuit, | draw it out using XFig andthenproceedio analyseandtestit
further. Pencildravingsnow seentoo slow anddifficult to change.

| have createdalibrary of schematicymbolsasonexfig drawing, calledsymbols.figwhichis shovnin figure
3. In version3.2.1of XFig with theadditionof the Library Tool, thesesymbolshave beenincorporatednto the
Electrical andLogic librariesto make it easyto createschematics.

You simply click onthe Library Tool buttonto popup the library panelandpull down the menuof current
librariesandchoosehe oneyouwant. Thisloadsthelibrary of objectsinto xfig wherethey appeain ascrollable
list. Singleclicking onanobjectwill makeits imageappeain the ObjectPreview window. Whenyou have found
the objectyou wantpressthe Seleciobjectbuttonto selectit andpopdown thelibrary panel.Doubleclicking on
theobjectnamewill selectit andpopdown the panelin onestep.

Now, asyou move the mouseover the carvasyou will seethe objectyou aredragging.If you needto rotate
it or flip it beforeplacingit, pressr’ to rotateit clockwise(right), ‘I' for counterclockwise(left), ‘h’ to flip it
horizontally or ‘v’ toflip it vertically.

Whenyou have it in the correctorientationand positionon the carvasclick mousebutton 1 to placeit. You
canplacethesameobjectoverandoveragain.

If you wantto selectanotherobjectfrom thelibrary, click mousebutton 2 andthe library panelwill popup
again.

As with all xfig operationsclicking mousebutton 3 cancelghelibrary operation.

BesidesusingtheLibrary Tool, therearevariouswaysto usepartsof existing figuresto createnew figures.

The MergeLoad

To merge anotherdrawing into your drawing without destrging the drawing, underthe File menu,choosethe
figureto memeandpresgheMergebutton. Thiswill memgethenew figureinto yourexistingfigureasacompound
objectwhichthenmaybemoved,scaled etc.

Alternatively, you cancut and pastefrom anothelinstanceof XFig, asdescribechext.

Cutting and Pasting

Unix is amulti-taskingoperatingsystemsoit is possibleto invoke morethanoneinstanceof XFig. Startup XFig
twice: oneinstancewill beusedto draw the picture,which | will call schematic.fig Theotherinstanceshouldbe
started andthefile symbols.figoadedinto it. | will call this symbols.fig

It is now possibleto cut and pastesymbolsfrom symbols.figinto schematic.fig
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. View thesymbols.figdraving by openingits window.
. Selectthecopy function. A little box’handle’ appearsvith eachsymbol.

. Right Click (button3) onthehandle.A messagéobject copiedto scrapfile.fig’appear®nthe statudine.

A W N P

. View the schematic.figdrawing by openingits window. Click on the PASTE function at the top of the
window, andthe selectedsymbolwill appeaiin your drawing.

If you only needa few symbols,you cancut andpasteoneatatime. If you needa bunch,make a groupin
symbols.figandpastethatgroupinto schematic.fig
An exampleof a schematiaiagramcreatedwith this processis shavn in figure 4.

12
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As time passesyou will build up a library of usefulfunctionsthat you canaddto the installedlibraries or
your own libraries. Or you cancutandpastefiguresfrom previousprojectsinto new projects.For example,l have
createdan elaborate668HC11boardschemati¢hathasbeenpastednto variousprojectschematics.

Why not usea SchematicCAD Program?

Programdor thedesignof printedcircuit boardsoftenincludea schematieditor. The printedcircuit layoutsare
fine, but I'm not a big fan of the schematiadrawingsthey produce.The drawings are often difficult to readand
do notshaw alogical flow from left to right, top to bottom. The pointswherewires attachto a symbolareoften
fixed,regardlesof thepositionof the symbol,which makesfor a confusingdrawing. Ontheotherhand,the CAD
schematidnterfaceddirectly with thelayoutfunction: if theschematids correct,thelayoutwill becorrect.

It would be nice if it were possibleto corvert a schematicdravn under XFig, into a form that could be
importedinto a printed-circuitboarddesignprogram,suchasORCAD.

7 Incorporating Figuresin Text

XFig includesanExport facility, in which thefile descriptiormaybe exportedto differentfile formats.Themost
usefulonesareLatex Picture, Pictex, Postscript, EncapsulatedPostscript and bitmapformatssuchasGIF,
JPEG, TIFF andseveralothers.

