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1 Installation and Startup

1.1 Installation

DINO is distributedin binaryform for severalplatformsthatcanbedownloadedfrom theDINO homepage
athttp://www.dino3d.org :

� Linux i386 kernel2.4+,libc.so.6

� IRIX 6.5+

� Digital OSF14.0+

� SunOS5.7+

� MacOSX

DINO usesOpenGL(http://www.opengl.org ) asits 3D library, thereforea working OpenGLim-
plementationis required,which is presenton mostof todaysworkstations. If not, thena software-only
variantcalledMesa(http://www.mesa3d.org ) canbeused.

Thereareno specialrequirementsfor installation,theexecutablecanbecalledfrom anywhereandit does
notexpectany other�les.

1.2 CommandLine Ar guments

Thefollowing commandline argumentsareavailable:

� -debug print out lots of debugginginfo duringexecution

� -help displaysusage

� -log LOGFILE writesall enteredcommandsintospeci�edlog�le. Thisdefaultsto logfile.dino

� -nolog doesnotwrite a log�le

� -noom theobjectmenuis notdisplayed

� -nostartup thestartup�le .dinorc is ignored

� -nostencil noattemptis madeto initialize thestencilbuffer thatis usedfor surfacesolidi�cation

� -nostereo onSGI,stereois deactivated

� -s SCRIPTFILE executesSCRIPTFILE immediatelyafterstartup

� -f SCRIPTFILE sameas-s,but thegfx is notupdatedduringscriptparsing

� -stereo onLinux, searchesfor a stereovisual

� -vidmode onSGI,usesthespeci�ednumberof videomode,asprintedwith -debug .

� -trace all scriptlinesareechoedasthey arerun

� X-toolkit parameterssuchas-geometry .
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1.3 Basics

Theunit usedthroughoutDINO is Å (10� 10m).

Color canbe given eitherby a name(pre-de�nedcolorsaredisplayedwith scene showrgb ) or asa
RGBtriplet in theform {r,g,b} , whereeachcolorcomponentliesbetween0.0and1.0.

Vectorsandmatricesarealsoenteredusingcurly braces:
0

B
@

x
y

z

1

C
A is writtenas{x,y,z} ,

0

B
@

a b c
d e f

g h i

1

C
A is writtenas{{a,b,c},{d,e,f},{g,h,i}}.

1.4 Manual Conventions

In aSyntaxstatement,severalcharactershaveaspecialmeaning:

CAPITAL lettersindicateplaceholders

[] squarebracketsencloseoptionalparts

| theverticalbardenotesa logical 'or':

� in squarebracketsthis meansoneof thesestatementsor none

� in roundbracketsthis meansexactlyoneof thesestatements

� withoutbracketsit separatesdifferentsyntaxesaltogether

. . . ellipsisstandfor anarbitraryamountof similar statements

ThetermsSET_EXPR,MATERIAL_EXPRandRENDER_EXPRareusedtodesignateoneormorecomma-
separatedassignmentsin theform of

PROPERTY1=VALUE,PROPERTY2=VALUE2,...

wheretheavailablepropertiesandpossiblevaluesareusuallydocumentedin a table.

1.5 Startup File

Uponstartup,the�le .dinorc is �rst lookedfor in thecurrentdirectoryandthenin homedirectory. If it
is present,it will beparsed.At themoment,parametersto adjusttheinput devicespeedandanexecblock
aresupported,aswell ascommentsstartingwith #.

Speedparametersare:

mouse_rot_scale ,mouse_tra_scale , sb_rot_scale , sb_tra_scale , dials_rot_scale ,
dials_tra_scale

Eachspeedparametermustbefollowedby asingle�oating pointnumberwhich is usedasamultiplication
factor. Default is 1.0for all factors.

All commandswithin theexecblock areexecutedimmediatelyuponstartupandcanconsistof any DINO
command.
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Example.dinorc �le:

mouse_rot_scale 0.5

mouse_tra_scale 0.5

exec {

#set background to white

scene set bg=white

# adjust field of view

scene set fov=45

# turn on depth cueing by default

scene set depthc,fogo=30

}

Page6
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2 Shell and GUI

Theshellacceptscommandsandpassesthemto thedino-engine.Theshellsyntaxitself is very limited, in
particularthereis nosupportfor controlloops(suchasfor or while ) or conditionals(suchasif-else );
variableshowevercanbede�ned.

2.1 ShellNavigation

Commandsaretypedinto theterminal.Keystrokesoccuringin thegraphicswindow arerouteddirectly to
theterminal.Specialkeys:

 ! Movecursorwithin commandline
" # Navigatethehistoryof previouscommands

DEL Removescharacterthecursoris positionedon
BKSPC Removescharacterjust left of thecursor

^K Erasesentireline

2.2 ShellCommands

!
Syntax: !SHELLCOMMAND

Abbreviation for theshellcommandsystem (seebelow).

@
Syntax: @SCRIPTFILE

Causesto speci�ed SCRIPTFILE to be parsed,eachline interpretedasa command.To spreada single
commandover several lines,usethebackslashasthe lastcharacterto protectthe following newline. The
commandsbreak andpause (seebelow) areonly valid duringexecutionof a script�le.

$
Syntax: $VAR

ExpandsvariableVARto its value. Charactersfollowing immediatelyafterwardscannotbeoneof a-z,A-
Z or 0-91 (becausethey would be interpretedaspart of the variablename). Variablescanbe nested,i.e.
$$var would�rst expand$var , andthentheinterpreterwouldtry to expandtheresultagainasavariable.

//
Syntax: // COMMENT

Ignorestherestof theline up to anewline, allowing commentsto beaddedto scripts.

\
Syntax: \X

ProtectscharacterX from beinginterpreted,e.g.anewline in a script,adollar sign,bracketsor quotes.

1systemcall isalnum()
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[]
Syntax: [SUBCOMMAND]

Allows nestedcommands. The squarebrackets are part of the syntax! The expressioncontainedin
SUBCOMMANDis �rst evaluatedasa commandby itself, andthen,if no erroroccurred,theresultreplaces
the[SUBCOMMAND]expression.Thiscanbearbitrarilynested.Especiallyusefulin combinationwith the
echo command;e.gprinting thecurrentvalueof theglobaltransformation:

echo [scene get rtc]

;
Syntax: COMMAND1; COMMAND2

Thesemicoloncanbeusedto seperateindividualcommandsthatappearon thesameline.

alias
Syntax: alias ABBR EXPR

Setsanalias,with theeffect that if ABBRappearsasthe�rst word in a command,it is replacedby EXPR.
ABBRmustbe a singleword, EXPRcanbe several words. The resultingEXPR is not parsedfor aliases
again.

break
Syntax: break

Stopsscriptexecutionandreturnsto thecaller. Hasnoeffect interactively.

cd
Syntax: cd PATH

Changesthe working directory to PATH. If PATHis omitted the directory is resetto the initial startup
directory.

echo
Syntax: echo EXPRESSION[> file | > > file]

PrintsEXPRESSION, evaluatingall subcommandsandexpandingall variables�rst. Outputcanbeoption-
ally redirected(> FILE ) or appended(> > FILE ) to a �le.

exit
Syntax: exit

Seequit.

pause
Syntax: pause

Halts script executionuntil a key is pressed.If the key is ESC, script executionwill be aborted.Hasno
effect interactively.

pwd
Syntax: pwd

Displayscurrentworking directory.

quit
Syntax: quit

Seeexit.

set
Syntax: set VAR EXPR

AssignsEXPRto thevariableVAR(seealso$ above).
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system
Syntax: system EXPR

ExecutesEXPRasa shellcommandandreturnsafterit hascompleted.

unalias
Syntax: unalias ABBR

Removesthealiasentryfor ABBR(seealsoalias above).

unset
Syntax: unset VAR

RemovesthevariableVAR (seealsoset above).

var
Syntax: var

Listsall currentlyde�ned variableswith their values.

Variables

PI 3.14159

protein
(rname=ALA, CYS, ASP, GLU, PHE, GLY, HIS, ILE, LYS,
LEU, MET, ASN, PRO, GLN, ARG, SER, THR, VAL, TRP, TYR)

dna (rname=A,ADE,C,CYT,G,GUA,T,THY)

rna (rname=A,ADE,C,CYT,G,GUA,U, URA)

aliphatic (rname=ALA,GLY,ILE,LEU,MET,PRO,VA L)

aromatic (rname=PHE,TYR,TRP)

basic (rname=ARG,LYS)

basic2
((rname=LYS and aname=NZ) or (rname=ARG and
aname=NH1,NH2))

acidic (rname=ASP,GLU)

acidic2
((rname=GLU and aname=OE1,OE2) or (rname=ASP and
aname=OD1,OD2))

polar (rname=SER,THR,TYR,HIS,CYS,ASN,GL N)

polar2

((rname=SER and aname=OG) or (rname=THR and aname=OG1)
or (rname=TYR and aname=OH) or (rname=HIS and
aname=ND1,NE2) or (rname=CYS and aname=SG) or
(rname=ASN and aname=OD1,ND1) or (rname=GLN and
aname=OE1,NE1) or (rname=TRP and aname=NE1))

hydrophobic (rname=ALA,VAL,PHE,PRO,MET,ILE,LE U,TRP)

Aliases

stereo scene stereo

mono scene mono

write scene write

bench scene bench

Table2.1: Prede�nedVariablesandAliases
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2.3 ShellRPN calculator

The shell implementsa RPN calculator:valuesarepushedonto a stack,andoperatorsareappliedto the
stackto yield results:

clear
Syntax: clear

Removesall entriesfrom theRPNstack.

dup
Syntax: dup

DuplicatesthetopmostRPNstackentry.

opr
Syntax: opr OP1 [OP2 ...]

