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1 Intr oduction

The programRubik allows youto manipulatea virtual 3x3x3 Rubik's cube. It runson eithera
Mac (runningOS X, version10.2.4or later) or a PCandprovidesthefollowing features:

Manipulatethe cube(twist facesslices,andthewhole cube,andundoyour twists).
Jumblethecube.

Resetthe cubeto solved.

Solve ajumbledcube(whetherit wasjumbledby you or by the computer).

Enter your own cubecon guration (to nd a solutionfor your own physicalcube, for
example).

De ne andapplymacros.Macrosaresetsof twistsgroupedogetherandassigneé@ name
sothatthe setof movescanbeappliedasa unit.

Determinethe orderof a macro.The orderof a macrois the numberof timesyou needto
repeathemacrofrom a solvedcubeto returnto a solvedcube.

Runthe programin amesmerizinglemomode.

The Rubik programis basedn parton the work of the FLTK project(http://www. tk.or g)—a
darnedgoodpieceof software.

2 BasicCube Manipulation

If the cube turns too quickly or too slowly, seethe descriptionof the [Speedbutton in the
descriptionof thecommandsn Sectionl12.

To runtheprogramjustdouble-clickthe Rubik programicon. You shouldseea window some-
thinglike thatin gure 1 (exceptthatthedisplayedcubewill notbejumbledwhenthe program
starts).

Two cubesarevisible—thelarge one canbe manipulatedandthe smalleroneis a view of the
backof thesamecube.Remembethatit is truly abackview—thebluesideis theright faceand
theorangesideis the backface.



Figurel: Rubik Window

To rotatea face 90 degreesclockwise (asyou look at that face)click on the centercubie* on
that facewith the mouse. If you hold the shift key down while you click on a face, it rotates
90 degreescounterclockwise.To obtaina half turn, simply click two timesonthefaces center
cubie.

In generaljf the shift key is down, the inverseoperationis performed.For example,if acom-
mandrotatesthe entire cuberight, that samecommandwith the shift key down will rotatethe
entirecubeto theleft andsoon. Thisis nicein thatif you screv upamaovementyou canalmost
alwayshold the shift key down and“repeatyour mistake” to undoit.

If you hold down the control key while you click onthe centercubieof a face,the entirecube
turns90 degreesclockwise. If you hold boththe control andshift keys down whenyou click,
theentirecubeis rotatedby 90 degreescounterclockwise.

If youholddown thealt key while youclick onthecentercubieof aface thecentersliceparallel
to thatfaceturns90 degreesclockwise. If you hold boththealt andshift keys down whenyou
click, thatsamecentersliceis rotatedby 90 degreescounterclockwise.

Finally if you hold down boththe control andalt keys, the faceoppositeis turned90 degrees
from thepointof view of thefaceyou clickedon. For example,if youclick onthefront facewith
the control andalt keys down, the backfacewill rotateclockwiseasit appearon the screen.
Rememberhowever, thatif you werelooking directly at the backface,this would appearto be
a counterclockwisetwist. As before,the additionof the shift key reverseshe directionof the

1Thename“cubie” appliesto ary of thesmalleroutercubeshatmale uptheentire3 3 3 cube.



turn.

To undomoves,usethe[Undd entryin the[Edit] pull-down menuor typethe control-Z shortcut.
You canissueundocommandsepeatedlyandeachundoesonemove. (If you justwantto undo
asinglemove, it's usually easierjust to repeatwhatever you did threemoretimes (or repeatit

oncewith the shift key down) sincethenyou don't have to move the mouseto nd the[Undd|
menuentry or reachfor the keyboardto type control-Z.)

All of theseoperationscanalsobe appliedwith buttonsin the control areato the right of the
window. As before,if theshift key is down, themovementsarereversed.

Finally, thereareshortcutkeys for ary of the basicfacemovementgnottheslice or whole-cube
movementshowever). If you hold down the alt key andtype“f”, “r”, “d”, “I”, “b” or“u” then
the front, right, down, et ceterafaceis turned90 degreesclockwise. If the shift key is down,

thenthatfaceis turnedcounterclockwise.

