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1) Installation and Startup

1.1 Installation

DINO is distributedin binaryform for severalplatformsthatcanbe downloadedrom the DINO homepage
athttp://www.dino3d.org

Linux i386 kernel2.4+,libc.s0.6
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 specialrequirementgor installation,the executablecanbe calledfrom arywhereandit does
not expectary other les.

1.2 CommandLine Arguments

Thefollowing commandine argumentsareavailable:

-debug print outlots of delugginginfo duringexecution

-help displaysusage

-log LOGFILE writesall entereccommandsnto speci edlog le. Thisdefaultsto logfile.dino
-nolog doesnotwrite alog le

-noom theobjectmenuis notdisplayed

-nostartup  thestartuple .dinorc isignored

-nostencil no attemptis madeto initialize the stencilbuffer thatis usedfor surfacesolidi cation
-nostereo  on SGI, stereads deactvated

-s SCRIPTFILE executesSCRIPTFILE immediatelyafterstartup

-f  SCRIPTFILE sameas-s,but thegfx is notupdatedduringscriptparsing

-stereo  onLinux, searche$or a stereovisual

-vidmode onSGl,useghespeci ednumberof videomodeasprintedwith -debug .

-trace all scriptlinesareechoedasthey arerun

X-toolkit parametersuchas-geometry
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1.3 Basics

Theunit usedthroughouDINO is A (10 °m).

Color canbe given eitherby a name(pre-de nedcolors are displayedwith scene showrgb ) or asa
RGBtripletin theform {r,g,b} , whereeachcolorcomponenties betweerD.0and1.0.

blectoisandmatricesarealsoentsredjsingcurI]\_/ braces:

X a b c
% y X is written as{x,y,z} % d e f E is written as{{a,b,c},{d,e,f},{g,h,i}}.
z g h i

1.4 Manual Conventions

In a Syntaxstatementseveralcharacterhiave a speciaimeaning:

CAPITAL lettersindicateplaceholders
[ squarebracletsencloseoptionalparts

| theverticalbardenotesalogical'or':

in squarebracletsthis meanoneof thesestatementsr none
in roundbracletsthis meansexactly oneof thesestatements
withoutbracletsit separatedifferentsyntayesaltogether

. ellipsisstandfor anarbitraryamountof similar statements

ThetermsSET_EXPR,MATERIAL_EXPRandRENDER_EXPRreusedo designat®neor morecomma-
separatedssignments theform of

PROPERTY1=VALUE,PROPERTY2=VALUE?2,...

wherethe availablepropertiesandpossiblevaluesareusuallydocumentedn atable.

1.5 Startup File

Uponstartupthe le .dinorc is rst lookedfor in the currentdirectoryandthenin homedirectory If it
is presentjt will be parsed. At the moment,parameterso adjustthe input device speedandanexecblock
aresupportedaswell ascommentsstartingwith #.

Speedparametersre:

mouse_rot _scale ,mouse_tra_scale ,sb rot scale ,sb _tra scale ,dials_rot _scale
dials_tra_scale

Eachspeedarametemustbefollowedby asingle oating pointnumbemwhichis usedasa multiplication
factor Defaultis 1.0for all factors.

All commandswithin the execblock areexecutedmmediatelyuponstartupandcanconsistof ary 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
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2| Shelland GUI

The shellacceptxommandsandpasseshemto the dino-engine.The shell syntaxitself is very limited, in
particularthereis nosupportfor controlloops(suchasfor orwhile ) orconditionalgsuchasif-else );
variableshowever canbede ned.

2.1 ShellNavigation

Commandsretypedinto theterminal. Keystrokesoccuringin the graphicswindow arerouteddirectly to
theterminal. Specialkeys:

! Move cursorwithin commandine
" # | Navigatethehistoryof previouscommands
DEL |Remaorescharactethecursoris positionedon
BKSPQ Remwescharactejustleft of thecursor
AK |Erasesntireline

2.2 ShellCommands

Syntax: !'SHELLCOMMAND
Abbreviationfor theshellcommandsystem (seebelow).

@
Syntax: @SCRIPTFILE

Causego speci ed SCRIPTFILE to be parsedgeachline interpretedasa command. To spreada single
commandover severallines, usethe backslashasthe last characteto protectthe following newline. The
commanddreak andpause (seebelow) areonly valid duringexecutionof a script le.

$
Syntax: $VAR

ExpandsvariableVARto its value. Charactergollowing immediatelyafterwardscannotbe oneof a-z, A-
Z or 0-9* (becausehey would be interpretedas part of the variablename). Variablescanbe nested;.e.
$$var would rst expand$var , andthentheinterpretemwouldtry to expandtheresultagainasavariable.

Il
Syntax: // COMMENT
Ignorestherestof theline upto anewline, allowing commentgo be addedo scripts.

\
Syntax: \X
ProtectscharacteiX from beinginterpretede.g.anewline in a script,a dollar sign, bracletsor quotes.

1systemcall isalnum()
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I

Syntax: [SUBCOMMAND]

Allows nestedcommands. The squarebraclets are part of the syntax! The expressioncontainedin

SUBCOMMAN® rst evaluatedasa commandby itself, andthen,if no erroroccurredtheresultreplaces
the[SUBCOMMANDxpression.This canbearbitrarily nested Especiallyusefulin combinatiorwith the
echo commandg.gprinting the currentvalueof the globaltransformation:

echo [scene get rtc]

Syntax: COMMAND]1 COMMAND2
The semicoloncanbe usedto seperaténdividual commandshatappeaion thesamdine.

alias
Syntax: alias ABBR EXPR

Setsanalias,with the effect thatif ABBRappearsasthe rst wordin acommandit is replacedoy EXPR
ABBRmustbe a singleword, EXPRcanbe several words. The resultingEXPR is not parsedfor aliases
again.

break
Syntax: break
Stopsscriptexecutionandreturnsto the caller Hasno effectinteractively.

cd
Syntax: cd PATH

Changeghe working directoryto PATH If PATHis omitted the directory is resetto the initial startup
directory

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

PrintsEXPRESSIONevaluatingall subcommandandexpandingall variablesrst. Outputcanbeoption-
ally redirected> FILE ) orappended>> FILE )toa le.

exit
Syntax: exit
Seequit.

pause
Syntax: pause

Halts script executionuntil a key is pressed.If the key is ESG scriptexecutionwill be aborted. Hasno
effectinteractiely.

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
ExecuteEEXPRasa shellcommandandreturnsafterit hascompleted.

unalias
Syntax: unalias ABBR

Remoresthealiasentryfor ABBR(seealsoalias above).

unset
Syntax: unset VAR
RemoresthevariableVAR (seealsoset above).

var
Syntax: var
Listsall currentlyde ned variableswith their values.

Variables ‘
PI 3.14159
. (mame=ALA, CYS, ASP, GLU, PHE, GLY, HIS, ILE, LYS,

protein 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)

basic? ((rmame=LYS and aname=NZ) or (rname=ARG and
aname=NH1,NH2))

acidic (rname=ASP,GLU)

acidic2 ((rmame=GLU and aname=0OE1,0E2) or (rname=ASP and
aname=0D1,0D2))

polar (rmame=SER,THR,TYR,HIS,CYS,ASN,GL N)
((rmame=SER and aname=0G) or (rname=THR and aname=0G1)
or (rname=TYR and aname=0OH) or (rmname=HIS and

polar2 aname=ND1,NE2) or (rname=CYS and aname=SG) or
(rname=ASN and aname=OD1,ND1) or (rname=GLN and
aname=0OE1,NE1) or (rmame=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

Page9




Dino RefeenceManual 2.3ShellandGUI - ShellRPN calculator

2.3 Shell RPN calculator

The shellimplementsa RPN calculator: valuesare pushedonto a stack,and operatorsare appliedto the
stackto yield results:

clear
Syntax: clear
Remaesall entriesfrom the RPN stack.

dup
Syntax: dup
DuplicateshetopmostRPN stackentry,

opr
Syntax: opr OP1 [OP2 ..]
Appliesoneor sereraloperatordo the RPN stack.Seetable2.2 onthenext pagefor alist of all operators.

peek
Syntax: peek
Returnghetopmostvaluefrom the RPN stackwithoutremoving it.

pop
Syntax: pop [VAR [VAR2 .

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

push
Syntax: push W1[W2 ..]
Pushesll words(from left to right) ontothe RPN stack,therightmostword will beontop.

show
Syntax: show
Lists the currentRPN stackontheterminal.

swap
Syntax: swap
Swapsthetwo topmostentrieson the RPN stack.