Appliesoneor severaloperatorsto theRPNstack.Seetable2.2on thenext pagefor a list of all operators.

peek
Syntax: peek

Returnsthetopmostvaluefrom theRPNstackwithout removing it.

pop
Syntax: pop [VAR [,VAR2 ...]]

Returnsand removesthe topmostvalue(s)from the RPN stack,optionally writing them in the comma-
separatedvariablenamesgivenafter the pop command.If no variableis provided, returnsandremoves
only thetopmostvalue.

push
Syntax: push W1 [W2 ...]

Pushesall words(from left to right) ontotheRPNstack,therightmostwordwill beon top.

show
Syntax: show

Lists thecurrentRPNstackon theterminal.

swap
Syntax: swap

Swapsthetwo topmostentrieson theRPNstack.

Examplecalculate(2+3)*4:

push 4 2 3; opr + *; show
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unary operators valid typesx

+- changesthesignonscalars,elementsof vectoror matrix SVM

inc, dec
increases,resp.decreasesscalar, elementsof vectoror matrixby
one

SVM

abs returnabsoluteof scalaror lengthof vector SV

inv inverse S

log, ln,
exp, sqrt

calculatesthedecimalrespnaturallogarithm,exponentialfunc-
tion or squareroot

S

sin, cos,
tan, asin,
acos, atan

trigonometricfunctions S

int, float returnstheintegerpartor �oat, or forcesreturnof �oat S

det returnsdeterminantof matrix, invalid for scalarandvector S

binary operators valid typesx

+, -
basicadditionandsubtraction,vectorsandmatricesmusthave
identicalelements

SSVV MM

* multiplicationor scalarproduct
SS SV SM VV
VM MM

/ simpledivision SSSV SM

pow powerof x (1stposition)to y (2ndposition) S

x calculatescrossproductbetweentwo vectors VV

special valid typesx

dist calculatesdistancebetweentwo vectors VV

angle calculatesanglebetweentwo linesformedby threevectors VVV

torsion calculatestorsionasde�ned by four vectors VVVV

rmat
Requiresa directionvectorV anda scalarvalueS, returnsthe
rotationmatrix of a SdegreerotationaroundaxisV

WV

x S:scalar, V: vector, M: matrix

Table2.2: ShellRPNStackOperators
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2.4 GUI

All keypressesoccuringin thegraphicswindow arerouteddirectly to theDINO shellpromptandappear
thereasif typedinto theterminalwindow directly.

Thefollowing input devicesareavailable,if installed:

� mouse

� dialbox

� spaceball

Thetransformationscausedby theseinputdevicesareperdefaultroutedto thescene,modifyingthecamera
view. Thedatasetcommandgrab (seesection4.3.1onpage24)canbeusedto re-routethetransformations
to a dataset.

For eachof theseinput devices, thereis a specialvariant that is namedin the sameway, but with a 2
appended:mouse2, dialbox2 andspaceball2 . These*2 variantsspecifytheinput device together
with theCtrl modi�er key: If for examplethemouseis transforminga dataset(throughtheuseof grab
mouse), pressingCtrl and moving the mousewill still causethe cameraview to be updated(because
mouse2 is still boundto thescene).

Mouse Clicking2 theleft mousebuttonin thegraphicswindow hasthefollowing effects:

1. A line L is constructedthat is perpendicularto the xy planeandgoesthroughthe currentmouse
position.Themiddlepoint of the intersectionof line L with thenearandfar clipping planeis stored
in thevariableCP(for currentpoint)

2. Of all atomsof showncoordinateobjectsthatarewithin 0.2Å of line L andthatarebetweenthenear
andfar clipping plane,theoneclosestto thenearclipping planeis selectedandthefollowing things
happen:

(a) its numericform (.ds:#number)is storedin thevariableCS(currentselection).

(b) its positionis pushedontothescenestackandstoredin thevariableCP(therebyoverridingthe
interpolatedpoint describedabove)

(c) its nameis displayedin thestatusbar

(d) its labelis toggledif theshift key waspressedduringthemouseclick

Depressingthe right mousebutton in the graphicswindow will causethe usermenuto appear. Some
shortcutsareaccessiblefrom there,unfortunatelynotuser-customizable.

Thetablebelow lists theeffectsof mousemovementin thegraphicswindow, dependingon themouse
button(s)andmodi�er keyspressed.

DefaultMouseInputSettings

Left MB rotatex+y
Middle MB translatez (slow andfast)

Left MB & Middle MB rotatez
Left MB & Shift translatex+y

Middle MB & Shift slabwidth
Left MB & Middle MB & Shift slabtranslation

MouseWheel translatez (slow)
MouseWheel& Shift translatez (fast)

2time betweenmousebuttonpressandrelease< 200ms

Page12
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Dialbox Thetablebelow lists thesettingsof theeightdialsona standarddialbox.

DefaultDialboxSettings

slabwidth � � slabtranslate

rotatez � � translatez
rotatey � � translatey

rotatex � � translatex

Spaceball A spaceballcombinesthethreetranslationalandrotationalaxesinto onedevice,andhenceis
muchbettersuitedfor 3D navigationthanthemouseor dialbox.
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3 Scene

3.1 SceneCommands

Commandsaddressedto thesceneareissuedin anobject-orientedmanner:Thetargetscene precedesthe
commandandits parameters:

Syntax: scene COMMANDPARAMETERS

autoslab
Syntax: scene autoslab

Adjuststhe front andbackclipping planeto the minimal andmaximalz valueof thecurrentlydisplayed
objects.Thecoordinatesof theobjectunitswill beused,notof the3D primitives.

bench
Syntax: scene bench

Togglesbenchmarking.If on, the scenewill be continouslyupdatedandthe refreshrate(in framesper
second)will bedisplayedin thestatusbar. Usefor qualitativebenchmarking.

center
Syntax: scene center {X,Y,Z}

Centerstheglobalrotationon thecoordinatesprovidedby {X,Y,Z} . Predestinedfor combinationwith a
nestedcommand(seeshellcommandsabove)suchas:

scene center [.ds.obj]

Note:asexplainedbelow, thegeometriccenterof anobjectis returnif nocommandis given

get
Syntax: scene get PROP

ReturnsthescenepropertyPROP(seetable3.1onpage16).

grab
Syntax: scene grab INPUTDEVICE

GrabsINPUTDEVICE(seesection2.4onpage12), routingits transformationsto thescenecamera.Upon
startup,all availableinputdevicesaregrabbedby thescene.

hide
Syntax: scene hide

Turnsdisplayof all objectsoff.

hidecp
Syntax: scene hidecp

Hidesthemarker for thecurrentpositionstoredin $CP(off atstartup).

message
Syntax: scene message EXPR

DisplaysEXPRin thestatusbaron thebottomof thegraphicswindow.

Page14



ino ReferenceManual 3.1Scene- SceneCommands

peek
Syntax: scene peek

Returnsthetopmostscenestackentrywithout removing it.

pop
Syntax: scene pop

Returnsandremovesthetopmostscenestackentry.

push
Syntax: scene push W1 [W2 ...]

Pushesall following words(from left to right) ontothescenestack.

reset
Syntax: scene reset [rot] [trans] [cent] [clip]

Resetsthescenetransformation.If no additionalkeyword is provided,everythingis reset,otherwiseonly
thespeci�edcomponents:

rot Therotationmatrix is setto identity

trans Thetranslationvectoris setto {0,0,-100}

cent Thecenterof rotationis setto theorigin {0,0,0}

clip thenearclippingplaneis setto 1.0,thefarclippingplaneto 1000.0.

rotm
Syntax: scene rotm MATRIX

Multiplies thesupplied3x3MATRIX to thecurrentrotationmatrix. Thismatrix is not checkedfor validity.

rotx roty rotz
Syntax: scene (rotx | roty | rotz) ANGLE

Rotatesthescenearoundoneof themajoraxisby ANGLEdegrees.

set
Syntax: scene set SET_EXPR

Setsoneor moresceneproperties(seetable3.1on thenext page).

show
Syntax: scene show

Turnsdisplayof all objectson. This is thedefault.

showcp
Syntax: scene showcp

Displaysa marker for thepositionstoredin $CP(seealsosection2.4onpage12).

showrgb
Syntax: scene showrgb [EXP]

If EXP is omitted, lists all symboliccolor namesandtheir associatedRGB values. Otherwiselists only
thosecolorsthatincludeEXPin their name.

spin
Syntax: scene spin

Togglesscenespinningonandoff. If active,thescenewill rotatein thedirectionof thelastrotationinduced
with themouse.
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split
Syntax: scene split

Togglesstereodisplayusingsplit screenon andoff. The orientationis determinedby thesceneproperty
splitmode : 0 (default) is straight,1 is cross-eye. Duringsplit screenmode,scene write (seebelow)
will actuallygeneratea stereoimageasseenon thescreen.

stereo
Syntax: [scene] stereo [on | off]

Toggleshardwarestereoon andoff. This commandhasbeenaliasedso scene canbe omitted. This is
currentlyonly supportedon equippedSGI systemsandsomelinux hardware.Theavailability of hardware
stereomodewill bereportedduringstartup(seealsothestartupparametersabove).

transm
Syntax: scene transm VECTOR

AddsthesuppliedVECTORto thecurrenttranslationvector.

transx transy transz
Syntax: scene (transx | transy | transz) VALUE

TranslatesVALUE Å alongoneof themajoraxis.