3 Cube Coordinatesand Move Descriptions

Althoughat rst glance,it seemdike it might be bestto describeelementsof a cubeby their
colors,thisis notagoodideafor two reasons:

1. Differentcubeswith differentmanufcturershave differentarrangementsf the facecol-
ors.

2. If you've learneda sequencef movesthat, for example,exchangesgwo adjacentcor-
ners,this sameoperationcanbe appliedto any pair of adjacentcorners. A color-based
descriptionwould only applyto onepair.

If youholdacubein front of youwith onefacetowardtheceilingandlooking directly atanother
face therearesix facesaltogethethatwe will call “Up”, “Down”, “Left”, “Right”, “Back” and
“Front”. In theintial cubecon guration the default facecolors of Rubik hasthe white face
“Up”, theredface“Front” andthe greenface“Left”. Althoughyou cannotseethemexceptin
therearview, thebluefaceis “Right”, theorangefaceis “Back”, andtheyellow faceis “Down”.

If your cubeis not arrangedike this, you canresetthe cubecolorsso thatthe programs cube
will look like your physicalcube.SeeSection10.

Thesenamef thefacesarefairly standardandthey areabbreviatedby their rst letterswhich
areluckily all different:B F U D L R. Theothergreatthing aboutthe namess thatthelettersin
theorderabove almostspell“befuddler” of which the cubesurelyis one.

To helpavoid errors,the Front, Left andUp facesarelabeledwith theletters“F”, “L” and“U”
onthecomputerdisplay

Thebuttonsin the controlareareferto thesecoordinatesFor example the buttonlabeledDcw]
meango turn the Down face90 degreesclockwise. That's clockwisewhenyou arelooking at
the middle of the Down face. Similarly, meansturn the backface90 degreescounter
clockwise (as you look at it—if you're viewing from the front, it appeargo be a clockwise
move?). The button marked meango look at the right faceandturn the centerslice 90

2|f youaremanipulatinga physicalcube aneasyway to keepclockwiseandcounterclockwisestraightis to remem-
berthatto geta clockwisemove of aface,graspit with theright handandturnit in thedirectionpointedto by theright




degreesclockwise. Finally, the[UCcw] meanso look directly at the Up faceandturn the entire

cube90 degreesclockwise. Remembethatif the shift key is held down whenary of these
buttonsare pressedthe movementis in the oppositedirection. (If you are befuddledby this

paragraphjusttry clicking on thefaceswith variouscombinationf shift, control andalt and

clicking on the buttonsin the control areawith and without the shift key andit will become
clear)

Note that theres no needfor counterclockwise
slice or whole-cubemoves;[BScw is the sameas
turning the Frontslice counterclockwiseandsim-
ilarly for whole-cubemoves. You canalso hold
down the shift key to getthereversemovement.

The cube appearso be madeof 27 smaller“cu-
bies”, of which you can seethe 26 outer ones.
(Therereally is no centercubie, but that doesnt
matter) Thereare threekinds of visible cubies:
corner cubieswith three colors (there are eight
of these),edgecubieswith two colors (thereare
twelve of these)and face cubieswith one color
(therearesix of these).

A cubiecanbeidenti ed by the three,two or one
colors (or better by the three,two or one faces.
The UFR cubieis the cornercubiein the upper
front-right. The LD cubieis an edgecubeon the Figure2: CubeCoordinates
left-down edge.TheR cubieis the centercubieon

theright face.See gure 2.

With thedefaultcubeasdisplayedn the program the LUF cubeis the onewith thegreenwhite

andred facesshawing. (It's the only cornercubieall of whosefacesare visible on the large

cube.) Thethreeedgecubiesnext to it arethe white-red(UF), white-green(UL) andgreen-red
(LF) cubies.