Examplecalculate(2+3)*4:

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

+- changeghesignon scalarselementof vectoror matrix SVM

inc.  dec i(;]r::ereasesr,esp.decreasescalarelementS)f vectoror matrix by SUM

abs returnabsoluteof scalaror lengthof vector SV

inv inverse S

log, In, qalculateshe decimalrespnaturallogarithm,exponentialfunc- S

exp, sqrt tion or squareroot

sin,  cos,

tan, asin, trigonometricfunctions S

acos, atan

int, float returnstheintegerpartor oat, or forcesreturnof oat S

det returnsdeterminanbf matrix, invalid for scalarandvector S

binary operators valid type$

, - %ﬁ:ﬁigﬁ;'eorg s:tci subtraction vectorsand matricesmusthave SSVW MM

* multiplicationor scalarmproduct SS SV SM WV
VM MM

/ simpledivision SSSV SM

pow power of x (1stposition)to y (2ndposition) S

X calculatesrossproductbetweertwo vectors \AY

special valid types

dist calculateglistancebetweertwo vectors A%,

angle calculatesanglebetweertwo linesformedby threevectors VVV

torsion calculatedorsionasde ned by four vectors VVVV

Requiresa directionvectorV anda scalarvalue S, returnsthe

rotationmatrix of a S degreerotationaroundaxisV wv

rmat

X S:scalarV: vector M: matrix

Table2.2: ShellRPN StackOperators

Pagell



Dino RefeenceManual 2.4ShellandGUI - GUI

2.4 GUI

All keypresse®ccuringin the graphicswindow arerouteddirectly to the DINO shellpromptandappear
thereasif typedinto theterminalwindow directly.

Thefollowing input devicesareavailable,if installed:

mouse
dialbox

spaceball

Thetransformationsausedy theseinputdevicesareperdefaultroutedto thescenemodifyingthecamera
view. Thedatasetommandyrab (seesectiord.3.1onpage24)canbeusedo re-routethetransformations
to adataset.

For eachof theseinput devices, thereis a specialvariantthat is namedin the sameway, but with a 2
appendedmouse?, dialbox2 andspaceball2 . These*2 variantsspecifytheinput device together
with the Ctrl modi er key: If for examplethe mouseis transforminga datase{(throughthe useof grab
mouse), pressingCtrl and moving the mousewill still causethe cameraview to be updated(because
mouse?2 is still boundto thescene).

Mouse Clicking? theleft mousebuttonin the graphicswindow hasthe following effects:

1. A line L is constructedhat is perpendiculato the xy planeand goesthroughthe currentmouse
position. Themiddle point of the intersectiorof line L with the nearandfar clipping planeis stored
in thevariableCP (for currentpoint)

2. Of all atomsof showncoordinateobjectsthatarewithin 0.2A of line L andthatarebetweerthenear
andfar clipping plane,the oneclosestto the nearclipping planeis selectecandthe following things
happen:

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

(b) its positionis pushedntothe scenestackand storedin the variableCP (therebyoverridingthe
interpolatedpoint describechbore)

(c) its nameis displayedn the statusbar
(d) its labelis toggledif the shift key waspressediuringthe mouseclick

Depressinghe right mousebutton in the graphicswindow will causethe usermenuto appear Some
shortcutsareaccessiblérom there,unfortunatelynot usercustomizable.

Thetablebelaow lists the effectsof mousemovementn thegraphicswindow, dependingpon the mouse
button(s)andmodi er keys pressed.

DefaultMouselnput Settings

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)
MouseWheek Shift translatez (fast)

2time betweermousebuttonpressandrelease< 200ms
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2.4ShellandGUI - GUI

Dialbox Thetablebelow lists thesettingsof theeightdials on a standardialbox.

DefaultDialbox Settings
slabwidth slabtranslate
rotatez translatez
rotatey translatey
rotatex translatex

Spaceball A spacebaltombineghethreetranslationahndrotationalaxesinto onedevice,andhenceis
muchbettersuitedfor 3D navigationthanthe mouseor dialbox.
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3| Scene

3.1 SceneCommands

Commandsddressetb thesceneareissuedn anobject-orientednanner:Thetargetscene precedeshe
commandandits parameters:

Syntax: scene COMMANPARAMETERS

autoslab
Syntax: scene autoslab

Adjuststhe front and backclipping planeto the minimal and maximalz value of the currentlydisplayed
objects.Thecoordinate®f the objectunitswill beused notof the 3D primitives.

bench
Syntax: scene bench

Togglesbenchmarking.If on, the scenewill be continouslyupdatedand the refreshrate (in framesper
secondwill bedisplayedn thestatushar. Usefor qualitatve benchmarking.

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

Centerghe globalrotationon the coordinategprovidedby {X,Y,Z} . Predestinedor combinationwith a
nesteccommandseeshellcommandsbore) suchas:

scene center [.ds.obj]

Note: asexplainedbelow, the geometriccenterof anobjectis returnif nocommands given

get
Syntax: scene get PROP
Returngthe scenepropertyPROP (seetable3.10on pagel6).

grab
Syntax: scene grab INPUTDEVICE

GrabsINPUTDEVICE (seesection2.4 on pagel?), routingits transformationso the scenecameraUpon
startupall availableinputdevicesaregrabbedoy the scene.

hide
Syntax: scene hide
Turnsdisplayof all objectsoff.

hidecp
Syntax: scene hidecp
Hidesthemarker for the currentpositionstoredin $CP (off at startup).

message
Syntax: scene message EXPR
DisplaysEXPRIin the statusbaron the bottomof the graphicswindow.
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peek
Syntax: scene peek
Returnghetopmostscenestackentrywithoutremoving it.

pop
Syntax: scene pop
Returnsandremovesthetopmostscenestackentry.

push
Syntax: scene push W1 [W2 ..]
Pushesll following words(from left to right) ontothe scenestack.

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

Resetdhe sceneransformation.If no additionalkeyword is provided, everythingis reset,otherwiseonly
thespeci edcomponents:

rot Therotationmatrixis setto identity
trans Thetranslationvectoris setto {0,0,-100}
cent Thecenterof rotationis setto the origin {0,0,0}

clip thenearclipping planeis setto 1.0,thefar clipping planeto 1000.0.

rotm
Syntax: scene rotm MATRIX
Multiplies thesupplied3x3 MATRIX to thecurrentrotationmatrix. This matrixis not checledfor validity.

rotx roty rotz
Syntax: scene (rotx | roty | rotz) ANGLE
Rotateghe scenearoundoneof themajoraxisby ANGLEdegrees.

set
Syntax: scene set SET_EXPR
Setsoneor morescenepropertiegseetable3.1onthenext page).

show
Syntax: scene show
Turnsdisplayof all objectson. Thisis the default.

showcp
Syntax: scene showcp
Displaysa marker for the positionstoredin $CP (seealsosection2.4 on pagel?).

showrgb
Syntax: scene showrgbh [EXP]

If EXPis omitted, lists all symbolic color namesandtheir associatedRGB values. Otherwiselists only
thosecolorsthatincludeEXPin theirname.

spin
Syntax: scene spin

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

Togglesstereodisplay usingsplit screenon andoff. The orientationis determineday the sceneproperty
splitmode : O (default)is straight,1 is cross-ge. During split screermode,scene write  (seebelow)
will actuallygeneratea steredmageasseenonthescreen.

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

Toggleshardware stereoon andoff. This commandhasbeenaliasedso scene canbe omitted. This is
currentlyonly supportedn equippedSGl systemsandsomelinux hardware. The availability of hardware
stereamodewill bereportedduringstartup(seealsothe startupparametergbove).

transm
Syntax: scene transm VECTOR
Addsthesupplied/VECTOR to the currenttranslationvector

transx transy transz
Syntax: scene (transx | transy | transz) VALUE
Translate$/ALUE A alongoneof themajoraxis.

Property ‘ Description type ‘ default ‘
bg Backgroundtolor color black
center Centerof rotation position {{0,0,0}
depthc If true,deptheffectwith fog is enabled ag false
dither If true,ditherscolorson displayswith lessthan24 bitdepth | ag false
eyedist | Eyedistancésteregparameter) oat 150
far Distanceof far clipping planefrom obsener oat 400
fixz If true, clipping planesmove alongz-translation ag true
fogc Fog color color black
fogm Fogmode,oneof linear , exp orexp2 ag linear
fogd Fog distancdor modesexp andexp2 oat 1.0
fogo Fog offsetfrom far clipping planefor modelinear oat 25.0
fov Field of View Angle of perspectie projection oat 0
mmat Modelview, includesrotationandtranslation 4x4 mat
near Distanceof nearclipping planefrom obsener oat 10
rot Rotationmatrix 3x3mat |identity
rtc Rotation,TranslationandCenterof Rotationin one 4x4 mat
slabw Width of slab(equalsfar-near) oat 390
splitmode Det_ermim_esviewing mode for split screenstereo, 0 is int 0
straight,1 is cross-ge
trans Translationvector vector {0,0,-100}
view view mode,oneof center ,left orright mode center

Table3.1: SceneProperties
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Dino RefeenceManual 3.3Scene Lighting

3.2 Lighting

Initially, only onelightsourcds on(number0). Therearesix morethatcanbeused.In thesyntaxstatements
below, LIGHT standdor scene:light N, whereN rangedromOto 7.

on
Syntax: LIGHT on
Turnsthe speci edlightsourceon.

off
Syntax: LIGHT off
Turnsthe speci ed lightsourceoff.

get
Syntax: LIGHT get PROP
Retrievesalight property(seetable3.2 onthe next page).

set
Syntax: LIGHT set SET_EXPR
Setsoneor morelight propertiegseetable3.2 onthefollowing page).

show
Syntax: LIGHT show
Displaysall propertieof this light.