Property Description type default

bg Backgroundcolor color black

center Centerof rotation position {0,0,0}

depthc If true,deptheffectwith fog is enabled �ag false

dither If true,ditherscolorsondisplayswith lessthan24bitdepth �ag false

eyedist Eyedistance(stereoparameter) �oat 150

far Distanceof far clippingplanefrom observer �oat 400

fixz If true,clippingplanesmovealongz-translation �ag true

fogc Fogcolor color black

fogm Fogmode,oneof linear , exp or exp2 �ag linear

fogd Fogdistancefor modesexp andexp2 �oat 1.0

fogo Fogoffsetfrom far clippingplanefor modelinear �oat 25.0

fov Fieldof View Angleof perspectiveprojection �oat 0

mmat Modelview, includesrotationandtranslation 4x4mat

near Distanceof nearclippingplanefrom observer �oat 10

rot Rotationmatrix 3x3mat identity

rtc Rotation,TranslationandCenterof Rotationin one 4x4mat

slabw Width of slab(equalsfar-near) �oat 390

splitmode
Determinesviewing mode for split screenstereo, 0 is
straight,1 is cross-eye

int 0

trans Translationvector vector {0,0,-100}

view view mode,oneof center , left or right mode center

Table3.1: SceneProperties
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3.2 Lighting

Initially, onlyonelightsourceis on(number0). Therearesix morethatcanbeused.In thesyntaxstatements
below, LIGHT standsfor scene:light N, whereN rangesfrom 0 to 7.

on
Syntax: LIGHT on

Turnsthespeci�edlightsourceon.

off
Syntax: LIGHT off

Turnsthespeci�edlightsourceoff.

get
Syntax: LIGHT get PROP

Retrievesa light property(seetable3.2on thenext page).

set
Syntax: LIGHT set SET_EXPR

Setsoneor morelight properties(seetable3.2on thefollowing page).

show
Syntax: LIGHT show

Displaysall propertiesof this light.

3.3 Additional Clipping Planes

In additionto thefront andbackclipping plane,six additionalclipping planesin arbitrarypositioncanbe
speci�ed. In thesyntaxstatementsbelow, CLIP standsfor scene:clip N, whereN rangesfrom 0 to 5.

on
Syntax: CLIP on

Turnsspeci�edclippingplaneon.

off
Syntax: CLIP off

Turnsspeci�edclippingplaneoff.

set
Syntax: CLIP set PROP1[,PROP2 ...]

Setsonor moreclippingplaneproperties(seettable3.2on thenext page).

get
Syntax: CLIP get PROP

Retrievesaclippingplaneproperty(seetable3.2on thefollowing page).

grab
Syntax: CLIP grab INPUTDEVICE

Routesall transformationsfrom INPUTDEVICEto speci�edclippingplane.
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Property Description
default
light0

default
other

Light Properties

on or off �ag to turn thelight onor off on off

global or
local

�ag to seteithera local lightsource(�x edpositionin scene)or
globallightsource(will movealongwith camera)

global global

pos
4 dimensionalvector in the form {x,y,z,w}. For w=0, {x,y,z}
de�nesadirectionvector, mimickinganin�nite lightsource.For
w6= 0; {x,y,z} denotesapositionin space.

{.1,.2,1,0} {0,0,1,0}

amb
Ambientlighting contribution,eitheragrayscalevalueor anrgb
triplet {r ,g,b}, valuerange0-1

0.05 0.0

diff
Diffuselighting contribution, eithera grayscalevalueor anrgb
triplet {r ,g,b}, valuerange0.0-1.0

0.6 1.0

spec
Specularhilight contribution, eithera grayscalevalueor anrgb
triplet {r ,g,b}, valueange0.0-1.0

0.3 1.0

kc Constantattenuationfactor 1.0 1.0

kl Linearattenuationfactor 0.0 0.0

kq Quadraticattenuationfactor 0.0 0.0

spotc
Spotlightcutoff anglefrom 0-90degrees,or 180to turnspotlight
off

180 180

spote spotexponent 0.0 0.0

spotd spotdirection {0,0,-1} {0,0,-1}

Clipping PlaneProperties

Property Description Default

pos Positionof theclippingplane {0,0,0}

dir Directionof theplanenormal {0,0,1}

Table3.2: Light andClipping PlaneProperties
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4 Datasets

4.1 Concepts

4.1.1 BasicData-Units

Eachdatasetis build of basicdata-unitesthat areusually loadedfrom an external �le. Eachdata-unitis
characterizedby properties.Thedatasetitself is notvisibleonthescreen,it is amemory-onlyrepresentation
of thedata.To visualizethedata,objectsmustbecreated.

4.1.2 Objects

Objectsarethreedimensionalrepresentationsof datasets.They areconstructedfrom thedata-unitswith the
datasetcommandnew (seeon page24), resultingin a collectionof 3D primitiveswhich aredisplayedin
thegraphicswindow. Objectsarecharacterizedby:

Object Name A sequenceof alphanumericcharacters(allowed are pretty much all charactersexcepta
blankspaceandspecialshell characterssuchas$ // @ [ ] { } ; ), mustbeuniquewithin a
dataset.

Object Type Representsa speci�c way of convertingandinterpretingthestructuraldata,resultingin dif-
ferentrepresentationsfor thesamedataset.

Selection Designatesasubsetof thedata-unitsto beincludedin theobjectconstruction.

Datasetand Object Properties Additionalparametersuniqueto thedatasetandobjecttype.

RenderProperties Parametersaffectingthedisplayof the3D primitives.

4.1.3 AddressingDatasetsand Objects

Every datasethasa uniquename(setduringloadingor creation).Commandsaddressedto thedatasetare
issuedin anobject-orientedmanner:

Syntax: .DS COMMANDPARAMETERS

Thenameof thedataset(DS), precededwith adot,appears�rst, followedby thecommandandits parame-
ters.

Objectsarepartof thedatasetthey werecreatedfrom andareaddressedas:

Syntax: .DS.OBJ COMMANDPARAMETERS

Theobjectname(OBJ) is alwaysappendedto its dataset(DS), separatedwith a dot.

4.1.4 Properties

Propertiesarename-valuepairscharacterizingdataset,objectsanddata-units.Thedata-unitpropertiescan
bedividedinto two classes:somearecopiedfrom thedatasetto theobjectduringobject(re-) creationand
somearesharedbetweenthedatasetandits objects.As describedin moredetailbelow, thecommandsset
andget areavailableon thedatasetandtheobjectlevel to modify andretrieveproperties.
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4.1.5 Selection

Selectioncanbeappliedfor variouscommandsandallowsa�ltering of datasetor objectelements,to which
thespeci�ed commandis applied.Eachelementis queriedagainstthecompleteselection,andonly if the
selectionholdstruetheelementis used.

A selectionis build up from individual selectionstatements,connectedthroughbooleanoperators,option-
ally employing parenthesisto groupstatements.Possiblebooleanoperatorsareand , or (bothbinary)as
well asnot (unary). Therearethreetypesof selectionstatements,property, within andobject, explained
in moredetailbelow.

4.1.5.1 Selectionby property

Syntax: PROP OP VALUELIST

PROPis a data-unitpropertythat is valid within a selectionstatement(asindicatedin the tablesfor each
dataset),OPis oneof the comparisonoperatorslisted below, andVALUELIST consistsof oneor more
(commaseparated)VALUEs. A VALUEis eithera string,a numberor anumericrange(MIN:MAX). For the
stringandrangeVALUEs,only theequal/ not-equaloperatorsarevalid.

Theselectionstatementis trueif thecomparisonbetweenthequeriedelementpropertyandany oneof the
listedvaluesholdstrue.

Comparisonoperators for selectionstatement

= (equal) != (not equal) < (smaller) <= (smalleror equal) > (larger) >= (largeror equal)

Examples:

rname=ALA,LEU,ILE

rnum=1:20,30:40 and chain=A

(rnum<50 and aname=C,N,O,CA) or (rnum=55,76,129)

4.1.5.2 Selectionwithin a distance

Syntax: DIST <> TARGETLIST

Thewithin statementallows to selectbasedon a distanceDIST Å from a TARGETLIST, which consists
of oneor more (commaseparated)TARGETs. A TARGETis eitheran point in space- with the syntax
{x,y,z} - or anarbitraryobjectfrom anyotherdataset- with thesyntax.DS.OBJ . In thelattercase,the
selectionstatementwill betrueif thequeriedelementfallswithin thespeci�eddistanceof anyof theobject
elements.

Examples:

10 <> {0,0,0}

5.5 <> $CP

20 <> .myo.hem

20 <> [.myo.hem]

Thedifferencebetweenthelast two expressionsis thefollowing: without squarebrackets,theselectionis
truewithin 20Å of any elementof .myo.hem , while thesquarebracketsare�rst evaluatedandreturnthe
centerof gravity for theobject,resultingin a sphericalselection.

4.1.5.3 Selectionbasedon other objects

Syntax: OBJLIST

This statementcontainsoneor more(commaseparated)objectnamesof thedatasetitself. Theselectionis
trueif any datasetelementthatis queriedis containedwithin oneof theobjects.
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4.1.6 Ranges

Syntax:
.DS.OBJ set OP=OV1:OV2 -range prop=RP[,src=SRC][,val=RV1:RV2][,cla mp]

A rangeis usedto linearymaponepropertyontoanother. It is appendedto a set statement,which must
containat leastonepropertywith a value-range.The valueOVfor eachobjectelementpropertyOPis
determinedin thefollowing way:

1. If src is omittedor setto .DS (thedatasettheobjectbelongsto), thevalueRVof thedatasetproperty
RPof theobjectelementis obtained.Else,thevalueRVof thepropertyRPof thedatasetSRCat the
coordinatesof theobjectelementis obtained(if necessaryby interpolation).