If you arejusttalking abouta particularcubiewhoseorientationis unimportantthenthe order
of the lettersdoesnot matter: URF, UFR, RUF, RFU, FUR and FRU would referto the same
cubie.If youwishto describeatransformatiorexactly it canbedoneby payingcarefulattention
to theorderof theletters.For example,atransformatiorthat ips theUL andUF cubiesin place
(in otherwords,the cubesstayin the samelocationson the cube,but the colorsareexchanged)
might bewritten lik e this:

(UL; UF) ! (LU; FU) or (UL)(UF)

wherethe notationindicatesthatthe cubiesstayin the samelocations but the facesare ipped.
The secondpossibility is in “cycle notation” where eachelementin a pair of parenthesess
assumedo move to the elementto theright andtherightmostreturnsto the rst element.Since
thereis only a singleface,it's clearthat the notationrefersto a cubie that staysin placebut
change®rientation.

thumb



In the sameway, atransformatiorthatrotatesa pair of cornercubiesin placemightbewritten:
(UFL; UFR)! (LUF;RUF)or (UFL)(UFR).

Finally, a transformatiorthat cyclesthreeedgecubiesRF to UF, UF to FL andFL to RF might
bewritten:

(RF;UF;FL)! (UF;FL; RF) orsimply(RF UL FL).

Youcan nd this cycle form of the permutatiorthatwill take a solvedcubeto theonedisplayed
onyour screernby usingthe|DispIay Permutatiovhcommandn the[File] pull-down menu. The
permutatioris displayedn awindow thatpopsup.

The permutatiorof the cubeis displayedn two forms. The rst indicateshow the cubiesmove

onthecube.Thisis theway mostpeoplethink aboutcubepermutationsbut it cannotcompletely
representhe situation. We canindicatethe how afaceis rotatedor ipped if it isin its original

location,or we canindicatehow theindividual cubiesmove into their slots,but not both. Here,
if thecubiesmove,the permutationindicatesthe cycling of the cubielocations.If a cubiestays
in oneplace,the permutationindicateshow the facesof that cubie arerotatedor ipped. For

example,(RUF) indicatesthatthe cubieis in andremainsin theright-up-frontcorner but that
theright facemovesto the up face,the up faceto the front face,andthe front facebackto the
right face. However, (RF UF F L) simply tells usthatthosethreecubiescycle in the manner
shawn, but it givesno indicationof whetherthey are ipped or not.

To obtainacompletedescriptiorof the permutationwe needto know whereeachof the54 faces
move. Well, actuallyonly 48 of them,sincewe considerthe centercubieson eachfaceto stay
in place. The secondform of the permutationdisplayedindicatesthis. Eachcornercubie(like
RUF) hasthreefaces.For thatexample,Rubik usesRuf toindicatethefaceontheright, Urf
for theupface,andF ur for the front faceof thatsamecubie. Similarly for theedgecubies.

After eachof thetwo cycle notationdisted above is anindicationof the cycle structure.In that
structureatermlike 3(4) meanghereare3 cyclesof length4. Cyclesof length1 aregenerally
notlistedsincethey indicatethatanobjectstaysin place butin thecaseof thecubiepermutation,
1-cyclesindicatethe numberof cubesthat stayin placebut are ipped or rotated. For details
you canalwayslook atthe cubiefacecycle notation.

4 Solvingthe Cube with Macros

A “macro” is simply a seriesof twists consideredo be a singleoperation.If, for example,you
turnthefront facetwice by 90 degreesandthentheleft facetwice by 90 degreesthatwould be
afour-movemacro.Thisis nota particularlyusefulmacro,but it will sere asa goodexample.

Try this out: Presghe/ResetCubg buttonto initialize the cube,andthenclick twice onthefront
centercubie(theredone)andthentwice ontheleft centercubie(thegreenone). The cubelooks
abit jumbled,but it' s still quiteregular (Theshortcutfor is control-R.)

Now repeatheoperatioragain(Front,Front,Left, Left) sothatnow you'vedone8 total quarter
turns. The cubeis still mixedup, but it's notthatmuchworse.Repeathefour quarterturnsone



moretime (for twelve total turns)andthecubeis almostsolved. If you examinethecubesfront
andrearviews, you shouldbe ableto seethatthereare only four cubiesout of place. Now do
the entirefour-move macrothreemoretimes(that's twelve moretotal twists), andif you didn't
make ary mistales,the cubereturnsto its “solved” con guration. Prettyneat,huh?