Thedifferentfile formatsallow figures,dravn in XFig to bereadby othercomputeprogramsandincorporated
in varioustext documents.

Theadwantagesgisadwantagegandusesf theseformatsareasfollows:

7.1 Latex Picture Format

ThelATEX text processindanguagéhasa limited numberof drawing commandscircle, box, andline, andthese
may be usedto draw simplepictures.For the Latex Pictur e format, XFig copiesout a descriptionof the picture
in commandshat canbe directly processedby IATEX. Thefile may be calledinto the main text documentwith
the lATEXcommands:

\ begi n{figure}[htb]

\ begi n{center}

\'i nput {figures/cooling-function.l at ex}
\end{center}

\ capti on{Cool i ng Functi ons}

\ I abel {fig:cooling-function}
\end{figure}

wherethe figure to be incorporateds in the sub-directoryfiguresandis namedcooling-function.lat& The
figurewill becentredhave acaptionCooling Functions, andmaybereferredto in thetext by its symbolicname,
fig:cooling-function. (Thatway, the programnumbershe figuresautomatically andthe authordoesnt have to
beconcernedvith thatchore.)

Latex figuresare processedjuickly, which is not the casefor someotherformats. Onebig advantageof the
Latex Picture formatis thatary IATEX symbolor mathematicaéxpressionmay be incorporatedn the picture.
In electricalengineeringpnequite often needssuchsymbolsas{? andy on drawings. This is accomplishedby
writing $\ Omega$ and$\ mu$ on the diagramwherethey arerequired. If the Text Flag for thattext is setto
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Special thenit will beincorporatedverbatimin the descriptionof the drawing and IATEX will put the correct
symbolonthedrawing.

The Text Flag may be accessetby selectingthe XFig Edit functionandthenselectingsometext. The edit
dialogboxthenpopsup andincludesa switchthatcanmake thetext Special

Whenthe Text drawing modeis selectedthe Specialswitchis accessibleinderthe Text Flags controlat the
bottomof thedrawing carvas.

7.2 Pictex Format

Thereare certaindrawing elementghat IATgX cannotcopewith directly. For example,lines at certainslopes,
circlesof certaindiametey and continuousspline curvesare not allowed. To copewith this, the Pictex format
doesall drawing by placinga seriesof points. As aresult,thethe Pictex formatcandescribeaxtremelycomplex
imagesbut thereis a priceto pay. ThePictex formatis bothlargerandslowerto proces{mud slower) thanthe
Latex format. A documentith mary Pictex inclusionscanbring a486-66to its kneessoit is bestto usePictex
only whenneeded.

ThePictex formathasthe advantagehat,lik e the Latex format, it canincorporatdATEX symbolsdirectly.

The incantationto include a Pictex imageis exactly the sameas shavn above for a Latex image,with the
differenceof thefile namesufix, whichis .pictex, of course.

Thestartof the IATEX documenimustincludethe statement

\ usepackage{ pi cl at ex} % Pi ct ex drawi ng package

sothatit includesthenecessarynacrosto procesgictex dravings.
(If you usethis packageyou will gettheseerrormessageatthebeginningof processinghedocument:

| . 1444 \setpl otsynbol ({\fiverm.})% ** initialize plotsynbol
I.1730 \setshadesynbol ({\fiverm.})% ** initialize plotsynbol

Simply pressreturnto getpastthis: the messagemaybeignored.)

7.3 Postscript Format

Marny printersacceptpostscriptformattedfiles directly. The Ghostview previewer may be usedto obsere a
postscriptfile, and can print selectedpagesfrom the postscriptfile to a printer Thus, if you were creatinga
documento betakento anothemprinterandprinted,youwould probablyexportto the postscripformat.
Whenexporting as postscript,always preview the imageusing Ghostscriptto ensurethe imageis the right
sizeandorientation.
Postscriptmagesarenotdirectlyimportableinto documentsthatis thefunctionof theEncapsulate®ostscrip-
t format.

7.4 EncapsulatedPostscript

Thereis very little differencebetweena postscriptfile andan epsfile: only the differenceof the boundingbox
statementThe preambleof the postscripffile says

%/@oundi ngBox: 65 242 547 550

Thepreambleof theepsfile says
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%/Boundi ngBox: 0 0 482 308

The postscriptfile specifiesan absolutepositionfor the image: the epsfile is intendedto be offsetby some
amount,determinedby the programincorporatingthe diagram. This is usefulto know, sinceone hasoftento
corvert from one form to another and this can be done by editing the Bounding Box statement. The other
differenceis thatthe PostScripffile containsa showpae commandwhich tells the printer to actually print the
pageafterrenderingt.