2. RVis linearlymappedto OVwith thefollowing formula:

OV =
(RV � RV 1)
(RV 2 � RV1)

� (OV 2 � OV 1) + OV 1

3. If clamp wasspeci�ed,OVwill beclampedto lie within OV1andOV2.

Only thoseobjectelementswill be affectedwhich OVvaluelies within the speci�ed rangefrom OV1to
OV2.

In thetablesbelow, thesymbol� in theRangecolumndenotesthatthis propertymaybeusedasRP, while
� denotesthatthispropertymaybeusedasOP.

4.1.7 Transformations

A datasetcanbegloballytransformedwith respectto thescene(andtheotherdatasets).Thistransformation
is de�ned by a rotationmatrix R, a translationvectorT anda centeringvectorC. The transformationis
appliedto eachobjectelementcoordinatev prior to renderingto yield thetransformedcoordinatev0:

v0 = R � (v � C) + C + T

Therotationmatrix defaultsto the identity matrix, the translationvectorto zero,andthecenteringvector
to thegeometriccenterof thedataset.The datasetcommandsandpropertiesaffecting the transformation
aregivenin thegenericdatasetcommandsection4.3.1onpage24andin thedatasetpropertytables4.4on
page30,4.7onpage35,4.10onpage38and4.13onpage41.

4.2 DatabaseManager Commands

Thedatabasemanagermodulehandlestheinternaldatabasecontainingall datasetsandtheir objects.

delete
Syntax: delete DATASET

RemovesDATASETandall its objects.Notethatthenameof thedatasetis notprecededwith a dot.

list
Syntax: list

Listsall loadeddatasetson theterminal.

load
Syntax: load FILE [-name N] [-type T] [SPECIFIC PARAMS]

Probablythe mostimportantdatabasemanagercommand.Loadsa �le into the database,creatinga new
datasetandconvertingthe�le formatinto theinternalformat.
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Thenameof thedatasetcanbespeci�edwith -name , otherwisethebaseof the�lename1 will beused.If a
datasetof identicalnamealreadyexists,consecutivenumbersstartingfrom 2 will beappendedto thename
until a uniqueoneis found; theexisiting datasetwill not beoverwritten.AllowedcharactersareA-Z, a-z,
0-9,underscoreandhyphen;othercharacterswill bereplacedwith underscore.

The�le typegivenwith -type indicatesboththekind of datasetto becreatedaswell asthe �le format.
If this parameteris omitted,the type is guessedfrom the extension. Table4.1 on the next pagelists the
currentlysupported�le formats,their recognizedextension(s),thetypeandthekind of datasetthatwill be
created.NOTE: Filescompressedwith gzip (extension.gz ) areuncompressedon the�y . It is not event
necessaryto appendthe.gz extensionto the�lename in theloadcommand.

Dependingon the�le type,someotherparameterscanbegiven:

Filesin binaryformatmightneedto bebyte-swappedwith -swap , dependingontheprocessorarchitecture
they weregeneratedonandtheprocessorarchitectureDINO is runningon. Thebyteorderof thesupported
architecturesis asfollows: Big Endian: MIPS (irix), MOTOROLA (OSX),SPARC (sun),Little Endian:
INTEL (linux-i386), ALPHA (osf1). NOTE: For most binary formats,DINO will try to detectwether
byte-swappingis necessary, sothis �ag canbeommitedin mostcases.

For coordinatedataset�le formats,the parameter-conn CFLAGwill determinethe connectivity rules
applieduponstartup(for moredetailsseeconnectivity descriptiononp.27).

Theparameter-conv is speci�c for UHBD potentials- it causesamultiplicationof eachscalargrid value
with thescaleparametercontainedwithin theheader.

new
Syntax: new TYPE [-name N]

Createsanew datasetof TYPE. This is currentlylimited to geom. If nonameis speci�ed,TYPEis used.

rename
Syntax: rename OLD NEW

RenamesdatasetOLDinto NEW, providedthatNEWis not alreadyused.Notethatthereis nodot predecing
thedatasetnames.

1strippedof its pathandextension
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File Format Ext Type Dataset Mode

ProteinDataBankcoordinate�le
www.rcsb.org .pdb .ent pdb coord asc

X-PLORv3.x coordinatefile
atb.csb.yale.edu/xplor/ .xpl xplorc coord asc

CNSv1.0coordinate�le
cns.csb.yale.edu .cnsc cnsc coord asc

CHARMM coordinate�le
yuri.harvard.edu .crd charmmc coord asc

MEAD coordinatefile
www.scripps.edu/bashford .pqr pqr coord asc

SpecialBD Trajectoryformat .bdtrj bdtrj coord bin

GROMACScoordinate�le .gro gromacs coord asc

electrondensityor maskfrom theCCP4suite
www.dl.ac.uk/CCP/CCP4/ .map .ccp4 ccp4 scal bin

X-PLORv3.x electrondensityor mask
atb.csb.yale.edu/xplor/ .xmp .xmap xplorb scal bin

CNSv1.0electrondensityor mask
cns.csb.yale.edu .cmp .cmap cnsb scal bin

UHBD grid �le
chemcca51.ucsd.edu/uhbd.html .uhb .uhbd uhbd scal bin

CHARMM electrostaticpotential
yuri.harvard.edu .cpot charmmb scal bin

MEAD electrostaticpotential
www.scripps.edu/bashford .fld .mead mead scal bin

DELPHI/INSIGHTII electrostaticpotential
trantor.bioc.columbia.edu/delphi/ .grd .ins delphi scal bin

�x ed(643) DELPHI potential(i.e. asoutputfrom GRASP) - delphig scal bin

SPIDERscalar�eld .spi .spider scal bin

simpleDINO scalar�eld .dgrd dgrid scal bin

X-PLORv3.x electrondensityor mask(ASCII)
atb.csb.yale.edu/xplor/ - xplora scal asc

CNSv1.0electrondensityor mask(ASCII)
cns.csb.yale.edu - cnsa scal asc

MSMSsurface
www.scripps.edu/pub/olson-web/people/ sanner .face .vert msms surf asc

MSPsurface
www.biohedron.com

.msp .vet msp surf asc

GRASPsurface
trantor.bioc.columbia.edu/grasp/ .grasp grasp surf bin

ADS surface
www.embl-heidelberg.de/~gabdoull/ads/ - ads surf asc

greyscaleTIFF image .tiff topo topo n.a.

Table4.1: SupportedFile FormatsandtheirDatasetTypes(supportedMD trajectory�le formatsarelisted
in table4.3onpage28)
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4.3 GenericCommands

A numberof datasetcommandsapplyingto all datasetsor objectsaredescribedhere. The speci�c com-
mandsareexplainedwithin therespectivedatasetsectionbelow.

4.3.1 GenericDatasetCommands

Ommitinga commandwill beinterpretedas.DS get center

del
Syntax: .DS del OBJ

RemovestheobjectnamedOBJfrom thedataset.Notethatthereis nodotprecedingtheobjectname.

�x
Syntax: .DS fix

Appliesthecurrenttransformationto thedataset,thenresetsthetransformationto identity.

get
Syntax: .DS get PROPERTY

Returnsthe speci�ed datasetproperty. (Seetables4.4 on page30, 4.7 on page35, 4.10 on page38
and4.13onpage41 ).

grab
Syntax: .DS grab INPUTDEVICE

GrabsINPUTDEVICE (seesection2.4 on page12). The transformationsgeneratedby this input device
will beroutedto thedataset.Usefix to actuallyapplythetransformationto thedataset.

new
Syntax:
.DS new [-name N][-type T][-set SET_EXPR][-sel SELECT_EXPR]

Createsanew objectfrom thedataset.If nonameis givenwith -name , thedatasetnamewill beused.If an
objectwith thesamenamealreadyexists,it will bedeleted�rst. Theobjecttype- aspeci�c way to convert
thedatainto 3D primitives- canbe speci�ed with -type . Objectpropertiesaswell asshared data-unit
propertiescanbeassignedusing-set . Finally, a subsetof thedata-unitsusedfor objectcreationcanbe
selectedwith -sel .

reset
Syntax: .DS reset (rot | trans | center | all)

Resetsthedatasettransformation.If noparameteris given,all is implied.

rot Therotationis setto identity.

trans Thetranslationis setto {0,0,0} .

center Thecenterof rotationis setto thegeometriccenterof thedataset.

restrict
Syntax: .DS restrict SELECT_EXPR

All data-unitsthatdo not matchtheselectioncriteria in SELECT_EXPRare�agged asexcludedandare
ignoredfor all subsequentcommands.Thewildcard* will removeall restrictions.Thiscommanddoesnot
actcumulatively, ie therestrictionis removedprior to eachrestrictcommand.
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rotx roty rotz
Syntax: .DS (rotx | roty | rotz) ANGLE

Rotatesaroundoneof the major axis by ANGLEdegrees.The major axis areorientedrelativ to the cur-
rent cameraorientation,i.e. the x, y andz axis arehorizontal,vertical andperpendicularto the screen,
respectively.

set
Syntax: .DS set SET_EXPR [-sel SELECT_EXPR]

Setsdatasetor data-unitsproperties(dependingonwhichappearin SET_EXPR). A selectioncanbeadded
to specifywhich data-unitsareaffected. Shared data-units(seesection4.1.4on page19 above) will be
updatedimmediatelyin all objects,while copieddata-unitschangethedefaultvaluesfor subsequentobject
(re-)creations.The tablesin the speci�c datasetsectionsbelow containinformationaboutvalid dataset
properties(table4.4on page30, table4.7on page35, table4.10on page38 andtable4.13on page41) as
well assharedandcopieddata-units(table4.5onpage31, table4.8onpage36, table4.11onpage38and
table4.14onpage42).