It'salittle incorvientto do four clicks eachtime you wantto applythis macro,solet's seehow
to doit moreeasily

Thereis amacrolanguagehatdescribeshe stepsn amacro,andit’ sfairly straight-forvard:

B, F, U, D, L, R: 9C°ir c clockwisemove of thecorrespondindace.
b, f,u,d, |, r: 90 counterclockwisemove of thecorrespondindace.
*B, *F, *U, *D, *L, *R: 90 clockwiseslicemove.

>B,>F,>U,>D,>L,>R: 90 whole-cubemove.

To constructa macro,just cramtogetherthe appropriatdettersin a string. Your “Front Front
Left Left” macrois just:

FFLL

Let's seehow to useit. First, click on to initialize thecube.

Click on the empty[CurrentMacrg| input box (if it's not empty simply selectall the text in it

andtypethedeletekey). Next, typein “FFLL" (withoutthe quotationmarks,of course).If you

now pressthereturn key onyour keyboard,the macrois applied,andyou canwatchthe faces
rotate.

Notice thatjust above the right endof the input box is an outputareathat lists
thelengthin stepsof themacro.This canbevaluableif youwantto nd macroghataccomplish
varioustasksin the minimum numberof steps.

In fact,if you pressthe return key again,the macrois repeated.Thus,clicking on thereturn
key six timeswill doexactlythesamethingthatyour 24 individual movesdid previously.

If you arein a hurry, click on the|Apply Macrq| button in the control area,and the macrois
simply appliedto the cubiesandall you seeis the nal result—youdon't needto wait for them

toturnfor you. Try that—withthesameFFLL in themacrowindow (from aresetcube)click the

Apply Macro| button6 timesto seehow it works. The shortcutfor [Apply Macro|is control-A.

Now let's seehow macroscanbe extremelyusefulfor solvinga cube.Resetthe cube(with the
button)if it is not already andclick onthe“Flip UF UL” entryin the menubutton

labeled De ned Macros.

Two thingshappen.First, whatever you hadin the[CurrentMacrq| areais replacedby this 14-
stepmacro:

FRBLUIUbr uLu

In addition,the cubeis modi ed to representheresultafterthesel4 moveshave beenapplied.
As you cansee this macromight be veryusefulfor a solution. Any time you have two adjacent



edgecubiesthatarein thecorrectspots but ipped to thewrongorientationyou couldplacethe
cubeasshavn onthescreerandapplythosel4 moveswith theresultthatyour two edgecubies
wouldbe ipped in place.

Click onthe“Flip UF UL” choicebuttonagainandthe macrois appliedasecondime, returning
thecubeto its initial con guration.

Now click in the [CurrentMacrg areawhereyou previously typedin the FFLL andtype the
return key. Thistime the 14 stepsareappliedoneat atime soyou canseewhathappengo the
cubeasyou stepthroughthe macro. Any time you wantto watcha macrooccur, click in that
areaandeitherenteryour own macrode nition or useonethat's thereandthen
pressthereturn key to stepthroughit. If you hold down the shift key whenyou pressreturn,
theinverseof the macrowill be appliedto the cube. In otherwords, if you startwith a solved
cube,thenexecutea macro,thenhold down the shift key andpressthe return key again,the
cubewill bereturnedo a solvedstate.

The|Apply Macro buttonis alsoinvertedif theshift key is down whenit is pressed.
Thereare a few other macrosstoredin that list by default. To try others,click down in the
menuchoicebutton,dragthe mouseto beabove the oneyouwant,andrelease
themousebutton. Thatmacrowill beappliedaswell asenteredn the|CurrentMacro area.

To getagoodideaof whateachdoes,initialize the cubewith the buttonbeforeyou
try eachone.All areusefultoolsthatmightbeusedto solve acube(realor virtual).

4.1 De ning Your Own Macros

If you have found a usefulsetof movesthatyou would like to be ableto reuse typeit into the
areafestit to besureit doeswhatyouwant,andthenclick onthe[De ne Macrd
entryin the[Macrog pull-dowvn menu.A text entrywindow will comeup, allowing youto name
your macro,andwhenyou've namedt, it will appeain thelist of macros.

As soonasyou de ne a new macro,it is written into the preferencede sothatfrom thenon,
whenyou startRubik , youwill have thosemacrosautomaticallyde ned for you.