Encapsulate®ostscripfiles maybeincorporatedn a IATpX drawing with anincantationlik e thefollowing:

\ begi n{figure}[htb]

\ begi n{center}
\epsfig{file=figures/synbols. eps}
\end{center}

\caption{Schenmati c Synbol s}

\'| abel {fi g: synbol s}

\end{figure}

wherethe diagramis in thefiguressubdirectoryandis namedsymbols.eps
Thestartof the IATEX documenimustalsoincludethe statement:

\ usepackage{ epsfi g}

to tell IATEX to incorporatethe necessarynacrosto procesepsdocuments.

For reasonsnotedbelow, the processingf epsimagesis instantbecausdATeX doesnot processhem. It
simply makesa noteof thelocationof the drawing andits size.

Thebig disadwantageof encapsulategdostscripformatis thatit cannoteasilyincorporatdATeX symbols:the
XFig Specialflag doesnotwork. Thereare waysto getaroundthis, but they arecomplicatedand,in my opinion,
it is easierto simply usethe Pictex formatwhenthe diagramis complex andIATEX mathor greeksymbolsmust
appeamonthediagram.

The Caseof the Missing Pictures

Thereis oneimportantthing to understandiboutincorporatingepsdocumentsn a IATpX document.Whenyou
procesdATEX , it producesa .dvi (Device Independentfile. Thenthis file may be previewed usingthe viewer
programXDVI, which shows very niceimagesof the generatedext andits includedpicturesanddrawings.

Now, the epsfiles that constitutethe imagesin the documentare not actually processednto the text of the
.dvifile. The .dvifile includespointersto the epsfiles (andboundingbox information),and XDVI simply goesto
thosefiles whenit needso displaya picture. This is fine: if you have an epsimagebeingshovn by XDVI and
you edittheimagein someway, thenthateditwill bereflectedmmediatelyin the XDVI display:you don't have
to re-KTEX thefile.

However, if you wereto carry the .dvi file to anotherlocationandthendisplayor print the file, theimages
would not be presenunlessyou explicity broughtthemalong.

The solutionto this is to ensurethatany documentcontainingepsimagesis corvertedto postscriptformat
beforetransportingt. The programdvipsis commonlyusedfor this, andit inhalesboththe .dvi text file andthe
.epsimagefiles, andgenerates compositepostscript(.p9 file. This postscripfile is now thefinal material,text
andpictures,andit canbe previewedusingghostviev.
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7.5 GIF Format

| have not actuallyusedthis facility (version2.1doesnt includeit) but it shouldmake it possibleto incorporate
XFig picturesin Windows-basegrogramssuchasWordPerfecor Microsoft Word.

Microsoft Word claimsto be ableto import epsfiles, but it requiresa TIFF-basedpreview bitmapin the eps
file to view it onthescreenlt will, however print correctlyevenwithouta preview.

8 Printed Circuit Board Design: Filled Areas

XFig cansene asa printedcircuit boardlayouttool for simple PC boarddesignswhenmostof the circuit is
discretecomponentslt’s not really up to a complex designor onewherea large numberof IC’s areinvolved, but
for analogcircuitsor preliminarylayoutof a design,it’'s quite useful.

Thefirst hurdleis the scalefactor Integratedcircuitsandelectroniccomponentsirelaid outon a hundred-mil
grid: 0.1inchesor somemultiple thereof. The XFig grid, onthe otherhand,is sixteendivisionsto aninch. (This
refersto version3.2 patchlevel 1 of XFig, andlaterversionsmaydiffer.)

Onesolutionis to definetwo XFig divisionsas0.1 inches. They areactually0.125inches,so the drawing
mustbe scaledby afactorof 0.8to producea full-sized print. Fortunately thereis a Magnification functionon
thePrint dialogbox, which canbe usedto print ata magnificationof 80%.

To draw acopperareaon a PCbhoard,useoneof the closedpolygonfunctions.Whenoneof theseis selected,
afill style selectorappear®nthebottomline of thescreenThedefaultfill patternis none Popthis controlopen
andthenselectadesiredill pattern.(To sareink, chooseoneof thelessdensepatterns.)

Now you'rereadyto createthedesign.

Usetheoutlinesfrom the Electrical Library file. Move the packagesrounduntil you have whatlookslike a
feasiblelayout.