Thesyntaxof theselectionis givenin section4.1.5onpage20.

transx transy transz
Syntax: .DS (transx | transy | transz) VALUE

TranslatesthedatasetVALUEÅ alongoneof themajoraxis. Theaxisarede�ned in thesameway asfor
therotation(seeabove).

4.3.2 GenericObject Commands

Omitinga commandwill beinterpretedas.DS.OBJ get center

get
Syntax: .DS.OBJ get PROPERTY

Returnsthe speci�ed object property. (Seetables4.4 on page30, 4.7 on page35, 4.10 on page38
and4.13onpage41).

hide
Syntax: .DS.OBJ hide

Theobjectwill no longerbedisplayedin thegraphicswindow.

set
Syntax:
.DS.OBJ set SET_EXPR [-sel SEL_EXPR] [-range RANGE_EXPR]

A very�e xible andpowerful command;setsobjectpropertiesor copieddata-unitsproperties(dependingon
whichappearin SET_EXPR). Thelattercanbesubmittedto aselectionand/orrange.For arangestatement
to work, at leastonpropertyappearingin SET_EXPRmusthavea value-range.

Thetablesin thespeci�c datasetsectionsbelow containinformationaboutthevalid objectproperties(ta-
ble 4.4 on page30, table4.7 on page35, table4.10 on page38 andtable4.13 on page41) andcopied
data-units(table4.5 on page31, table4.8 on page36, table4.11on page38 andtable4.14on page42).
Theupdateof propertiesmight not take effect immediately:someobjectpropertieswill only beevaluated
duringa renew (seebelow).

An explanationof the selectionsyntaxis given in section4.1.5 on page20 and of the rangesyntaxin
section4.1.6onpage21.

show
Syntax: .DS.OBJ show

Displayestheobjectin thegraphicswindow. Perdefault all objectsareshown oncecreated.
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renew
Syntax: .DS.OBJ renew [-set SET_EXPR] [-sel SELECT_EXPR]

Renews anobject. This is similar to thedatasetcommandnew (seeabove),exceptthat thenameandthe
typeof theobjectare�x ed andonly new propertiesand/ora new selectioncanbe applied. Copieddata-
unit propertieswill beregeneratedfrom thedefault values,while objectpropertieswill only bemodi�ed if
explicitely statedin SET_EXPR. If no selectionis speci�ed, theold onewill be re-applied,otherwisethe
new selectionis evaluated,replacingtheold one.

render
Syntax: .DS.OBJ render [RENDER_EXPR]

Modi�es renderpropertiescontainedin RENDER_EXPR. If calledwithoutparametersthecurrentrendering
statewill berenewed.Renderpropertiesarelistedin tables4.6onpage32,4.9onpage36,4.12onpage39
and4.15onpage42.

material
Syntax: .DS.OBJ material MATERIAL_EXPR

Changes the surface material of an object through material properties (table 4.2) given in
MATERIAL_EXPR, affecting the interactionbetweenthe light sources(seesection3.2 on page17) and
theobjects.WithoutMATERIAL_EXPR, thecurrentsettingsareshown.

Example:

.surf.obj material amb=0.2,spec=0.5,shin=64

Note:Thediffusematerialsettingis determinedby thecolor.

Property Description

amb Ambientlight, eitherascalaror explicit color {r,g,b}

spec Specularhilights,eitherascalaror explicit color {r,g,b}

shin Shininess,integervalue1-128

emm Emmission,eitherascalarof explicit rgbcolor {r,g,b}

Table4.2: MaterialProperties
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4.4 Coordinate Dataset

Note: this usedto be called structure dataset,but hasbeenrenamedto signify that it is basedon atomic
coordinates.

4.4.1 BasicData-Unit

Thecoordinatedatasethasindividualatomsasits basicdata-unit.In addition,it containstheirorganization
in themoleculararchitectureandoptionallyseveralconformations.

4.4.2 Object Types

connect All selectedatomsareconnectedby bondsbasedon their chemicalconnectivity. Two atomsare
connectedif they full�ll oneof thecriteria listedbelow. Theserulesareappliedperdefault for the
databasemanagercommandload andthedatasetcommandreconnect . To changethis default
behaviour, a �ag canbe passedto thesecommands,indicatingwhich rulesareto be applied. The
necessaryvaluecanbeobtainedby addingthedesired�ag numbersgivenaftertherules.

1. Both atoms(de�ned by atomandresiduename)arepresentandconnectedin theinternalcon-
nectivity table(de�ned for thestandard20aminoand5 nucleicacids)- �a g 0x1

2. The two atomswere explicitely connectedin the �le (e.g. with a CONECT card) or by a
connect command- �a g 0x2

3. If one or both of the atomsis not presentin the internal connectivity table, both atomsare
connectedif their distanceis lessthanhalf thesumof their vanderWaalsradii - �a g 0x4

trace All selectedresiduesaresequentiallyconnectedby their centralatom(CA for proteins,P for nucleic
acids)if

1. Their residuenumbersarecontinuous(n andn+1)

2. They belongto thesamechainandmodel.

Theselectablepropertiesarelistedin table4.5onpage31undercolumnL.

4.4.3 DatasetCommands

For thegenericcommandsdel , fix , get , grab , new, reset , restrict , rot , set , andtrans see
section4.3.1onpage24. Speci�c coordinatedatasetcommandsfollow:

connect
Syntax: .DS connect ATOMATOM

Addsacovalentbondbetweenthetwo atoms.Thesyntaxfor ATOMis describedin section4.4.5onpage29.

load
Syntax: .DS load FILE [-type T]

Loadsa trajectory�le asan addonto the structure.The numberof atomsin eachtrajectoryframemust
matchthe numberof atomsin the dataset.The �le type canbe explicitely setwith -type , otherwiseit
is guessedfrom the �le extension.Thetablebelow lists thesupportedtrajectoryformats.All of theseare
binary, but DINO detectsdifferentendianessandperformsbyte-swappingif necessary.
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type ext format

charmm .trj .dcd CHARMM trajectory

gromacs .xtc GROMACStrajectory
cns .crd CNStrajectory

dino .dtrj DINO trajectory
binpos .binpos BINPOStrajectory

Table4.3: MD Trajectoryformatssupported.

play
Syntax:
.DS play [-b BEG][-e END][-w WAIT][-s STEP][-d DEL][-m MODE]

Commencestrajectoryplaying,goingfrom frameBEGto frameEND(defaultall) in stepsof STEP(default
1), waiting WAIT cyclesbetweeneachstep(default 0), addinga delayof DEL cyclesat the endbefore
continuing(default0). MODEis oneof loop (default,atENDjumpto BEGafterDELcycles),rock (going
backand forth) or single (stop after onepass). The frame updatesare implementedvery ef�ciently
with a singlecopy of a memoryareacontainingthenew coordinatesfor theatoms.This is �ne for object
typessimple andcpk , but objecttypecustom requiressomemorecalculationsandthedatasetproperty
tfast shouldbesetto falseto ensureproperrendering(seetable4.4onpage30).

reconnect
Syntax: .DS reconnect CFLAG

Rerunsconnectivity algorithm,usingconnectivity rulesdescribedabove(p.4.4.2).CFLAGdefaultsto 7, ie
applyingall threeconnectivity rules.

step
Syntax: .DS step [N]

Jumpsto thenext or +N trajectorystep.

stop
Syntax: .DS stop

Haltsaplayingtrajectoryandresetsthecurrentframeto 1.

write
Syntax: .DS write FILE [-type T]

Writesall unrestrictedatomsof thedatasetinto a �le. Theformatcanbeexplicitely setwith -type , other-
wiseit is guessedfrom theextension.Thetablebelow lists thesupportedformatsandtheir corresponding
typeandextension.

type ext format

pdb .pdb PDB coordinate�le

cns xplorc .xpl CNS/X-PLORcoordinate�le
charmmc .crd CHARMM coordinate�le

4.4.4 Object Commands

For thegenericcommandsget , hide , show, set , renew , render , andmaterial seesection4.3.2on
page25. Speci�c coordinateobjectcommandsfollow:

clear
Syntax: .DS.OBJ clear

Removesall labelsfrom this object.
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write
Syntax: .DS.OBJ write FILE [-type T]

In mostrespectsidenticalto thedatasetcommandwrite (seeabove), exceptthatall atomsin theobject
arewrittenout.

4.4.5 Indi vidual atoms

Individualatomsareaddressedas

Syntax: .DS:ATOM COMMANDPARAMETERS

whereATOMis oneof:

� [MODEL.][CHAIN.]RESIDUE-NUMBER.ATOM-N AME

� #NUMBER

MODELandCHAIN areonly requiredif thedatasetcontainsseveralmodelsand/orchains.NUMBERis the
uniqueatomnumberreadfrom the�le. Chainandatomnamearecasesensitive.

Ommitinga commandwill beinterpretedas.DS:ATOM get xyz

get
Syntax: .DS:ATOM get PROP

Retrievesatomproperty(seetable4.5 on page31). Especiallyusefull after clicking on an atom,as its
individualatomcodeis thenstoredin theshellvariable$CS.