To deletea macrofrom the list in [De ned Macrog, click on the [DeleteMacrg entry in the
pull-down menu. Thentype in the nameof the macro (exactly asit is in the list,
including spaces)andthe macrowill be deleted,not only from the currentlist, but alsofrom
the preferencede if youwish. Notice thatthe default namefor the macroto deleteis the last
oneyou used,sothe quickestway to deletea particularmacrois to useit andthendeleteit. If
you don't wantto alterthe cubeby applyingthe macro,simply apply the macroandthenapply
it againwith theshift key down. Thiswill do andundothe macroactionfor no neteffect.

You candeleteary of the macrosandif the oneyou deleteis oneyou de ned, Rubik will ask
youif youwantto deleteit from thepreferencede aswell. Youcanalsodeletethemacroshat
appeatin Rubik by default, but they will reappeathe next time you runthe program.

In addition, the commandDeleteAll Macrog getsrid of all the macrosin the choice button.
This doesnot deleteary of themacrosyou de ned from the preferencede.

Remembethatif you appliedyour FFLL macrothreetimes, it did somethingairly simple—it
exchangedwo setsof edgecubiesandleft everythingelsein place.This mightactuallybeuseful
for cubesolution,andsoyou could createa macrothatdoesthe twelve turnsby typing in:




FFLLFFLLFFLL
andde ning amacro.But theres a simplerway. Justtype:
3(FFLL)

A numberbeforea pair of parenthesesaysto repeathestuf insidethe parenthesethatnumber
of times.Again, hereit' sabit of overkill to useit, buttry typing 3(FFLL) into the[CurrentMacrg
areatestit, nameit, anduseit.

In fact, suchgroupingcanbe nested.Again, this is harderthandoingit in the straightforvard
manneybut thefollowing representthe samemacro:

3(2(F)2(L))

Obviously, for morecomplex situationsthis maysave alot of time.

Remembethatyou canuseuppercasdettersfor counterclockwisemoves,andyou caninclude
sliceandwhole-cubemovesin your macros Here's avalid macro(not useful,but valid):

3(f> DRR*UU3(RF)2(FU))rfr21(FRFuud)

If you typejunk like thatinto the[CurrentMacrg areaandpressthereturn key, it' Il giveyoua
“show”. In this casethemacroaboveresultsin 177individual moves.Do you seewhy?

We noticedthatif you repeathe sequenc&FLL six timesfrom aninitialized cube,the cubeis
returnedo “solved”. Whatis interestings thateverymacrohassimilar behaior: if yourepeatt
enoughtiimesfrom a solvedcube the cubewill returnto solved. Theminimumnumberof times
requiredto returnto the “solved” con gurationis calledthe “order” of the macro. The orderof
FFLL is thus6.

Rubik allowsyouto nd theorderof ary macro.Typethemacrointo the[CurrentMacro] input
areaandpressthe[MacroOrdet button. Theresultis displayedn awindow. Try enteringFFLL
in the[CurrentMacrg area pres§MacroOrdert andseethattheresultis 6.

If you enterjust FL, the orderis 105—probablylargerthanyou thought. You caneasilyverify

that 105 repetitionsof the FL macroreturnsto “solved” by resettingthe cube,typing 105FLI)

into the[CurrentMacra area,andthenpressingthe [Apply Macro button. (It's a little tougher
to verify that 105 is the minimumnumberof applicationsof the macrorequiredto returnto

solved—youll justhave to trustRubik .)

Beingableto nd the orderof a macrois usefulfor solving cubessinceif the orderof amacro
hasdivisors,goingonly half-way or a third of the way througha macrooftenhasusefulresults.
For example,if you initialize the cubeandtry the combinationFL , it moves7 total cubies—
not too usefulfor solvinga cube. But if you typeit into the[CurrentMacro| areaandpressthe
button,you'll seethatthe orderis 6. If you now try themacro3(FL ) you'll see
thatit swapstwo pairsof cornercubies andthatmight be useful.



4.2 The Macro Gizmo

Sometimeyou would like to have a setof macrosall availableat the touchof a button. Rubik
candisplaya macrowindow whereyou cande ne upto 16 suchmacros.All themacrosin the
gizmomustbede ned macros.