3.3 Additional Clipping Planes

In additionto the front andbackclipping plane,six additionalclipping planesin arbitrarypositioncanbe
speci ed. In the syntaxstatementseloy, CLIP standdor scene:clip N, whereN rangedrom O to 5.

on
Syntax: CLIP on
Turnsspeci ed clipping planeon.

off
Syntax: CLIP off
Turnsspeci ed clipping planeoff.

set
Syntax: CLIP set PROP1[,PROP2 ..]
Setson or moreclipping planepropertieqseettable3.2 onthe next page).

get
Syntax: CLIP get PROP
Retrievesa clipping planeproperty(seetable3.2 on thefollowing page).

grab
Syntax: CLIP grab INPUTDEVICE
Routesall transformationgrom INPUTDEVICE to speci edclipping plane.
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Propert Description default default
perty P lightO other
Light Properties ‘
on or off ag to turnthelight on or off on off
global or | ag to seteithera local lightsource( x ed positionin scene)or
. ) : global global
local globallightsource(will move alongwith camera)
4 dimensionalvectorin the form {x,y,z,w}. For w=0, {x,y,z}
pos de nesadirectionvector mimicking anin nite lightsourceFor|{.1,.2,1,0}/{0,0,1,0}
w6 0; {X,y,z} denotes positionin space.
amb Amb|entllght|ng contribution, eithera grayscalevalueor anrgb 0.05 0.0
triplet{r,g,b}, valuerange0-1
diff Diffuselighting contribution, eithera grayscalevalueor anrgb 06 10
triplet{r,g,b}, valuerange0.0-1.0 ' '
Speculahilight contrikution, eithera grayscalevalueor anrgb
spec triplet{r,g,b}, valueange0.0-1.0 0.3 1.0
kc Constantttenuatiorfactor 1.0 1.0
ki Linearattenuatiorfactor 0.0 0.0
kq Quadraticattenuatiorfactor 0.0 0.0
spotc cS)fpf)OtIlghtcutoﬂ‘ anglefrom 0-90degreespr 180to turn spotlight 180 180
spote spotexponent 0.0 0.0
spotd spotdirection {0,0,-1} |{0,0,-1}
Clipping Plane Properties ‘
Property Description Default
pos Positionof theclipping plane {0,0,0}
dir Directionof the planenormal {0,0,1}

Table3.2: Light andClipping PlaneProperties
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4| Datasets

4.1 Concepts

4.1.1 BasicData-Units

Eachdataseis build of basicdata-uniteghat areusuallyloadedfrom an external le. Eachdata-unitis
characterizetly properties Thedatasetitself is notvisible onthescreenit isamemaory-onlyrepresentation
of thedata.To visualizethedata,objectsmustbe created.

4.1.2 Objects

Objectsarethreedimensionalepresentationgf datasetsThey areconstructedrom thedata-unitswith the
datasetommandhew (seeon page24), resultingin a collectionof 3D primitiveswhich aredisplayedin
thegraphicswindow. Objectsarecharacterizety:

Object Name A sequencedf alphanumericcharactergallowed are pretty much all charactersxcepta
blank spaceandspecialshellcharactersuchas$ // @[ ] { } ; ), mustbeuniquewithin a
dataset.

Object Type Representa speci ¢ way of corvertingandinterpretingthe structuraldata,resultingin dif-
ferentrepresentationfor the samedataset.

Selection Designates subsebf the data-unitdo beincludedin the objectconstruction.
Datasetand Object Properties Additional parametersiniqueto the dataseindobjecttype.

Render Properties Parametersffectingthedisplayof the 3D primitives.

4.1.3 AddressingDatasetsand Objects

Every datasehasa uniguename(setduringloadingor creation). Commandsddressedb the datasetre
issuedn anobject-orientednanner:

Syntax: .DS COMMANPARAMETERS

Thenameof thedatase{DS), precededvith adot, appearsrst, followedby thecommandandits parame-
ters.

Objectsarepartof the datasethey werecreatedrom andareaddresseds:
Syntax: .DS.OBJ COMMANPARAMETERS
The objectname(OBJ) is alwaysappendedo its datase{DS), separatedvith a dot.

4.1.4 Properties

Propertiesarename-aluepairscharacterizinglatasetpbjectsanddata-units.The data-unitpropertiesan
bedividedinto two classessomearecopiedfrom the dataseto the objectduring object(re-) creationand
somearesharedbetweerthedatasetaindits objects.As describedn moredetailbelow, thecommandset
andget areavailableonthedatasetindthe objectlevel to modify andretrieve properties.
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4.1.5 Selection

Selectiorcanbeappliedfor variouscommandsndallows a ltering of datasebr objectelementsto which
the speci ed commands applied. Eachelements queriedagainsthe completeselection,andonly if the
selectionholdstruethe elementis used.

A selectionis build up from individual selectionstatements;onnectedhroughbooleanoperatorspption-
ally employing parenthesiso group statementsPossiblebooleanoperatorsareand, or (bothbinary)as
well asnot (unary). Therearethreetypesof selectionstatementsproperty, within andobject explained
in moredetailbelow.

4.1.5.1 Selectionby property

Syntax: PROP OP VALUELIST

PROPis a data-unitpropertythatis valid within a selectionstatementasindicatedin the tablesfor each
dataset) OPis one of the comparisoroperatordisted belon, and VALUELIST consistsof one or more
(commaseparatedYALUEs. A VALUE:s eithera string,a numberor a numericrange(MIN:MAX. For the
stringandrangeVALUES, only the equal/ not-equaloperatorsarevalid.

The selectionstatemenis trueif the comparisorbetweerthe queriedelementpropertyandarny oneof the
listedvaluesholdstrue.

Comparison operators for selectionstatement
= (equal) = (notequal) < (smaller) <= (smalleror equal) > (larger) >= (largeror equal)

Examples:

rname=ALA,LEU,ILE
rnum=1:20,30:40 and chain=A
(rmum<50 and aname=C,N,0,CA) or (rnum=55,76,129)

4.1.5.2 Selectionwithin adistance

Syntax: DIST <> TARGETLIST

Thewithin statemenallows to selectbasedon a distanceDIST A from a TARGETLIST, which consists
of one or more (commaseparatedfARGEE. A TARGETIs eitheran pointin space- with the syntax
{x,y,z} - oranarbitraryobjectfrom anyotherdataset with thesyntax.DS.OBJ . In thelattercasethe
selectiorstatemenwill betrueif thequeriedelementalls within the speci ed distanceof anyof theobject
elements

Examples:
10 <> {0,0,0}
55 <> $CP

20 <> .myo.hem
20 <> [.myo.hem]

The differencebetweerthe lasttwo expressionss the following: without squarebraclets,the selectionis
truewithin 20A of ary elementof .myo.hem , while the squarebracletsare rst evaluatedandreturnthe
centerof gravity for the object,resultingin a sphericakelection.

4.1.5.3 Selectionbasedon other objects

Syntax: OBJLIST

This statementontainsoneor more(commaseparateddbjectnamesof the datasettself. The selectionis
trueif any dataseelementhatis queriedis containedvithin oneof the objects.
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4.1.6 Ranges
Syntax:
.DS.OBJ set OP=0V1:0V2-range prop=RP[,src=SRC][,val=RV1:RV2][,cla mp]

A rangeis usedto lineary mapone propertyonto another It is appendedo aset statementywhich must
containat leastone propertywith a value-range.The value OVfor eachobjectelementproperty OPis
determinedn thefollowing way:

1. If src isomittedor setto .DS (thedatasetheobjectbelonggo), thevalueRVof thedataseproperty
RP of the objectelements obtained Else,the valueRV of the propertyRP of the dataseSRCat the
coomdinatesof the objectelemenis obtained(if necessaryy interpolation).