Eachconnectioronthe PCboard,betweertwo or morepins,is anislandof copper To createanisland,start
by drawing anarbitraryshadedolygon. Don't worry aboutthe shapeor sizeat this point, just getsomepolygon
drawn. You canusethe smooth-edgegolygonor theonecomposedf straightline segments.

TherearethreeEdit Mode tools to modify the shapeof this polygon: move point, add point, deletepoint.
Whenyou selectoneof thesetools, the verticesof the polygonareshavn ashandles.Usingthethreetools,you
canmodify anddragthe polygoninto ary shapeyou want. Adding andmoving pointsallows you to spreadthe
polygonto the requiredlocations. Remoring pointsallows you to undo mistakesor cleanup busy areasof the
drawing.

Whenthe boardis finally laid out, print the drawing at 80% (full size)andthenusea copierto print ontoan
adhesie film material. Peeloff the paperbackingand stick the now-printedfilm to a barecopperboard. (It's
importantthatthe boardcoppersurfacebe cleanandfree of contaminantsPolishthe boardwith fine steelwool
until it shines. Thenwipe the boardwith nailpolishremover to remove ary chemicalcontaminants.It's also
critical thatthe adhesie film bewell attachedo the copperandnot containary air bubbles.)

Usingthe printedpatternasa guide,usea razorknife to cut away thefilm wherethe boardshouldbe etched.
Whenthisis completejmmersethe boardin ferric-chlorideetchanto createthefinal board.

An exampledrawing of a boardmadewith this techniquds showvn in figure5.
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9 Perf Board Layout

Prototypeelectroniccircuits are often constructecbn uncladperforatedooard. Wire wrap socketsanddiscrete
componentsiregluedto theboard,andthenwiresrun betweerthe IC anddiscretecomponenpins.

Alternatively, sometypesof prototypeboardsuchasVeroboarchave copperstripson thewiring sidethatcan
be usedto make connectionsYou install wire jumpersrunningNorth-Southon the componensideof theboard
andconnecttheseto coppertraceson the wiring sideto run East-Wést. The coppertracesarebrokenat various
points,usingatwist drill to eataway thecopper Theresultsarecompactreliableandattractve.

XFig is usefulin laying out a prototypecircuit of this type. The partsarepositionedon the drawing andlines
drawn to indicatethewiring connectionghatwill take place.Onecolourof line canbe usedto indicatewireson
thecomponenside,anda secondcolourto indicatecopperconnection®n thewiring side. Partsandconnections
canbemovedoverandoveruntil thedesignis optimizedfor neatnesandsize.Coppenrunbreakscanbeindicated
onthedrawing.

Whenthedesignis finalized,it canbe printedat full sizeandgluedto theperfboard.Theprintedpatternis a
very usefulguideto the positionof componentsgonnectionsndcopperbreakpoints. This greatlysimplifiesthe
constructioranddeluggingtask: building the boardbecomesn exercisein following the drawing pattern.

An exampledesignof this typeis shavn in figure 6. Noticethatthe boardconsistsof two identicalcircuits.
This is wherea drawing programlike XFig is really useful: generatinghe secondayoutis simply a matterof

copying the original.
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10 ScreenCaptureto Xfig

Theprogramxv is anothemwonderfully usefulprogramavailablein the Unix world. It is ageneraburposdmage
captureandmanipulationprogram.

For thisdocumentwe neededmagesof thetoolbarsof the XFig program.Fortunatelyamongits mary useful
featuresxv hasa grab functionwhich allows oneto captureanareaof thevideoscreen.

First,xv wasusedto grabthetoolbarareaof an XFig window. Then,usingotherxv tools,theimagewasthen
de-colouredcorvertedto grey scale)andthresholdedo a black andwhite image. The xv ’crop tool wasused
twice on the black-whiteimageof the XFig toolbarsto make to the draw andedit toolbars which weresaredas
postscript(ps) files. (Thereis no optionto save animageasanepsfile, sopostscriptis the next bestthing.)

Eachpostscripffile wasthenloadedinto XFig, marked up with textual annotationsandsaved asanepsfile.
Ghostviav wasusedto preview theseepsfiles to ensurethat everythingwasthere. Theepsfile wasthencalled
into the IATEX documento malke the desiredfigure.

Astonishingly it all worked.