Thegizmoholdsupto 16 macros.You canentermore,but only the rst 16 aredisplayed.

To entera macrointo the gizmo, usethe[Add Macroto Gizmo) entryin the[Macrog pull-down
window. Enterthe nameof the macroyou would like to addin the window that popsup. The
default namein thatwindow is the macrocurrentlyvisible in the choicearea.
As soonasyou've addeda macro,the macrogizmoappearsvith the nev macronamelisted on
abutton. Pressinghis buttonis the sameasclicking on the namein the area,
includingthefeaturethatif the shift key is down, theinverseof thatmacrois applied.

To deletea macrofrom the gizmo, use[DeleteMacrofrom Gizmg| in the pull-down
menu.This doesnot deleteit from the setof de ned macros—onlyfrom the gizmo.

If you have closedthe macrogizmowindow, you canre-openit with the[Shav Macro Gizmg|
buttonin the[View| pull-down menu.If thereareno macrosn thegizmo, it will notbedisplayed.

This gizmo is usefulwhenyou are running experimentswith a restrictedset of moves. For
example,supposeyou would like to seewhat positionscan be achiesed using only the three
slice moves. Puteachonein a macroandenterexactly thosethreeinto the gizmo. Thenclick
only on the gizmo buttons. Hint: if you move the gizmo to sit on top of the control areaof
Rubik 'swindow, youwon't accidentallyuseary of the normally-availablebuttonsby accident.

To clearthe macrogizmo, usethe [ClearMacroGizmo| commandin the [Macrog pull-down
menu.

If (andonly if) the macroyou addto the gizmois onethatis in your preferencede, achange
will be madeto your preferencesle sothatit will be loadedinto the gizmo eachtime you
startup Rubik . If you deletethis macrofrom the macrogizmo, the preferencesle will be
changedsothatit is notautomaticallyloadedinto thegizmoon startup.You cantemporarilyadd
macrosto the gizmo from the default startupsetor from macro les thatyou have loaded,but
thatinformationis lostthe next time you startup Rubik . If youreally wantoneof thosemacros
in the gizmo permanentlyde ne your own copy of it and put thatin the gizmo. Remember
thatif themacrostringin a le thatyou load beginswith the character'$”, thenthe macrois
automaticallyjoadedinto thegizmowhenthe le isloaded.

4.3 SingmasterNotation

David Singmastewasoneof the rst peopleto publisha bookleton Rubik's cube,andhe used
anotationthatis differentfrom thatusedin Rubik . If you searctonthewebyouwill nd mary
interestingmacrosdescribedn this so-calledSingmastenotation,so Rubik hasthe ability to
interpretit.

Singmastes notationis quite simple. It consistf a string of space-separatezhtriesthatlook
likethis: U, U', U2, R, R', R2, etcetera.The SingmastetJ is Rubik 's U, theU' is Rubik 'su
and nally, U2 is Rubik 's UU. Similarly for theother5 faces/letters.

To entera macroin Singmastemnotation,simply surroundit with bracketswhenyou type or



pasteit into the[CurrentMacrd area asfollows:
[UDR2LBF U2]

As you type it into the[CurrentMacrg input area(or pasteit in with control-V key) nothing

happensintil youtypereturn or click onthe|Apply Macro| button. At thatpointthe Singmaster
notationis translatedo the Rubik notationandthe contentsof theinputareaarechangedo be

in Rubik format,atwhich pointyou cando anythingyou like with them.

To copy text from the[CurrentMacro| area,selectit andtype control-C. To cutit, type control-
X.

5 RecordingMacros

If you pressthe[RecordOn] buttonin the controlarea,Rubik will recordyour cubemovements
in the inputarea.lt usesexactly the samesyntaxto recordthe moves,andonce
thetext is in thatinputarea,it canbeusedlik e any othermacro.

Doing almostarything otherthan makingmovementswill getyou out of this recordingmode
(but will leave the macroin the input area).If youwantto force Rubik out of

recordingmode click onthe samebutton (whosenamehaschangedo |RecordOff ).