4.4.6 Dataset,Object and Data-Unit Properties

Tables4.4on thenext pageand4.5on page31 list all thedataset,objectanddata-unitpropertiesthatare
accessiblewith thedatasetandobjectcommandsset and/orget , aswell asavailableduringselectionor
rangestatements.

4.4.7 Render Modesand Properties

Renderingpropertiesmentionedbelow (in typewriter font) for coordinateobjectsare listed in ta-
ble4.6onpage32.

Object type connect:

simple (default) Bondsaredrawn aslinesof width lw , coloreddependingon bothatomsthey connect.
Non-bondedatomsaredisplayedaslittle crosses.

cpk Atomsaredisplayedas(hollow) sphereswith theirvanderWaalsradius.Thecircularsubdivisionsof
thespheresarecontrolledby detail .

custom Bondsaredrawn ascylindersof width bw, coloreddependingon theatomsthey connect.Atoms
aredrawn asspheresof radiussr . Circularsubdivisionsof thecylindersandspheresarecontrolled
by detail .
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Object type trace:

simple (default)Sameasfor typeconnect .

custom Sameasfor typeconnect .

sline Smoothedsplinewith splines subdivisionspassingexactlythroughthebackbonecenters;drawn
aslines with width lw . The coloring is eithersmoothlyinterpolatedalongthe splinesegmentsor
changedabruptly(intpol ).

tube As sline , but a hollow tubeis drawn, with the diametertubew . If the �ag userad is set,the
diameteris multiplied with the radiusof thecentralbackboneatom(CA for proteins,P for nucleic
acids).Theaxial ratioof thetubecanbemodi�ed with tuber . Theamountof circularsubdivisions
is setwith detail .

hsc Similar to sline , displayingsecondarystructurecartoonfor proteinsand nucleicacids. Protein
tracesarerenderedaccordingto their residuetype (seetable4.5 on the following page),with type
coil displayedasahollow tubeof diametertubew andaxialrationof tuber , typehelixdisplayedas
a smoothhelix with width helixw andthicknesshelixt , andtypestrand displayedasa pointed
arrow with width strandw , thicknessstrandt andrelative arrow sizearrowt . Nucleic acid
tracesarecomposedof a splinerunningthroughthe C3' positionsof the sugarunits (displayedas
a tubewith diametertubew andaxial ratio tuber ) andoneof two differentsugar-baserepresen-
tations:either(nam=0) asa schematicsugar-purin or sugar-pyrimidine representation(of thickness
sugart andbaset ) or (nam=1) asa hollow tube(of diameterbw) pointingtowardsthetip of the
base.Theamountof circularsubdivisionsis setwith detail .

Property S G Description

DatasetProperties

cell � � Crystallographicunit cell

center � Geometriccenterof dataset

frame � � Currentframenumber(for trajectories)

rcen � � Centerof rotation,default is thegeometriccenter

rot � � 3x3 rotationmatrix,default is identity

rtc � � 4x4 compactmatrix containingrotation, translationandcenterof
rotation

smode � �
selectionmode,canbeeitheratom (default) or residue , in the
lattercasethecompleteresiduewill beselectedif oneof its atoms
ful�lls theselectioncriteria

tfast � � Flag for fast trajectoryupdate(default true). Disablewhenusing
rendermodecustom with trajectoryplaying

trans � � Translationvector, default is {0,0,0}

ObjectProperties

center � Geometriccenterof object

S: Propertycanbemodi�ed with set
G: Propertycanbeobtainedwith get

Table4.4: CoordinateDatasetandObjectProperties
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Property S G L R Description

data-unit propertiessharedbetweendatasetandobjects

aname � � Nameof atom

anum � � � Continuousnumberof atom

bfac � � � Crystallographictemperaturefactorof atom

chain � � Chainname

class � � Residueclass,oneof protein , na (nucleidacids)or misc

ele � � Chemicalelementsymbolof atom

model � � � Model numberif coordinatesreadfrom amulti model�le

rname � � Nameof theresidue

rnum � � � Numberof residuein thechain

rtype � � �
Residuetype, indicatessecondarystructureconformationthis
residuebelongsto. Oneof helix , strand or coil

weight � � � Weightor crystallographicoccupancy of atom

xyz � Atom positionas{x,y,z}

x � � � x coordinateof atomposition

y � � � y coordinateof atomposition

z � � � z coordinateof atomposition

data-unit propertiescopiedfrom datasetto objecttypeconnect

color � � Colorof atom

vdwr � � � � VanderWaalsradiusof atom

data-unit propertiescopiedfrom datasetto objecttypetrace

color � �
Color of central atom, upon setting will override color1 ,
color2 andcolor3

color1 � �
Color of thephosphatebackbonefor nucleicacidshsc render-
ing mode

color2 � � Colorof thesugarunit for nucleicacidshsc renderingmode

color3 � � Colorof thebaseunit for nucleicacidshsc renderingmode

rad � � Radiusin Å of thetubein theequallynamedrenderingmode

SPropertycanbemodi�ed with set
G Propertycanberetrievedwith get
L Propertycanbeusedin a selectionstatement
RPropertycanbeusedin a rangestatementafter-range (� ) or asthepropertyto beset(� )

Table4.5: CoordinateData-UnitProperties
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Property Description Default

arrowt 1.0+arrowt is ratioof arrow width to strandwidth 0.0

baset thicknessin Å of nucleicacidbasein hsc mode 0.5

bw bondwidth in Å for modecustom 0.2

cull �ag to turn culling onor off 1 (on)
detail
detail1

numberof subdivisionsfor cylindersandspheresin modes
cpk , custom , tube andhsc

3

splines
detail2

numberof interpolationstepsin spline, usedfor rendering
modessline , tube andhsc

6

fast mode:speedsuprenderingwith a lossof quality, oppositeof
nice

inactive

helixt thicknessin Å of alphahelix in hsc mode 0.3

helixw width in Å of alphahelix in hsc mode 1.0

intpol �ag to turn color interpolationon or off for modessline ,
tube andhsc

1 (on)

lw line width in pixels for modessimple andsline , frac-
tionalvaluesaresupportedonsomegraphicsystems

1.0

nam nucleicacidrenderingmethod:0 or 1 0

nice mode: increasesgraphicalquality with a decreasein speed,
oppositeif fast

active

sr sphereradiusin Å for modecustom 0.2

stipple �ag to turn stipplingonor off 0 (off)

stipplei lengthof stipplesegmentin Å 0.7

stippleo lengthof stipplegapin Å 0.3

strandm betastrandrenderingmethod:0 or 1 0

strandt thicknessin Å of betastrandin hsc mode 0.3

strandw width in Å of betastrandin hsc mode 1.2

sugart thicknessin Å of nucleicacidsugarin hsc mode 0.5

t transparency; 1.0 is fully opaque,0.0is fully transparent 1.0

tuber axial ratioof tubefor modestube andhsc 1.0

tubew diameterof tubefor renderingmodestube andhsc 0.4

userad �ag to indicatethat the atom radiusis multiplied with the
segmentradiusfor modetube

off

Table4.6: CoordinateObjectRenderModesandProperties
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4.5 ScalarField Dataset

4.5.1 BasicData-Unit

The scalar�eld datasetis build up from individual grid points,eachdescribedby a point in spaceanda
(scalar)value.

4.5.2 Object types

In contrastto the coordinatedataset,the objectsof the scalar-�eld datasetaremuchmore in�uenced by
objectproperties:

contour Iso-contouredsurfaceat a valueof level . Theobjectis centeredon center , with dimension
size . Thecolorof eachcontourvertex is setwith propertycolor .

grid All scalarvalueson speci�edgrid (de�ned by center , size andstep ) aredisplayedaspointsor
spheres(seealsorenderingmodesbelow). Thecolor andradiusof thespherescanbemodi�ed with
thecommandset .

slab Planarslab - de�ned by dir andcenter - cutting throughgrid volume. The smallestrectangle
that encompassesthe intersectionbetweenplaneand volume is constructedand subdivided into
size x size points. The color of eachpoint within the slabcanbe setwith the color prop-
erty.

4.5.3 DatasetCommands

For genericcommandsdel , fix , get , grab , new, reset , restrict , rot , set , and trans
see4.3.1onpage24. Speci�c scalar�eld datasetcommandsfollow:

add
Syntax: .DS add .DS2

Addsscalarvaluesfrom DS2to DS. Thetwo gridsmusthaveequaldimensions.

mul
Syntax: .DS mul .DS2

Multiply scalarvaluesfrom DS2with DS. Thetwo gridsmusthaveequaldimensions.

sub
Syntax: .DS sub .DS2

Subtractscalarvaluesof DS2from DS. Thetwo gridsmusthaveequaldimensions.

4.5.4 Object Commands

For the genericcommandsget , hide , show, set , renew , render , and material see4.3.2 on
page25. Therearenoscalar-�eld speci�c objectcommands.

4.5.5 Dataset,Object and Data-Unit Properties

Tables4.7onpage35 and4.8on page36 list all thedataset,objectanddata-unitpropertiesthatareacces-
siblewith thedatasetandobjectcommandsset and/orget , aswell asavailableduringselectionor range
statements.
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4.5.6 Render Modesand Properties

Therenderproperties(in typewriter font) mentionedbelow arelistedin table4.9onpage36.

Object type contour:

dots Only thepointson theunit cell edges,correspondingto the iso-contourvalue,aredisplayed,with a
sizeof ps .

lines (default)Thepointson theunit cell edgesareconnectedwith linesof width lw .

�ll A continuoussurface,lit from bothsides.