2. RVis linearly mappedo OVwith thefollowing formula:

_ (RV RV

ovs=- 2
(RV2 RV1)

(OV2 OV1)+ ovi

3. If clamp wasspeci ed,OVwill beclampedo lie within OV1andOV2

Only thoseobjectelementsawill be affectedwhich OV valuelies within the speci ed rangefrom OV1to
ov2

In thetablesbelow, thesymbol in the Rangecolumndenoteghatthis propertymaybe usedasRP while
denoteghatthis propertymaybe usedasOP

4.1.7 Transformations

A datasetanbegloballytransformedvith respecto thescendandtheotherdatasets)Thistransformation
is de ned by a rotationmatrix R, a translationvectorT anda centeringvectorC. The transformations
appliedto eachobjectelementicoordinatev prior to renderingo yield thetransformecdtoordinates®:

V=R (v C)+C+T

The rotationmatrix defaultsto the identity matrix, the translationvectorto zero,andthe centeringvector
to the geometriccenterof the dataset.The datasecommandsand propertiesaffecting the transformation
aregivenin thegenericdatasetommandsectiond.3.1on page24 andin thedatasepropertytables4.4on
page30,4.7 onpage35,4.100n page38and4.13on page41.

4.2 DatabaseManager Commands

Thedatabasenanagemodulehandlegheinternaldatabaseontainingall dataset&ndtheir objects.

delete
Syntax: delete DATASET
RemoresDATASETandall its objects.Notethatthe nameof the datasets not precededvith a dot.

list
Syntax: list
Lists all loadeddataset®n theterminal.

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

Probablythe mostimportantdatabasenanagercommand.Loadsa le into the databasegreatinga nen
datasetndcorvertingthe le formatinto theinternalformat.
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Thenameof thedatasetanbespeci edwith -name , otherwisethe baseof the lename? will beused.If a
datasetbf identicalnamealreadyexists,consecutie numbersstartingfrom 2 will beappendedo thename
until a unigueoneis found; the exisiting datasetill not be overwritten. Allowed characterareA-Z, a-z,
0-9,underscor@andhyphen;othercharactersvill bereplacedwith underscore.

The le typegivenwith -type indicatesboththekind of dataseto be createdaswell asthe le format.
If this parameteis omitted, the type is guessedrom the extension. Table 4.1 on the next pagelists the
currentlysupportedle formats,their recognizedextension(s)thetypeandthekind of datasethatwill be
created NOTE: Filescompressewvith gzip (extension.gz ) areuncompressednthe y . It is not event
necessaryo appendhe.gz extensionto the lenamein theloadcommand.

Dependingonthe le type,someotherparametersanbegiven:

Filesin binaryformatmight neecdto be byte-swappedwith -swap , dependingntheprocessoarchitecture
they weregeneratean andtheprocessoarchitectureDINO is runningon. Thebyteorderof thesupported
architecturess asfollows: Big Endian: MIPS (irix), MOTOROLA (OSX), SFARC (sun),Little Endian:

INTEL (linux-i386), ALPHA (osfl). NOTE: For mostbinary formats, DINO will try to detectwether
byte-swappingis necessarysothis ag canbeommitedin mostcases.

For coordinatedatasetle formats,the parameterconn CFLAGwill determinethe connectity rules
applieduponstartup(for moredetailsseeconnectvity descriptionon p.27).

Theparameterconv is speci ¢ for UHBD potentials- it causes multiplicationof eachscalargrid value
with the scaleparametecontainedwithin theheader

new
Syntax: new TYPE [-name N]
Createsanew datasebf TYPE Thisis currentlylimited to geom. If no nameis speci ed, TYPEis used.

rename
Syntax: rename OLD NEW

RenameslataseOLDinto NEWprovidedthat NEWSs not alreadyused.Notethatthereis no dot predecing
thedatasehames.

Lstrippedof its pathandextension
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Eile Format Ext Type |Dataset| Mode

mlrrélzte)\.thankcoordmatele .pdb .ent pdb coord | asc

X-PLORV3.x coordinatefile

atb.csb.yale.edu/xplor/ Xpl xplorc coord | asc

CNSv1.0coordinatele

cns.csh.yale.edu .cnsc cnsc coord | asc

CHARMM coordinatele

yuri.harvard.edu .crd charmmc | coord | asc

MEAD coordinatéile

www.scripps.edu/bashford -par par coord | asc

SpeciaBD Trajectoryformat .bdtrj bdtrj coord | bin

GROMACScoordinatele .gro gromacs | coord | asc

electrondensityor maskfrom the CCP4suite map .copd ccpd scal bin

www.dl.ac.uk/CCP/CCP4/

X-PLORv3.x electrondensityor mask .

atb.csb.yale.edu/xplor/ Xmp - .xmap | xplorb scal bin

CNSv1.0electrondensityor mask .
.cmp .cmap cnsb scal bin

cns.csb.yale.edu

UHBD grid le

chemccab51l.ucsd.edu/uhbd.html -uhb .uhbd uhbd scal bin

CHARMM electrostatipotential

yuri.harvard.edu .cpot charmmb | scal bin
MEAD electrostatigotential .
www.scripps.edu/bashford fid .mead mead scal bin
DELPHI/INSIGHTII electrostatigotential d i delphi | bi
trantor.bioc.columbia.edu/delphi/ -gr ns elphi sca n
x ed(64°) DELPHI potential(i.e. asoutputfrom GRASP) - delphig scal bin
SPIDERscalar eld .Spi .spider scal bin
simpleDINO scalar eld .dgrd dgrid scal bin
X-PLOR v3.x electrondensityor mask(ASCII) | |
atb.csb.yale.edu/xplor/ ) xplora scal | asc
CNSv1.0electrondensityor mask(ASCII) |
cns.csh.yale.edu ) cnsa scal | asc
MSMS surface ¢ " ;
www.scripps.edu/pub/olson-web/people/ sanner face .ver msms sur asc
MSPsurface

biohedron.com .msp .vet msp surf asc
GRASPsurface ¢ bi
trantor.bioc.columbia.edu/grasp/ -grasp grasp sur n
ADS surface d £
www.embl-heidelberg.de/~gabdoull/ads/ - ads surt | asc
greyscaleTIFF image tiff topo topo | n.a.

Table4.1: Supported-ile Formatsandtheir DatasefTypes(supportedD trajectory le formatsarelisted
in table4.3 on page28)
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4.3 GenericCommands

A numberof datasecommandsapplyingto all datasetsr objectsare describechere. The speci ¢ com-
mandsareexplainedwithin therespectie datasesectionbelow.

4.3.1 Generic DatasetCommands
Ommitingacommandwill beinterpretecas.DS get center

del
Syntax: .DS del OBJ
RemaorestheobjectnamedOBJfrom the datasetNotethatthereis no dot precedinghe objectname.

X
Syntax: .DS fix
Appliesthe currenttransformatiorto the datasetthenresetghetransformatiorto identity.

get
Syntax: .DS get PROPERTY

Returnsthe speci ed datasetproperty (Seetables4.4 on page30, 4.7 on page35, 4.10 on page38
and4.13onpage4l).

grab
Syntax: .DS grab INPUTDEVICE

GrabsINPUTDEVICE (seesection2.4 on pagel?2). The transformationgeneratedy this input device
will beroutedto thedatasetUsefix to actuallyapplythetransformatiorio thedataset.

new

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

Creates new objectfrom thedatasetlf nonameis givenwith -name , thedatasehamewill beused.If an
objectwith the samenamealreadyexists, it will bedeletedrst. Theobjecttype- aspeci c wayto corvert
the datainto 3D primitives- canbe speci ed with -type . Objectpropertiesaswell asshaied data-unit
propertiescanbe assignedising-set . Finally, a subsebf the data-unitsusedfor objectcreationcanbe
selectedvith -sel

reset
Syntax: .DS reset (rot | trans | center | all)
Resetghe datasetransformationlf no parameteis given,all isimplied.

rot Therotationis setto identity.

trans Thetranslationis setto {0,0,0}

center Thecenterof rotationis setto the geometriccenterof the dataset.

restrict
Syntax: .DS restrict SELECT_EXPR

All data-unitshat do not matchthe selectioncriteriain SELECT_EXPRare agged asexcludedandare
ignoredfor all subsequentommandsThewildcard* will removeall restrictions.This commandioesnot
actcumulatively, ie therestrictionis removedprior to eachrestrictcommand.
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rotx roty rotz
Syntax: .DS (rotx | roty | rotz) ANGLE

Rotatesaroundone of the major axis by ANGLEdegrees. The major axis are orientedrelatv to the cur-
rent cameraorientation,i.e. the x, y andz axis are horizontal, vertical and perpendiculato the screen,
respectiely.

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

Setsdatasebr data-unitgpropertiegdependingpn which appeaiin SET_EXPR. A selectioncanbeadded
to specifywhich data-unitsare affected. Shaed data-units(seesection4.1.4 on pagel9 above) will be

updatedmmediatelyin all objectswhile copieddata-unitschangethedefault valuesfor subsequertbject

(re-)creations. The tablesin the speci ¢ datasetsectionsbelon containinformation aboutvalid dataset
propertieqtable4.4 on page30, table4.7 on page35, table4.100n page38 andtable4.13on page41) as

well asshaedandcopieddata-unit{table4.5on page31,table4.8 on page36, table4.11on page38 and

table4.14on page4?).