The[Undd commandin the[Edit] pull-down menu)will erasehelastentryin theMacrowindow

aswell asundoingthe operation.

6 Macrosfrom aFile

If youwouldlik eto usedifferentsetsof macrodor differentrunsof theRubik program(perhaps
you arewriting a tutorial that usesthe program for example),you cando so. Createa text le
with pairsof linesthat contain rst the name,thenthe macroitself. For example,sucha le
mightlook lik e this:

Three face twist

rid
Junk-filled macro
fuD>R*Duud*U*R*U

Striped  Cube
[ D FD LBD2F2URB UR2FD RFU2]

This examplewould de ne a macrocalled “Three facetwist” to be RLD andanothermacro
called“Junk- lled macro”to be fuD> R*Duud*U*R*U. Finally, a third macrocalled“Striped
Cube”is de ned in Singmastenotation.Supposehis le is calledrubikmacs.rub

If the macrostring begins with the character'$”, thatmacrowill alsobe addedto the macro
gizmo. SeeSectior4.2

To putthe macrosfrom a le into the[De ned Macrog area,usethe[LoadMacroFile| entryin

the[File] pull-down menu.A le browserwill appeathatyou canuseto navigateto the proper

10



directoryandselectthe le rubikmacs.rub . Themacrosabore will beaddedto your list of
de ned macrosfor the currentsessioronly. Thesemacrosarenot storedin the preferencede,
sothey will disappeathe next time you run Rubik andwill have to be reloadedagainif you
wantto usethemagain.

CurrentlyRubik doesno checkingto make surethatthe namesf macrosaredistinct. It'sup to
you to keepthemorganized.If you accidentallygeta duplicatename,you canalwaysdeleteit,
althoughit' s not clearwhich onewill bedeleted.

Includedwith thereleasés a le calledpatterns.rub thatcontainsa numberof macroghat
producepretty patterndf they areappliedto aninitialized cube.Give someof thematry.

If you've got somemacrosthatyou developedwithin Rubik andwould like to save them,the
commandDumpMacroFile|in the|File| pull-down menuallows you to specifya le nameand
all of thecurrently-de nedmacrosaredumpedhere.You'll haveto sortoutthe messwith atext
editor, assuming/ou only wanta few of them.

7 DemoMode
Make surethatthe[CurrentMacrd areais emptyandpressthe[StartDemd button. You'll getan

interestingdisplay To stopthe demo,click on the samebutton (whosenamehasbeenchanged
to[StopDemd). If you nd the“orbiting” smallrearview of the cubeannging, you cantoggle
it onandoff with the[Shov RearCubd entryin the[View] pull-down menu.

If the[CurrentMacrg areais empty demomodecreatesarandommacroandrepeatst endlessly
soit's guaranteedo comebackto “solved” againandagain. The macroit pickswill returnto

solvedin areasonabl@umberof turns(fewerthan300).

If the[CurrentMacrd areais not empty whenyou pressthe button, the program
initializesthe cubeandendlesslyappliesthe macroenteredhere. Thusif you nd amacrothat
goesthoughpleasingstatesyou canprobablymake anicerdemothanwhattheprogramis likely

to comeup with by itself (but sometimedRubik will surpriseyou). You mighttry demomode
with someof themacrosn the le patternmacs.rub

If Rubik makesup a macrofor usein demomode,it putsit in the|CurrentMacra| displayarea
soin caseit stumblesacrossa goodone,you cansaveit.

8 Jumbling and nding Rubik's Solution

If youwantto practicesolvingjumbledcubes simply pressthe[Jumblg buttonandyou'll geta
completeljjumbledcubethatyou cantry to solve with acombinatiorof edgemovesandmacros.
(If you pry apartyour cubewith a scravdriver, mix the pieces,andassemblét with your eyes
closedyou have onechancdn twelve of obtaininga solvablecube.)

Of courseit's pretty easyfor you to mix up the virtual cube hopelesslyyourselfwith a few
randomclicks onthebuttonsin the controlarea.