Object type grid:

on The grid points are shown as spheres,the radiusdependingon the data-unitpropertyrad (seeta-
ble 4.8onpage36).

off (default)Thegrid pointsareshown aspointsof sizeps .

Object type slab: none
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Property S G Description

DatasetProperties

{u,v,w} � Returnsscalarvalueatspeci�edgrid position

center � � Geometriccenterof dataset

edge � � Scalarvalueto usefor areasoutsidegrid, default0.0

rcen � � Centerof rotation,default is thegeometriccenter

rot � � 3x3 rotationmatrix,default is identity

rtc � � 4x4compactrotation,translationandcentermatrix

scale � � Additional factormultipliedwith theunit cell axis,default is 1.0

trans � � Translationvector, default is {0,0,0}

vm & vc � � scalarvalueat eachgrid point is (vm*VAL+vc) - default for vm
is 1.0,for vc 0.0

ObjectPropertiesfor typecontour

center � � Centerof object,default is thegeometriccenter

level � �
De�nes thecontourlevel, if theletters is appendedthevalueis
interpretedasstandarddeviationunits.Thedefault valueis 1.0s
for �le formatsCCP4,XPLORandCNS,0.0for all others.

size � � Sizein grid-units,eithera singlenumberfor a cubic extension
or a triplet {usize,vsize,wsize} , default is 30

step � � Stepsizealongthegrid units,default is 1 not yetimplemented

ObjectPropertiesfor typegrid

center � � Centerof object,default is thegeometriccenter

size � � Sizein grid-units,eithera singlenumberfor a cubic extension
or a triplet {usize,vsize,wsize} , default 30

step � � Stepsizealongthegrid units,default is 1

ObjectPropertiesfor typeslab

center � � Centerof plane,default is {0,0,0}

dir � � Directionof planenormal,default is {0,0,1}

size � �
Dimensionof the internal texture mappedonto the rectangular
plane,default is 64 - mustbe oneof 8, 16, 32, 64, 128,256or
512

S: Propertycanbemodi�ed with set
G: Propertycanbeobtainedwith get

Table4.7: ScalarField DatasetandObjectProperties
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Property S G L R Description

data-unitpropertiessharedbetweendatasetandobjects

v � � Scalarvalue

x � � x coordinateof grid point

y � � y coordinateof grid point

z � � z coordinateof grid point

dist � � distancefrom currentcenterof rotation

data-unitpropertiescopiedfrom datasetto objecttypecontour

color � � Colorof vertex

data-unitpropertiescopiedfrom datasetto objecttypegrid

color � � Colorof grid point

rad � � � Radiusin Å of spheres

data-unitpropertiescopiedfrom datasetto objecttypeslab

color � � Color of eachpoint on rectangle,de�ned by theintersection
of theslabwith thescalar�eld volume

S: Propertycanbemodi�ed with set
G: Propertycanberetrievedwith get
L: Propertycanbeusedin a selectionstatement
R: Propertycanbeusedin a rangestatementafter-range (� ) or asthepropertyto beset(� )

Table4.8: ScalarFieldData-UnitProperties

Property Description Default

RenderProperties

ps Pointsizefor rendermodedots,objecttypecontour 1.0

lw Line width for rendermodelines,objecttypecontour 1.0

t transparency for objecttypescontourandslab 0.7

Table4.9: ScalarField ObjectRenderModesandProperties
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4.6 SurfaceDataset

4.6.1 BasicData-Unit

Thisdatasethasasurfacepointasits basicdata-unit,eachcharacterizedby avertex, anormalandoptionally
someattributes.It alsocontainsa list of point tripletswhich togetherform a triangleface.Thefaceshave
an insideandan outside,de�ned by the directionof the surfacenormaland the orientationof the three
vertices.

4.6.2 Object Types

Thesurfacedatasethasonly thedefaultobjecttype.

4.6.3 DatasetCommands

For the genericcommandsdel , fix , get , grab , new, reset , restrict , rot , set , and trans
see4.3.1onpage24. Specialsurfacedatasetcommandsfollow:

attach
Syntax:
.DS attach .COORD [-co DIST]
.DS attach none

Attachesatomicinformationof a coordinatedatasetto thesurface:For eachsurfacepoint, theatomof the
coordinatedataset.COORDwill beassignedto it - usingthefollowing rules:

1. Theatomis unrestricted(see4.3.1onpage24)

2. It is closerin spacethanany otheratombut not fartheraway thanDIST Å (default3Å).

If no atomful�lls theabove criteria,theassignmentis not modi�ed; asa result,multiple attachmentcom-
mandsarecumulative, and it shouldbe notedthat mixing differentcoordinatedatasetsit possible. The
assignementsareremovedby specifyingtheparameternone insteadof a coordinatedataset.

As aconsequenceof theattachment,thepropertiesof eachsurfacepointareextendedto containits attached
atomproperties,which in turn maybeusedfor selectionandrangestatements.

4.6.4 Object Commands

For the genericcommandsget , hide , show, set , renew , render , and material see4.3.2 on
page25. Speci�c surfaceobjectcommandsfollow:

reverse
Syntax: .DS.OBJ reverse

Inversesall surfacenormals.As a consequence,insideandoutsidefor this surfaceobjectareswapped.

4.6.5 Dataset,Object and Data-Unit Properties

Tables4.10on thefollowing pageand4.11on thenext pagelist all thedataset,objectanddata-unitproper-
tiesthatareaccessiblewith thedatasetandobjectcommandsset and/orget , aswell asavailableduring
selectionor rangestatements.Notethat for attachedsurfacedatasets,theselectablepropertiesof thecoor-
dinatedata-unitsarealsoavailable(table4.5).
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Property S G Description

DatasetProperties

center � � Geometriccenterof dataset

rcen � � Centerof rotation,default is thegeometriccenter

rot � � 3x3 rotationmatrix,default is identity

rtc � � 4x4compactrotation,translationandcentermatrix

smode � � Selectionmode,canbeeitherany (default)or all

trans � � Translationvector, default is {0,0,0}

ObjectProperties

center � Geometriccenterof object

S: Propertycanbemodi�ed with set
G: Propertycanbeobtainedwith get

Table4.10:SurfaceDatasetandObjectProperties

Property S G L R Description

data-unitpropertiessharedbetweendatasetandobjects

x � � X coordinateof surfacepoint

y � � Y coordinateof surfacepoint

z � � Z coordinateof surfacepoint

special � � All sharedcoordinatedatas-unitproperties(table4.5onpage31)
canbeusedwith anattachedsurface.

data-unitpropertiescopiedfrom datasetto object

color � � Colorof surfacepoint

S: Propertycanbemodi�ed with set
G: Propertycanberetrievedwith get
L: Propertycanbeusedin a selectionstatement
R: Propertycanbeusedin a rangestatementafter-range (� ) or asthepropertyto beset(� )

Table4.11:SurfaceData-UnitProperties
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4.6.6 Render Modesand Properties

Therenderproperties(in typewriter font) mentionedbelow arelistedin table4.9onpage36.

�ll (default)Thefacesarerenderedas�lled andlit triangles.

lines Only theoutlinesof thetriangularfacesaredrawn aslinesof width lw .

dots Only theverticesaredraw aspointsof sizeps .

Property Description Default

light1
light2

Mode that determineswetherthe surfaceis lit on the outside
(light1 ) or from bothsides(light2 ).

light1

lw Linewidth for renderingmodeline 1.0

ps Pointsizefor renderingmodedots 1.0

solid
Flag that determineswetherthesurfaceis consideredsolid, in
whichcasetheinterior is �lled with solidc .

false

solidc Colorof solid interior {1,1,1}

t transparency: 1.0 is fully opaque,0.0is fully transparent 1.0

Table4.12:SurfaceObjectRenderModesandProperties
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4.7 TopographDataset

4.7.1 BasicData-Unit

Thetopographdatasetconsistsof atwo dimensionalrectangulargrid (dimensionsu x v), with ascalarheight
valueat eachgrid-point. Therectangulargrid cornersareinitially locatedat positions(� 0:5 � 0:50) and
(0:50:50) (independentof thenumberof grid points),the initial coordinatesof thegrid pointscalculated
accordingly. Theheightis alwaysin therangeof 0.0to 1.0,theinternalscalingdependsontheprecisionof
theinput �le - for 8bit greyscalevalues,this is therangefrom 0 to 255.

Eachgrid point is assigneda 3D position:x- andy-coordinateareobtainedfrom theinitial positionon the
grid multipliedwith scalexy , thez-coordinateequalstheheightmultipliedwith scalez .

4.7.2 Object Types

surface Continuoussurfaceprotrudingfrom thegrid plane,approximatedwith triangles,basedon the3D
positionof eachgrid pointandits adjacentones.Thesamplingof thegrid is controlledwith step .

contour Contourlinesat equalheights,from lstart to lend with lstep sizedsteps,protrudingfrom
thegrid plane.Thesamplingof thegrid is controlledwith step .

4.7.3 DatasetCommands

For the genericcommandsdel , fix , get , grab , new, reset , restrict , rot , set , and trans
see4.3.1onpage24. Specialtopographdatasetcommandsfollow:

attach
Syntax:
.DS attach .COORD [-co DIST]
.DS attach none

Attachesa topographdatasetto a coordinatedataset.Funtionallyidenticalto theequivalentcommandof
thesurfacedataset(seepage37).

tex
Syntax: .DS tex FILE [-name TEXNAME]

De�nes animageto beusedasa surfacetexture. If thenameis omittedthenthebaseof the �lename will
beused.