The syntaxof the selectionis givenin sectiord.1.50n page20.

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

Translateshe datase’VALUEA alongoneof the major axis. The axisarede ned in the sameway asfor
therotation(seeabove).

4.3.2 Generic Object Commands

Omitinga commandwill beinterpretecas.DS.OBJ get center

get
Syntax: .DS.OBJ get PROPERTY

Returnsthe speci ed object property (Seetables4.4 on page 30, 4.7 on page 35, 4.10 on page 38
and4.13on page4l).

hide
Syntax: .DS.OBJ hide
Theobjectwill nolongerbedisplayedn the graphicswvindow.

set

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

A very e xible andpowerful commandsetsobjectpropertiesor copieddata-unitgpropertiedependingn
whichappeain SET_EXPR. Thelattercanbesubmittedo a selectiorand/orrange.For arangestatement
to work, atleaston propertyappearingn SET_EXPRmusthave avalue-range.

Thetablesin the speci ¢ datasesectionsbelon containinformationaboutthe valid objectpropertieqta-
ble 4.4 on page30, table 4.7 on page35, table 4.10 on page38 andtable 4.13 on page41) and copied
data-unitg(table 4.5 on page31, table 4.8 on page36, table4.11 on page38 andtable4.14 on page42).
The updateof propertiesmight not take effectimmediately:someobjectpropertieswill only be evaluated
duringarenew (seebelow).

An explanationof the selectionsyntaxis given in section4.1.5on page20 and of the rangesyntaxin
section4.1.6onpage?1.

show
Syntax: .DS.OBJ show
Displayeshe objectin the graphicswindow. Perdefaultall objectsareshovn oncecreated.
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renew
Syntax: .DS.OBJ renew [-set SET_EXPR] [-sel SELECT_EXPR]

Renavs anobject. This is similar to the datasecommandnew (seeabove), exceptthatthe nameandthe
type of the objectare x edandonly new propertiesand/ora new selectioncanbe applied. Copieddata-
unit propertieswill beregeneratedrom the default values while objectpropertieswill only be modi ed if
explicitely statedin SET_EXPRIf no selectionis speci ed, the old onewill bere-appliedotherwisethe
new selectionis evaluatedreplacingtheold one.

render
Syntax: .DS.OBJ render [RENDER_EXPR]

Modi es rendermropertiecontainedn RENDER_EXPRf calledwithoutparameterghecurrentrendering
statewill berenaved.Rendempropertiesarelistedin tables4.6 onpage32,4.9onpage36,4.12onpage39
and4.150n page4?2.

material
Syntax: .DS.OBJ material MATERIAL_EXPR

Changesthe surface material of an object through material properties (table 4.2) given in
MATERIAL_EXPR affecting the interactionbetweenthe light sourceqseesection3.2 on pagel7) and
theobjects.Without MATERIAL_EXPRthe currentsettingsareshawvn.

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

Note: Thediffusematerialsettingis determinedy thecolor.

Property | Description ‘

amb Ambientlight, eithera scalaror explicit color {r,g,b}
spec Speculahilights, eithera scalaror explicit color{r,g,b}
shin Shininessintegervalue1-128

emm Emmissiongithera scalarof explicit rgb color {r,g,b}

Table4.2: Material Properties
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4.4 Coordinate Dataset

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

4.4.1 BasicData-Unit

Thecoordinatedatasehasindividual atomsasits basicdata-unit.In addition,it containgheir organization
in themoleculararchitectureandoptionally severalconformations.

4.4.2 Object Types

connect All selectechtomsare connectedy bondsbasedon their chemicalconnectvity. Two atomsare
connectedf they full ll oneof thecriterialisted belon. Theserulesareappliedper default for the
databasenanageccommandoad andthe datasectommandreconnect . To changethis default
behaiour, a ag canbe passedo thesecommandsjndicatingwhich rulesareto be applied. The
necessaryaluecanbeobtainedby addingthe desiredag numbergyivenaftertherules.

1. Both atoms(de ned by atomandresiduename)arepresentandconnectedn theinternalcon-
nectvity table(de ned for the standard20 aminoand5 nucleicacids)- a g 0x1

2. The two atomswere explicitely connectedn the le (e.g. with a CONECT card) or by a
connect command ag0x2

3. If oneor both of the atomsis not presentin the internal connectvity table, both atomsare
connectedf their distancds lessthanhalf the sumof their vanderWaalsradii - a g 0x4

trace All selectedesiduesaresequentialliconnectedy their centralatom(CA for proteins,P for nucleic
acids)if
1. Theirresiduenumbersarecontinuougn andn+1)
2. They belongto the samechainandmodel.

Theselectablgropertiesarelistedin table4.5on page31 undercolumnL.

4.4.3 DatasetCommands

For thegenericcommanddlel , fix , get , grab , new, reset , restrict ,rot ,set ,andtrans see
section4.3.1onpage24. Speci ¢ coordinatedatasetommandgollow:

connect
Syntax: .DS connect ATOMATOM
Addsacovalentbondbetweerthetwo atoms.Thesyntaxfor ATOMs describedn sectiord.4.50n page?9.

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

Loadsa trajectory le asanaddonto the structure. The numberof atomsin eachtrajectoryframe must
matchthe numberof atomsin the dataset.The le type canbe explicitely setwith -type , otherwiseit
is guessedrom the le extension.Thetablebelow lists the supportedrajectoryformats. All of theseare
binary, but DINO detectdifferentendianesandperformsbyte-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]

Commencegrajectoryplaying,goingfrom frameBEGto frameEND(defaultall) in stepsof STEP (default
1), waiting WAIT cycles betweeneachstep (default 0), addinga delay of DEL cyclesat the end before
continuing(default0). MODEs oneof loop (default,atENDjumpto BEGafter DEL cycles),rock (going
backandforth) or single  (stop after one pass). The frame updatesare implementedvery ef ciently
with a singlecopy of a memoryareacontainingthe nen coordinatedor the atoms. Thisis ne for object
typessimple andcpk , but objecttypecustom requiressomemorecalculationsandthedataseproperty
tfast shouldbesetto falseto ensureproperrendering(seetable4.4 on page30).

reconnect
Syntax: .DS reconnect CFLAG

Rerunsconnectity algorithm,usingconnectvity rulesdescribedabove (p.4.4.2).CFLAGdefaultsto 7, ie
applyingall threeconnectvity rules.

step
Syntax: .DS step [N]
Jumpsto thenext or +N trajectorystep.

stop
Syntax: .DS stop
Haltsaplayingtrajectoryandresetghe currentframeto 1.

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

Writesall unrestrictedatomsof thedataseinto a le. Theformatcanbeexplicitely setwith -type , other
wiseit is guessedrom the extension.Thetablebelow lists the supportedormatsandtheir corresponding
typeandextension.

type ‘ ext ‘ format

pdb .pdb | PDB coordinatele

cns xplorc |.xpl |CNS/X-PLORcoordinatele
charmmc .crd |CHARMM coordinatele

4.4.4 Object Commands

Forthegenericcommandget , hide , show, set ,renew ,render ,andmaterial seesectiord.3.20n
page25. Speci ¢ coordinateobjectcommandsgollow:

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

In mostrespectsdenticalto the datasecommandarite  (seeabove), exceptthatall atomsin the object
arewritten out.

4.4.5 Individual atoms

Individual atomsareaddresseds
Syntax: .DS:ATOM COMMANPARAMETERS
whereATOMSs oneof:

[MODEL.][CHAIN.JRESIDUE-NUMBER.ATOM-N AME
#NUMBER

MODELlandCHAIN areonly requiredif the datasetontainsseveralmodelsand/orchains.NUMBERs the
unigueatomnumberreadfrom the le. Chainandatomnamearecasesensitve.

Ommitingacommandwill beinterpretecas.DS:ATOM get xyz

get
Syntax: .DS:ATOM get PROP

Retrieves atom property (seetable 4.5 on page31). Especiallyusefull after clicking on an atom, asits
individual atomcodeis thenstoredin the shellvariable$CS.

4.4.6 Dataset,Object and Data-Unit Properties

Tables4.4 on the next pageand4.5 on page31 list all the datasetpbjectanddata-unitpropertieshatare
accessiblavith the dataseandobjectcommandset and/orget , aswell asavailableduring selectionor
rangestatements.

4.4.7 RenderModesand Properties

Renderingpropertiesmentionedbelown (in typewriter font) for coordinateobjectsare listed in ta-
ble 4.6 on page32.