You canalsocapturewindows andareaf the screerusingthe Pictur e Object feature but XFig unmapsall
of its windows from the screerduringthis operatiorto ‘get out of yourway’ soyou would have to run two XFigs
atthesametime anduseoneto capturepartsof the othet

11 Making Overheadsusing Xfig

Xfig is a greattool for creatingthe overheaddgor a slide shav. Often, the situationis this: you have createda
documenbn a particulartopic andnow you needto do a presentationEachof the overheadss to bea summary
of oneof theimportantideasin the original paper

Luckily, you don't needto retypeeachof the overheads.The text canbe cut and pastedfrom the original
documentThefacility to do thisis really useful,but really well hidden.

You needto ensurethatthe 'text-paste’operationis setup properly | can't speakfor othermachinesput on
mine (the’Manhattan’distribution of RedHat)the functionof this key is definedin thefile

/usr/ X11R6/1i b/ X11/ app-defaul ts/Fig
Edit thisfile, looking for thefollowing stanza:

I make the F20 key paste text in the canvas
Fi g*canvas. transl ati ons: #override \n\
<Key>F1: PasteCanv()\n

In this particularcase the text-pasteoperationis definedto bethe’F1' key. Originally, it was’F18’ or some
otherstrangevalueand| hadto changet. You canchanget to 'F1’ or someotherkey of your choice.
Now you'rereadyfor a pasteoperation:

e Selectthetext widgetin Xfig.
e Selectary of the Xfig text attributes,suchasFont andSizethatyou wantthe pastedext to have.
¢ Positionthetext cursorwhereyou wantthetext to appeain the Xfig window.

e Setupthetext to be pastedsothatit’svisiblein an XTerm.
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¢ In the XTermwindow, usetheleft mousebuttonto highlightthetext to becopied.
¢ Movethefocusbackto the Xfig window andpressbuttonF1.
e Thetext shouldpastecorrectlyinto the Xfig window.

An exampleis shovn in figure 7. | selectedhe 'Bookman-Lightltalic’ 12 point font in Xfig. Thenl copied
thetext from a previous paragraphof this paragraphnto Xfig. | outlinedthetext with abox andsavedit asan
encapsulated-postscrifile at 70% magnification.Thenl addedtheinstructionso this IATEX documento import
theepsfile asfigure7.

Xfig is a great tool for creating the overheads for a slide show. Often, the
situation is that you have created a document on a particular topic. Now

you need to do a presentation. Each of the overheads is a summary of one of
the important ideas in the original paper.

Figure7: PastedText

Initially, the box wasthewrongsize. | hadto adjustit in Xfig andre-exportthe drawing until it wascorrect.
If you're usingthe xdvi viewer, eachtime you resae the epsfile, the new versionappearsautomaticallyin xdvi.
(Youdo have to closeandopenthe xdvi window.) You don't have to reprocesshe IATEX document.

Now, how would you assemble bunchof theseslidesasa slide shav?

Onemethodwould beto createa IATEX documenthatimportseachoverheadasa separatgagein the doc-
ument. As you madeup the slide shaw, you could processt asa IATeX documentandpreview it usingthe xdvi
previewer. If you needto incorporatemathematicsnto the overheadspastein the IATEX text, markit as’spe-
cial’ text in Xfig, andexportit to afile formatsuchasPictex that understandsnath symbols. Whenthe entire
slide shav is assembledysedvipsto corvertit to a postscriptdocument.This is the completedslide shawv. Use
ghostviev to presenthe overhead®neafteranotheror in whatever orderis appropriate.

12 Configuring Xfig

Theinstallationandconfigurationprocesshasthreestages:
e Installtheprogram
e Fitthescreersize

e Getcoloursto work.

12.1 Installation

OnaRedhatLinux systemor someothersystemthatusesthe RPM (RedhatPackageManagementyystem the
installationstepsareasfollows:

¢ Mountthe CDROM thatcamewith thedistribution.
¢ FindtheRedhatdirectory
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¢ Inthatdirectory find thexf i g packagewhichwill benamedsomethindikexfi g3. 2. 2. rpm

e Installit with the RPM command:
rpm-i xfig2.2.2.rpm

(Grizzled old Unix veteranshow heardmutteringabouthow easypeoplehave it thesedays,not having to use
MAKE filesetcetc.) Thexf i g packagas alsoavailableontheweh You coulduseGoogleto find it.
A Slakwaresystenis similar, exceptthatpackagegndin a. t gz extensionandthecommandsi nst al | pkg.
If you aregeneratingoutputsin latex or otherformatsfor incorporationin documentsyou will alsoneedto
install thet r ansf i g package.This handleghetranslationof thedocumendescriptionfrom f i g into various
otherformats.