4.7.4 Object Commands

For the genericcommandsget , hide , show, set , renew , render , and material see4.3.2 on
page25. Speci�c topographobjectcommandsfollow:

map
Syntax: .DS.obj map TEXNAME

MapstexturenamedTEXNAME ontosurface,only valid for objecttypesurface . The texture is mod-
ulatedwith theunderlyingsurface:Thecolor componentsat eachpoint will bemultiplied, andthe trans-
parency is preserved.Only onetexturecanbemappedontoasurface objectat a time.

unmap
Syntax: .DS.obj unmap

Removesthecurrenttexturefrom theobject.
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4.7.5 Dataset,Object and Data-Unit Properties

Tables4.13and4.14on thenext pagelist all thedataset,objectanddata-unitpropertiesthatareaccessible
with the datasetand object commandsset and/orget , as well as available during selectionor range
statements.Notethatfor attachedtopographdatasets,theselectablepropertiesof thecoordinatedata-units
arealsoavailable(table4.5).

4.7.6 Render Modesand Properties

Object type surface:

�ll (default)Thefacesarerenderedas�lled andlit triangles.

lines Only theoutlinesof thetriangularfacesaredrawn aslinesof width lw .

dots Only theverticesaredraw aspointsof sizeps .

Object type contour:

lines (default)Thecontourlinesaredisplayed,with awidth of lw .

dots Only theendpointsof thelinesaredisplayed,with a sizeof ps .

Property S� G� Description

DatasetProperties

center � � Centerof rotation,default is thegeometriccenter

rot � � 3x3 rotationmatrix,default is identity

rtc � � 4x4compactrotation,translationandcentermatrix

scalexy � � Scalingfactorin xy plane

scalez Scalingfactorin z

trans � � Translationvector, default is {0,0,0}

ObjectPropertiesfor typesurface

center � Geometriccenterof object

step � �

ObjectPropertiesfor typecontour

center � Geometriccenterof object

level � � Contourlevel (singlelevel contouring),rangesfrom 0 to 1

lstep � � For multi-level contouring,stepsizeof contourlevels

lstart � � For multi-level contouring,startof contourlevels

lend � � For multi-level contouring,endof contourlevels

step � � Stepsizewithin grid, default is 1 (everygrid point)
� S:Propertycanbemodi�ed with set
� G: Propertycanbeobtainedwith get

Table4.13:TopographDatasetandObjectProperties
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Property S� G� L � R� Description

data-unitpropertiessharedbetweendatasetandobjects

h � � heightbetween0 and1

x � � x-coordinate

y � � y-coordinate

z � � z-coordinate

data-unitpropertiescopiedfrom datasetto object

color � � colorasnameor rgb-triplet
� S Propertycanbemodi�ed with set
� G Propertycanberetrievedwith get
� L Propertycanbeusedin a selectionstatement
� R Propertycanbeusedin a rangestatement

Table4.14:TopographData-UnitProperties

RenderProperties

Property Description Default

ps Pointsizefor rendermodedots,objecttypecontour 1.0

lw Line width for rendermodelines,objecttypecontour 1.0

polyf polygon-offsetparameter1 0

polyu polygon-offsetparamater2 0

t transparency for objecttypescontourandslab 1.0

Table4.15:TopographObjectRenderProperties
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4.8 GeometricPrimiti ves

4.8.1 Creating datasetand object

Thisdatasetprovidestheability to displayarbitrarypointsandlines. It is createdwith thedatabasemanager
commandnew:

Syntax: new -type geom [-name NAME]

If NAMEis omitted,geom is used. Thereis only oneobject type that is againcreatedwith the dataset
commandnew:

Syntax: .GEOM new [-name NAME]

If NAMEis omitted,thedataset-namewill beused.

4.8.2 Adding primiti ves

An objectof ageometricdatasetcanhold anarbitraryamountof primitives.

4.8.2.1 Point

add point
Syntax:
.GEOM.GEOMadd point p={x,y,z} [,c=COLOR] [,r=RADIUS] [,t=TRANSP]

A positionmustbesupplied,a color, radiusandtransparency canbealsogiven.

Example:

.geom.geom add point p={2,1,0},c=red,r=2.0,t=0.5

4.8.2.2 Line

add line
Syntax:
.GEOM.GEOMadd line p={{x1,y1,z1},{x2,y2,z2}} [,c=COLOR] [,t=TRANSP]

A start-andend-positionmustbegiven,color andtransparency canalsobeset.

Example:

.geom.geom add line p={{0,0,0},{1,0,0}},c=green

4.8.3 Other object commands

For the genericcommandsget , hide , show, set , render , and material see4.3.2 on page25.
Speci�c geometricobjectcommandsfollow:

del
Syntax: .GEOM.GEOMdel SELECTION

Removeprimitivesfrom objectbasedonSELECTION. This expressionis specialto thegeometricdataset:
theindividualprimitivesarenamedin a particularway, andSELECTIONis a list of namesto beremoved.
Pointsstartwith p, lineswith l , andthenbothcarryaconsecutivenumber.

list
Syntax: .GEOM.GEOMlist

Listsall primitiveswith their namesandattributes
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4.8.4 Properties

In table4.16,objectandrenderpropertiesarelistedthatapplyto geometricobjects.

ObjectProperties

Property Description Default Appliestox

c color white all

r radius 1.0 all

t transparency 1.0 all

RenderProperties

Property Description Default Appliestox

on renderspointsasspheres,linesascylinders all

off simplepointsandlines X all

detail sphericalandtubularsubdivision 3 all

stipple �ag to turnstipplingonor off off L

stipplei amountof visible line segment 0.2 L

stippleo amountof invisible line segment 0.2 L

tube consecutively connectsall pointsasspline(�ag) off P
x P:points,L:lines

Table4.16:Propertiesof geometricobjects
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5 Exporting the Scene

write
Exportsthecurrentsceneasa PNGrasterimage,asa PostScript�le or asa POVray scene.While actually
ascene command,its aliasedsoscene canbeommitted.

5.1 Raster Image

Syntax: write FILE.png [-s (SIZE | WxH | VAL%)] [-a ACC]

Createsa rasterimagein pngformat1. Thedimensionsof theof�ine renderingareacanbesetwith -s : a
singlevaluedenotesa squarearea(in pixels),two numbersinterspacedwith x standfor a rectangulararea
(in pixels),anda percentagevaluerefersto the correspondingrelative sizeof the graphicswindow. The
maximumpossiblesizedependson theX-Windowssystem,2000x2000shouldwork in mostcases.If this
optionis utilized,anof�ine renderingcontext is createdandthecurrentsceneis renderedinto it, otherwise
thepixel valuesaretakendirectly form theOpenGLcontext of thegfx-window.

On OpenGLsystemssupportingaccumulationbuffers, the scenecanbe subjectedto sceneantialiasing2:
The �nal imagewill be a blendof ACCimages.Possiblevaluesfor ACCare2,3,4,5,6,8,9,12or 16. The
higherthenumberthebetterthe�nal imagewill look, but renderingtime is increasedaccordingly.

5.2 PostScript

Syntax: write FILE.ps

Convertsthe currentsceneinto a PostScript�le. The 3D primitives(points, lines andtriangles)aredis-
playedon thescreen- after transformationandprojection- with x andy coordinatesin screenpixelsand
z coordinatenormalizedbetween0 and1. Thesetransformedprimitivesarecollected,sortedfrom backto
front andthenwrittenasPostScriptelements:againpoints,linesandtriangles,just2D. Severalnoteworthy
points:

1. The resultingsceneis describedby vectorsandhenceresolutionindependent(but seenoteabout
trianglesbelow).

2. A complicatedscenemight take a long time to renderbecauseevery PostScriptelementis drawn,
evenif �nally completelycoveredby otherones.

3. Transparency is notpossiblewith PostScript,any transparentobjectwill beopaque.

4. Depthcueingdoesnotwork.

5. Postscripttrianglesareunicolored.DINO convertsitsgouraudshadedtriangesintoseveralunicolored
ones3. This approximationmightbecomeapparentathigh magni�cation.

6. TheBoundingBoxis crudelysetto thethewindow dimensionsandmight needadjustment.

7. Severalobjecttypescannotbeexported.

PostScriptexporthasbeenlargelysupersededby thePOVray format(seebelow).

1PNGprovidesanopen-source,royalty-free,ef�cient graphicsformat.Seehttp://www.libpng.org/
2from theOpenGLProgrammingGuide3rdEdition
3usingthefreelyavailablegouraudtriangle macrowritten by FredericDelhoume(delhoume@ilog.fr)
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5.3 POVray

Syntax: write FILE.pov [(-patch | -smooth | -v35 )] [-nocolor]

Exportsthecurrentsceneasa POVray scene.ThePersistenceof Vision Raytracer (www.povray.org )
is an extremelypowerful tool to createstunninglybeautifulraytracedpictures. Its freely availablefor all
majorplatformsandis constantlybeingupgradedandimproveduponby a largecommunityof enthusiastic
usersanddevelopers.An extensive tutorial on the DINO homepage(www.dino3d.org ) is devotedto
POVray outputanda duplicationherewouldexceedthescopeof this referencemanual.

A noteon theoptions.The�rst threeconcerncolor-interpolationacrossa triangularface:

-patch useacustomcolor-trianglethatrequiresa patchedversionof POVray to beparsedcorrectly.

-smooth simulatecolor-interpolationacrosstriangleby usingaspecialtexture.

-v35 exportfor POVray version3.5(defaultis 3.1g),whichincludessupportfor color-interpolationacross
triangles.

The �ag -nocolor will write uni-coloredobjectsthat canbe coloredby settingan explicit color in the
generatedoutput�le.
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