Object type connect:

simple (default) Bondsaredrawn aslinesof width lw , coloreddependingon both atomsthey connect.
Non-bondedaitomsaredisplayedaslittle crosses.

cpk Atomsaredisplayedas(hollow) spheresvith theirvanderWaalsradius.Thecircularsubdvisionsof
the spheresrecontrolledby detail

custom Bondsaredrawn ascylindersof width bw, coloreddependingonthe atomsthey connect Atoms
aredrawvn asspheref radiussr . Circularsubdvisionsof the cylindersandspheresrecontrolled
by detail
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Object type trace:

simple (default) Sameasfor typeconnect .

custom Sameasfor typeconnect .

sline

tube

hsc

Smoothedplinewith splines  subdiisionspassingexactlythroughthebackbonesentersgdravn
aslines with width Iw . The coloring is either smoothlyinterpolatedalongthe spline sggmentsor
changedabruptly(intpol ).

As sline , but a hollow tubeis drawn, with the diametertubew . If the ag userad is set,the
diameteris multiplied with the radiusof the centralbackboneatom (CA for proteins,P for nucleic
acids).Theaxial ratio of thetubecanbe modi ed with tuber . Theamountof circularsubdvisions
is setwith detail

Similar to sline , displayingsecondarystructurecartoonfor proteinsand nucleic acids. Protein

tracesare renderedaccordingto their residuetype (seetable 4.5 on the following page),with type

coil displayedasa hollow tubeof diametetubew andaxialrationof tuber , typehelixdisplayedas

a smoothhelix with width helixw andthicknesshelixt , andtype strand displayedasa pointed

arronv with width strandw , thicknessstrandt  andrelative arrow sizearrowt . Nucleic acid

tracesare composedf a splinerunningthroughthe C3' positionsof the sugarunits (displayedas

atubewith diametertubew andaxial ratio tuber ) andoneof two differentsugarbaserepresen-
tations: either(nam=0) asa schematisugarpurin or sugarpyrimidine representatiofof thickness
sugart andbaset ) or (ham=1) asa hollow tube(of diameterbw) pointingtowardsthetip of the

base Theamountof circularsubdvisionsis setwith detail

Property ‘ S‘ G‘ Description

DatasetProperties

cell Crystallographianit cell

center Geometriccenterof dataset

frame Currentframenumber(for trajectories)

rcen Centerof rotation,defaultis the geometriccenter

rot 3x3rotationmatrix, defaultis identity

e ax4 (;ompactmatrix containingrotation, translationand centerof
rotation
selectionmode,canbe eitheratom (default) or residue , in the

smode latter casethe completeresiduewill be selectedf oneof its atoms
ful lls theselectioncriteria

tfast Flag for fasttrajectoryu_pdatg(default tru_e). Disablewhenusing
rendemodecustom with trajectoryplaying

trans Translationvector, defaultis {0,0,0}

ObjectProperties

center ‘ ‘ ‘ Geometriccenterof object

S Propertycanbe modi ed with set
G: Propertycanbeobtainedwith get

Table4.4: CoordinateDataseandObjectProperties
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Property ‘S ‘G ‘ L ‘R ‘Description

data-unitpropertiessharedbetweendatasetand objects

aname Nameof atom

anum Continuoushumberof atom

bfac Crystallographicemperaturéactorof atom

chain Chainname

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

ele Chemicalelementsymbolof atom

model Model numberif coordinateseadfrom a multi model le

rname Nameof theresidue

rnum Numberof residuein thechain

rtype Re;iduetype, indicatessecor_ldar)structureconfqrmationthis
residuebelonggo. Oneof helix , strand or coll

weight Weightor crystallographioccupang of atom

Xyz Atom positionas{x,y,z}

X x coordinateof atomposition

y y coordinateof atomposition

z z coordinateof atomposition

data-unit propertiescopiedfrom dataseto objecttypeconnect

color Colorof atom

vdwr VanderWaalsradiusof atom

data-unit propertiescopiedfrom dataseto objecttypetrace
Color of central atom, upon setting will override colorl ,

color color2 andcolor3

Color of the phosphatdackbonédor nucleicacidshsc render
colorl )

ing mode
color2 Color of thesugarunit for nucleicacidshsc renderingmode
color3 Color of thebaseunit for nucleicacidshsc renderingmode
rad Radiusin A of thetubein the equallynamedrenderingmode

SPropertycanbe modi ed with set

G Propertycanberetrievedwith get

L Propertycanbe usedin a selectionstatement

R Propertycanbeusedin arangestatemenafter-range ( ) or asthepropertyto beset( )

Table4.5: CoordinateData-UnitProperties
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Property Description Default
arrowt 1.0+arrowt s ratio of arron width to strandwidth 0.0
baset thicknessn A of nucleicacidbasein hsc mode 0.5
bw bondwidth in A for modecustom 0.2
cull ag to turnculling on or off 1 (on)
ggg:l numberof subdvisionsfor cylindersand spheresn modes 3
cpk , custom , tube andhsc
Zre)lt';ifzs numberqf interpolationstepsin spline, usedfor rendering 6
modessline ,tube andhsc
fast mode:speedsip renderingwith alossof quality, oppositeof | inactive
nice
helixt thicknessn A of alphahelix in hsc mode 0.3
helixw width in A of alphahelix in hsc mode 1.0
intpol ag to turn color interpolationon or off for modessline |1 (on)
tube andhsc
Iw line width in pixels for modessimple andsline , frac-{1.0
tional valuesaresupportecbn somegraphicsystems
nam nucleicacidrenderingmethod:0 or 1 0
nice mode: increasegraphicalquality with a decreasén speed, active
oppositef fast
sr sphereradiusin A for modecustom 0.2
stipple ag to turnstipplingon or off 0 (off)
stipplei lengthof stipplesegmentin A 0.7
stippleo lengthof stipplegapin A 0.3
strandm betastrandrenderingmethod:0 or 1 0
strandt thicknessn A of betastrandin hsc mode 0.3
strandw widthin A of betastrandin hsc mode 1.2
sugart thicknessn A of nucleicacidsugarin hsc mode 0.5
t transpareng 1.0is fully opaque.0is fully transparent | 1.0
tuber axial ratio of tubefor modesube andhsc 1.0
tubew diametermf tubefor renderingnodestube andhsc 0.4
userad ag to indicatethat the atomradiusis multiplied with the| off
segmentradiusfor modetube

Table4.6: CoordinateObjectRendeiModesandProperties
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4.5 ScalarField Dataset

4.5.1 BasicData-Unit

The scalar eld dataseis build up from individual grid points,eachdescribedoy a pointin spaceanda
(scalar)value.

4.5.2 Object types

In contrastto the coordinatedatasetthe objectsof the scalar eld datasetare muchmorein uenced by
objectproperties:

contour Iso-contouredsurfaceat avalueof level . Theobjectis centerecon center , with dimension
size . Thecolorof eachcontourvertex is setwith propertycolor

grid All scalarvalueson speci edgrid (de ned by center , size andstep ) aredisplayedaspointsor
spheregseealsorenderingmodesbelow). Thecolorandradiusof the spherecanbe modi ed with
thecommandset .

slab Planarslab- de ned by dir andcenter - cutting throughgrid volume. The smallestrectangle
that encompassethe intersectionbetweenplane and volume is constructedand subdvided into
size x size points. The color of eachpoint within the slab canbe setwith the color prop-
erty.

45.3 DatasetCommands

For genericcommandsdel , fix , get, grab , new, reset , restrict , rot , set , andtrans
seed.3.1onpage?4. Speci c scalar eld datasetommandgollow:
add

Syntax: .DS add .DS2
Addsscalarvaluesfrom DS2to DS Thetwo gridsmusthave equaldimensions.

mul
Syntax: .DS mul .DS2
Multiply scalarvaluesfrom DS2with DS Thetwo gridsmusthave equaldimensions.

sub
Syntax: .DS sub .DS2
Subtractcalarvaluesof DS2from DS Thetwo grids musthave equaldimensions.

4.5.4 Object Commands

For the genericcommandsget , hide , show, set , renew, render , and material see4.3.20n
page25. Thereareno scalar eld speci c objectcommands.

4.5.5 Dataset,Object and Data-Unit Properties

Tables4.7 on page35 and4.8 on page36 list all the datasetpbjectanddata-unitpropertieshatareacces-
siblewith thedataseandobjectcommandset and/orget , aswell asavailableduringselectionor range
statements.
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4.5.6 RenderModesand Properties

Therendemropertieqin typewriter font) mentionedbelow arelistedin table4.9 on page36.

Object type contour:

dots Only the pointson the unit cell edgescorrespondingo the iso-contourvalue,aredisplayedwith a
sizeof ps.

lines (default) Thepointsontheunit cell edgesareconnectedvith linesof width Iw .

Il A continuoussurface lit from bothsides.

Object type grid:

on The grid points are shavn as spheresthe radius dependingon the data-unitpropertyrad (seeta-
ble 4.80on page36).

off (default) Thegrid pointsareshavn aspointsof sizeps.