12.2 ScreenSize

It is not uncommornwhenstartingxfig for thefirst time to find thatthe window exceedsthe screensizeandthe
coloursare missing. Fortunately xf i g and X W ndow are extremely configurable,so theseglitchescan be
fixed.

Thescreersizemaybereducedo fit by meansof thecommandine optionsthatsetthe width of the carvas,
the heightof the carvas,andthe numberof buttonsperrow onthe controlpanel.(Referto theman entryfor xfig
for alist of all theoptions.)

For example,to make xfig fit on my Toshibalaptop,for which the screerresolutionis 800x600pixels,| used
thecommandine

xfig -pwidth 8 -pheight 5.5 -but_per_row 3

This squisheghe carvasdown to 8 inchesby 5.5inchesandstacksthe buttonsthreeto a row.

To avoid having to type in this commandiine every time you startxfig, you can createan aliasin one of
the shell configurationfiles. In my case,a linux systemthe shellis Bashand| addedthe following line to the
. bashr c file:

alias xfig="xfig -pwidth 8 -pheight 5.5 -but_per row 3 &

Theampersanéh thecommandine putsthexfig processn thebackgroundothatyou getthecommandorompt
backafter startingxfig. (Rememberto list files thatbegin with a dot, you mustusethe - a optionto | s, asin
Is -a.)

To getthis aliasto take effect, you needto logoutandlogin againor usethesour ce commando getBash
to readthe configuratiorfile, asin source . bashrc.

Typing 'xfig’ now invokesthis entirecommandine automatically

Incidentally you canfind out which shellyour systemis usingwith thecommand

echo $SHELL

If you areusingsomeshellotherthanBash,you’ll have to readthe manualentry on thatshellto determinethe
namesof the configuratiorfiles, their configuratiorfiles, andsyntaxof the entries.
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12.3 Colour

Whenxfig is installed,its X Window configuratiorfiles will alsohave beenautomaticallyinstalledin anappl i -
cation defaul t s directory Onmy Redhatsystemthisis

/usr/KL1R6/1i b/ X11/ app-defaul ts
andonthe Slakwaresystem
/usr/KL1R6/1i b/ app-defaul ts

There,you will find configurationfiles for mary X Window programsamongwhich shouldbe Fi g andFi g-
col or . (NonAmericansshouldtake speciahoticethespellingof color, which Brits andCanadianspelicolour).

Theobjectiveis to getxf i g toreadtheFi g- col or file whenit startsup.

When X Window startsup, it executesa programxi ni t (seethe man entry for xi ni t). This program
looksfor afile named. xi ni t r ¢ in the users homedirectory The. xi ni t r ¢ scriptis animportantfile — it
specifieghe X window managerlndthevariousX windows programshatappearon the desktopat startup.The
. Xi ni trc file in turnidentifiesa configurationfile named. Xdef aul t s. To getxfig to readit’s application
defaultfile Fi g- col or, addtothe. Xdef aul t s text themagicline:

Fi g*cust om zation: -color

In somecasesthe X configurationsare containedin a file named. Xr esour ces. In that case,edit the
. Xi ni trc file to readthatinstead.

RestartX Windows. Dependingon your system simply pressing<ct r | ><al t ><backspace> will take
you backto thelogonscreenlLog onasnormalandstartxf i g. It shouldbein gloriouscolour.

On somemachines pressing<ct r | ><al t ><backspace> takesyou backto the commandline dumb
terminalscreenRunst ar t x to restartX Window.

If thereis nofile . xi ni t r ¢ in your homedirectory usethel ocat e commando searchfor . xi nitrc
or xi ni trc. Therewill probablybe anexamplesomavherein the systemthatcanbe copiedinto your home
directoryandeditedto suit.

If thereis nofile . Xdef aul t s in your homedirectory, simply createit, containingthe magicline given
above.

12.4 References

To learnthe detailsof BASH andits configuratiorfiles, thereis:

Learning the BASH Shell, 2nd Edition

CamerorNewhamandBill Rosenblatt

O'Reilly & Associatednc, 1998

For moreinformationon usingandconfiguringthe X Window Systemyou mightwantto read
X Window SystemUser’s Guide, Volume 3

ValerieQuerciaandTim O’Reilly
O'Reilly & Associatednc, 1993
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