Object type slab: none

Page34



Dino RefeenceManual 4.5 Datasets ScalarField Dataset

‘ Property ‘ S‘ G‘ Description

DatasetProperties

{u,v,w} Returnsscalarvalueat speci edgrid position

center Geometriccenterof dataset

edge Scalarvalueto usefor areasoutsidegrid, default 0.0

rcen Centerof rotation,defaultis thegeometriccenter

rot 3x3 rotationmatrix, defaultis identity

rtc 4x4 compactrotation,translatiorandcentermmatrix

scale Additionalfactormultiplied with the unit cell axis,defaultis 1.0
trans Translationvector, defaultis {0,0,0}

vm & ve scalarvalueat eachgrid pointis (vm*VAL+vc) - defaultfor vm

is1.0,for vc 0.0

ObjectPropertiesfor typecontour

center Centerof object,defaultis thegeometriccenter
De nesthecontourlevel, if theletters is appendedhevalueis
level interpretedasstandardieviation units. Thedefault valueis 1.0s
for le formatsCCP4,XPLORandCNS,0.0for all others.
size Size ir_1 grid-units, ei_thera s_ingle numberfor a (_:ubic extension
or atriplet {usize,vsize,wsize} , defaultis 30
step Stepsizealongthe grid units, defaultis 1 notyetimplemented

ObjectPropertiesfor typegrid

center Centerof object,defaultis thegeometriccenter

size Sizein grid-units, eithera single numberfor a cubic extension
or atriplet {usize,vsize,wsize} , default30

step Stepsizealongthegrid units,defaultis 1

ObjectPropertiesfor typeslab

center Centerof plane,defaultis {0,0,0}
dir Directionof planenormal,defaultis {0,0,1}

Dimensionof the internaltexture mappedonto the rectangular
size plane,defaultis 64 - mustbe oneof 8, 16, 32, 64, 128,256 or

512

S Propertycanbe modi ed with set
G: Propertycanbe obtainedwith get

Table4.7: ScalarField DatasetndObjectProperties
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Property ‘S‘ G‘ L ‘ R ‘ Description

data-unit propertiessharedbetweendatasetand objects

v Scalarvalue
X x coordinateof grid point
y y coordinateof grid point
z z coordinateof grid point
dist distancefrom currentcenterof rotation
data-unit propertiescopiedfrom dataseto objecttypecontour
color ‘ ‘ ‘ ‘ ‘ Color of vertex
data-unit propertiescopiedfrom dataseto objecttypegrid
color Color of grid point
rad Radiusin A of spheres

data-unit propertiescopiedfrom dataseto objecttypeslab

Color of eachpoint on rectanglede ned by theintersection
of theslabwith thescalareld volume

color

S Propertycanbe modi ed with set

G: Propertycanberetrievedwith get

L: Propertycanbeusedin a selectionstatement

R: Propertycanbeusedin arangestatemenafter-range ( ) or asthepropertyto beset( )

Table4.8: ScalarField Data-UnitProperties

Property Description Default
RenderProperties

ps Pointsizefor rendermodedots,objecttype contour 1.0

Iw Line width for rendemrmodelines, objecttype contour 1.0

t transparengfor objecttypescontourandslab 0.7

Table4.9: ScalarField ObjectRendeModesandProperties
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4.6 SurfaceDataset

4.6.1 BasicData-Unit

Thisdatasehasa surfacepointasits basicdata-uniteachcharacterizethy avertex, anormalandoptionally
someattributes. It alsocontainsa list of point tripletswhich togetherform atriangleface. Thefaceshave
aninside andan outside,de ned by the direction of the surfacenormal andthe orientationof the three
vertices.

4.6.2 Object Types

Thesurfacedatasehasonly the default objecttype.

4.6.3 DatasetCommands

For the genericcommanddel , fix , get , grab , new, reset , restrict , rot , set , andtrans
seed.3.1on page24. Specialsurfacedatasetommandsollow:

attach

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

Attachesatomicinformationof a coordinatedataseto the surface:For eachsurfacepoint, the atomof the
coordinatedatasetCOORDwill beassignedo it - usingthefollowing rules:

1. Theatomis unrestrictedsee4.3.10n page24)

2. It is closerin spacethanary otheratombut notfartheraway thanDIST A (default3A).

If noatomful lls theabove criteria, the assignmenis not modi ed; asa result,multiple attachmentom-
mandsare cumulative, and it shouldbe notedthat mixing differentcoordinatedatasetst possible. The
assignementareremovedby specifyingthe parametenone insteadof a coordinatedataset.

As aconsequencef theattachmentthe propertieof eachsurfacepointareextendedo containits attached
atompropertieswhichin turn maybe usedfor selectiorandrangestatements.

4.6.4 Object Commands

For the genericcommandgget , hide , show, set , renew, render , andmaterial see4.3.2on
page25. Speci ¢ surfaceobjectcommanddgollow:

reverse
Syntax: .DS.OBJ reverse
Inversesll surfacenormals.As a consequencénsideandoutsidefor this surfaceobjectareswapped.

4.6.5 Dataset,Object and Data-Unit Properties

Tables4.10onthefollowing pageand4.11onthenext pagelist all the datasetpbjectanddata-unitproper
tiesthatareaccessiblavith the dataseandobjectcommandset and/orget , aswell asavailableduring
selectionor rangestatementsNote thatfor attachedsurfacedatasetsthe selectablgropertiesof the coor
dinatedata-unitsarealsoavailable(table4.5).
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Property ‘ S‘ G ‘ Description

DatasetProperties

center Geometriaccenterof dataset

rcen Centerof rotation,defaultis the geometriccenter
rot 3x3rotationmatrix, defaultis identity

rtc 4x4 compactrotation,translationandcentermatrix
smode Selectiormode,canbeeitherany (default)or all
trans Translationvector, defaultis {0,0,0}
ObjectProperties

center ‘ ‘ ‘ Geometriacenterof object

S Propertycanbe modi ed with set
G: Propertycanbe obtainedwith get

Table4.10: SurfaceDatasetandObjectProperties

Property ‘ S‘ G ‘ L ‘ R ‘ Description

data-unitpropertiessharedbetweendatasetand objects

X X coordinateof surfacepoint
y Y coordinateof surfacepoint
z Z coordinateof surfacepoint

All shared coordinatedatas-unipropertieqtable4.5on page31)
canbeusedwith anattachedsurface.

data-unitpropertiescopiedfrom dataseto object
color ‘ ‘ ‘ ‘ ‘Colorofsurfacepoint

special

S Propertycanbe modi ed with set

G: Propertycanberetrievedwith get

L: Propertycanbeusedin a selectionstatement

R: Propertycanbeusedin arangestatemenafter-range ( ) or asthepropertyto beset( )

Table4.11: SurfaceData-UnitProperties
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4.6 Datasets SurfaceDataset

4.6.6 RenderModesand Properties

Therendemropertieqin typewriter

[l (default) Thefacesarerendereds lled andlit triangles.

lines Only theoutlinesof thetriangularfacesaredravn aslinesof width Iw .

dots Only theverticesaredraw aspointsof sizeps.

font) mentionedbelow arelistedin table4.9 on page36.

Property Description Default

I?ghtl Mode that determineswe_thert_he surfaceis lit on the outside, light1

light2 (lightl ) orfrom bothsides(light2 ).

Iw Linewidth for renderingmodeline 1.0

ps Pointsizefor renderingnodedots 1.0

solid Fla_g thatdeter_mingyv_etherthe_surfac_eis consideredsolid, in false
which casetheinterioris lled with solidc

solidc Color of solidinterior {1,1,1}

t transpareng 1.0is fully opaque.0is fully transparent 1.0

Table4.12: SurfaceObjectRendeModesandProperties
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4.7 TopographDataset

4.7.1 BasicData-Unit

Thetopographdatasetonsistof atwo dimensionatectangulagrid (dimensionai x v), with ascalaheight
valueat eachgrid-point. Therectangulagrid cornersareinitially locatedat positions( 0:5 0:50) and
(0:50:50) (independenbf the numberof grid points),the initial coordinate®f the grid pointscalculated
accordingly The heightis alwaysin therangeof 0.0to 1.0,theinternalscalingdepend®n the precisionof

theinput le - for 8bit greyscalevalues thisis therangefrom 0 to 255.

Eachgrid pointis assigneda 3D position: x- andy-coordinateareobtainedfrom theinitial positionon the
grid multiplied with scalexy , thez-coordinateequalsthe heightmultiplied with scalez

4.7.2 Object Types

surface Continuoussurfaceprotrudingfrom the grid plane,approximatedvith triangles,basedonthe 3D
positionof eachgrid pointandits adjacenbnes.The samplingof thegrid is controlledwith step .

contour Contourlinesatequalheightsfromlistart tolend withIstep sizedstepsprotrudingfrom
thegrid plane.The samplingof the grid is controlledwith step .

4.7.3 DatasetCommands

For the genericcommandddel , fix , get , grab , new, reset , restrict , rot , set , andtrans
seed.3.1on page24. Specialtopograprdatasetommandgollow:

attach

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

Attachesa topographdataseto a coordinatedataset.Funtionallyidenticalto the equivalentcommandof
thesurfacedatase{seepage37).

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

De nes animageto be usedasa surfacetexture. If the nameis omittedthenthe baseof the lename will
beused.

4.7.4 Object Commands

For the genericcommandsget , hide , show, set , renew, render , andmaterial see4.3.2on
page25. Speci ¢ topographobjectcommandgollow:

map
Syntax: .DS.obj map TEXNAME

Mapstexture namedTEXNAME onto surface,only valid for objecttype surface . Thetextureis mod-
ulatedwith the underlyingsurface: The color componentst eachpoint will be multiplied, andthe trans-
pareng is presered. Only onetexture canbe mappedntoasurface objectatatime.

unmap
Syntax: .DS.obj unmap
Remaoresthe currenttexturefrom the object.
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4.7.5 Dataset,Object and Data-Unit Properties

Tables4.13and4.14onthenext pagelist all thedatasetpbjectanddata-unitpropertieghatareaccessible
with the datasetand objectcommandsset and/orget , aswell as available during selectionor range
statementsNotethatfor attachedopographdatasetsthe selectablgropertiesof the coordinatedata-units
arealsoavailable(table4.5).

4.7.6 RenderModesand Properties

Object type surface:

[l (default) Thefacesarerendereds lled andlit triangles.
lines Only theoutlinesof thetriangularfacesaredrawvn aslinesof width Iw .

dots Only theverticesaredraw aspointsof sizeps.

Object type contour:

lines (default) Thecontourlinesaredisplayedwith awidth of Iw .

dots Only theendpointof thelinesaredisplayedwith asizeof ps.

Property S G |Description

DatasetProperties

center Centerof rotation,defaultis the geometriccenter
rot 3x3rotationmatrix, defaultis identity

rtc 4x4 compactrotation,translationrandcentermatrix
scalexy Scalingfactorin xy plane

scalez Scalingfactorin z

trans Translationvector, defaultis {0,0,0}
ObjectPropertiesfor typesurface

center Geometriccenterof object

step

ObjectPropertiesfor typecontour

center Geometriccenterof object

level Contourlevel (singlelevel contouring) rangesfrom O to 1
Istep For multi-level contouring stepsizeof contourlevels
Istart For multi-level contouring startof contourlevels
lend For multi-level contouring,endof contourlevels
step Stepsizewithin grid, defaultis 1 (every grid point)

S: Propertycanbemodi ed with set
G: Propertycanbe obtainedwith get

Table4.13: TopographDatasetaindObjectProperties
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Property S G L R |Description

data-unit propertiessharedbetweendatasetand objects
h heightbetweer0 and1

X x-coordinate

y y-coordinate

z z-coordinate

data-unit propertiescopiedfrom dataseto object

color colorasnameor rgb-triplet

S Propertycanbemodi ed with set

G Propertycanberetrievedwith get

L Propertycanbeusedin aselectionstatement
R Propertycanbeusedin arangestatement

Table4.14: TopographData-UnitProperties

RenderProperties

Property Description Default
ps Pointsizefor rendermodedots,objecttype contour 1.0

Iw Line width for rendemmodelines, objecttype contour 1.0
polyf polygon-ofsetparametefl 0

polyu polygon-ofsetparamatef 0

t transparengfor objecttypescontourandslab 1.0

Table4.15: TopographObjectRenderProperties
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4.8 Geometric Primiti ves

4.8.1 Creating datasetand object

Thisdataseprovidestheability to displayarbitrarypointsandlines. It is createdwvith thedatabasenanager
commandew:

Syntax: new -type geom [-name NAME]

If NAMEis omitted, geom is used. Thereis only one objecttype thatis againcreatedwith the dataset
commanchew:;

Syntax: .GEOM new [-name NAME]
If NAMBESs omitted,thedataset-namwill beused.

4.8.2 Adding primiti ves

An objectof ageometriadatasetanhold anarbitraryamountof primitives.

4.8.2.1 Point

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

A positionmustbe supplied a color, radiusandtransparengcanbe alsogiven.
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-positiormustbe given,color andtransparengcanalsobe set.
Example:

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

4.8.3 Other object commands

For the genericcommandgyet , hide , show, set , render , andmaterial see4.3.20on page?25.
Speci c geometricobjectcommanddgollow:

del
Syntax: .GEOM.GEOMdel SELECTION

Remorve primitivesfrom objectbasedn SELECTION This expressioris specialto the geometriadataset:
theindividual primitivesarenamedn a particularway, andSELECTION:is alist of namego beremoved.
Pointsstartwith p, lineswith | , andthenbothcarrya consecutie number

list
Syntax: .GEOM.GEOMIist
Listsall primitiveswith their namesandattributes
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4.8.4 Properties

In table4.16,0bjectandrendermpropertiesarelistedthatapplyto geometricobjects.

‘ ObjectProperties
Property | Description Default| Appliesto*
c color white all
r radius 1.0 all
t transpareng 1.0 all
RenderProperties
Property | Description Default| Appliesto*
on rendergointsassphereslinesascylinders all
off simplepointsandlines X all
detail sphericalandtubular subdvision 3 all
stipple ag to turnstipplingon or off off L
stipplei amountof visible line segment 0.2 L
stippleo amountof invisible line segment 0.2 L
tube consecutiely connectsll pointsasspline(ag) | off P
*P: points,L:lines

Table4.16: Propertieof geometricbjects
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9| Exporting the Scene

write

Exportsthe currentsceneasa PNG rasterimage,asa PostScriptle or asaPOVray scene While actually
ascene commandits aliasedsoscene canbeommitted.

5.1 Rasterimage

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

Createsarasterimagein pngformat'. The dimensionsf the of ine renderingareacanbe setwith -s : a
singlevaluedenotesa squarearea(in pixels),two numberdnterspacedvith x standfor arectangulaarea
(in pixels),anda percentagealuerefersto the correspondingelative size of the graphicswindow. The
maximumpossiblesizedepend®n the X-Windows system 2000x2000shouldwork in mostcaseslf this
optionis utilized,anof ine renderingcontext is createdandthe currentscends renderednto it, otherwise
thepixel valuesaretakendirectly form the OpenGLcontext of the gfx-window.

On OpenGLsystemssupportingaccumulatiorbuffers, the scenecanbe subjectedo sceneantialiasing:
The nal imagewill bea blendof ACCimages.Possiblevaluesfor ACCare?2,3,4,5,6,8,9,12r 16. The
higherthe numberthe betterthe nal imagewill look, but renderingtimeis increasedaccordingly

5.2 PostScript

Syntax: write  FILE.ps

Corvertsthe currentsceneinto a PostScriptle. The 3D primitives (points, lines andtriangles)are dis-
playedon the screen after transformatiorand projection- with x andy coordinatesn screerpixelsand
z coordinatenormalizedbetweerD and1. Thesetransformedrimitivesarecollected,sortedfrom backto
front andthenwritten asPostScriptlementsagainpoints,linesandtrianglesjust 2D. Severalnotevorthy
points:

1. Theresultingsceneis describedby vectorsand henceresolutionindependentbut seenote about
trianglesbelow).

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

3. Transparengis notpossiblewith PostScriptary transparentbjectwill be opaque.
4. Depthcueingdoesnotwork.

5. Postscriptrianglesareunicolored.DINO corvertsits gouraudshadedriangesnto severalunicolored
ones. This approximatiormight becomeapparenat high magni cation.

6. TheBoundingBoxis crudelysetto thethewindow dimensionsaandmight needadjustment.

7. Severalobjecttypescannotbe exported.

PostScripexport hasbeenlargely supersedetly the POVray format(seebelow).

1PNG providesanopen-sourceoyalty-free,ef cient graphicsormat. Seehttp://www.libpng.org/
2from the OpenGLProgrammingGuide3rd Edition
Susingthefreely availablegouraudtriangle macrowritten by FredericDelhoume(delhoume@ilog.fr)
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5.3 POVray

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

Exportsthe currentsceneasa POVray scene.The Persistenceof Vision Raytiacer (www.povray.org )
is an extremelypowerful tool to createstunninglybeautifulraytracedpictures. Its freely availablefor all
major platformsandis constantlybeingupgradedandimproveduponby alarge communityof enthusiastic
usersanddevelopers.An extensie tutorial on the DINO homepagdwww.dino3d.org ) is devotedto
POvray outputanda duplicationherewould exceedthe scopeof this referencananual.

A noteontheoptions.The rst threeconcerncolorinterpolationacrossatriangularface:
-patch  useacustomcolor-trianglethatrequiresa patchedversionof POVray to be parsedcorrectly
-smooth  simulatecolor-interpolationacrosdriangleby usinga specialtexture.

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

The ag -nocolor  will write uni-coloredobjectsthat canbe coloredby settingan explicit colorin the
generateautput le.
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