If youwantthe programto solve a cubefor you, Simply click onthe|Solve Cubg button. It may
take awhile. The rst time you do this, thereis alsoaninitialization thatoccursthatalsotakes
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time. (On my dual processof..25GHz Pawer Mac, it takesperhapsfteen secondso nd the
solutionfor an“average”cube(includinginitialization). On my old 400MHz PC, it takesabout
60 seconds.)

The solutionappearsn the[CurrentMacrg area. You caneithermake thosemovesyourselfor
click in the[CurrentMacrd areaandpressthe return key to watchthe programsolve the cube.
Don't simply click on the|Apply Macro button—thatwould just be the equivalentof pressing

the[ResetCubd button, right?

By theway, you cancorvinceyourselfthatRubik really is solvingthe cubeandnotjustwatch-
ing theturnsyoumalke asyou jumbleit andreversingthose.Try startingwith aninitialized cube,
make about50 moves,andthenclick on[Solve Cubd. It will certainly nd a solutionthathas
fewerthan50 quartertwists (Rubik 's solutionis typically betweer25 and30 moves).

Whenyou pressthe[Solve Cubd button, Rubik spendsa “reasonable’amountof time looking
for agoodsolution.If you'dliketo haveit spendnoretimeandmaleit look for abettersolution,
therearetwo entriesin the[Edit] pull-down menu:[Long Solve| and[Very Long Solve] If these
aretoggledon, Rubik will spendmoretime andmud moretime searchindor a solution.Even
if Rubik is in oneof thesemodesa solutionmay not take longer—if Rubik is corvincedthat
it hasthe bestsolution,the searchcanendearly. You cancorvinceyourselfthatthis is true by
making,say threequarterturnson a solved cubeandthenclicking on the[Solve Cubd buttonin

Very Long Solve| mode.

9 Solvinga Physical Cube

If your plasticcubeis jumbledandyou're too stupidto solwe it yourselfandtoo lazy to take out
thescravdriverto breakit apartandthenreassemblé, heresawayto solveit withoutwracking
your braintoo much.

Enter your cubes con guration into the programand use the facility described
abore. Whenyou seethe macroin the window, manually apply that to your own cube by

physicallyturningthe sides,andthereyou are! Be surethatyour cubeis in the sameorientation
asthe cubeon the screenbeforeyou begin to apply the movesor you'll wind up with a cube
that's simply jumbledin a differentway.

To make sureyou arefollowing the macroexactly on your physicalcube,especiallywhenyou
are a beginner, you can usethe left-arr ow and right-arr ow keys to single-stepforward and
backward throughthe macro. Thus, the safestway to solve your cubeis to make one or two
physicalmoves,thensingle-stegghe macrothe samenumberof stepsandcomparegheresults.If
they aredifferent,you areat mosta coupleof movesaway from the pathto the correctsolution.
Remembethatyou canbackup onthe screeraswell with theleft-arr ow key.

You can nd the numberof stepsin the solutionby looking at the “Macro length” outputarea
abovethe[CurrentMacrd inputarea.lf themacrodoesnt make senseor is incompletebecause
youhaven't nished typingit in), then“****** will bedisplayedasits length.

Rememberhowever, that one scrav-up in the middle will totally trasheverythingandyou'll
have to startagain.

All you needto know now is how to enteryour cube’s color con gurationinto the program.
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For now, | will assumeyour cube hasthe samecolors as thosein the default cube (which,
surprisingly arethe sameasthoseon my personaphysicalcube).

But hereshow it workswith my cube(whichis prettystandard| think).

My cubes colors are Orange,Red, Green,Blue, White and Yellow. The rst lettersare all
distinct,sol'll callthemO, R, G, B, W andY.
If the red centercubieis facingme andthe white centercubieis up, then“Back” is orange,
“Right” is blue,“Left” is greenand“Down” is yellow. If thecubeweremadeof justacardboard
shell, and paintedasin the “solved” con guration, you could cut it alongvariousof its edges
andunwrapit to look lik e this:

[RI[B][O]
(The gure above representsa con guration wherethe white faceis on top, the redis facing
you, the yellow is facing down, the greenfaceis to the left, et cetera,just asin the default
con gurationon Rubik 's display)
Now, Imaginethatyou againcut the cubeasabove, but this time draw out eachfacewith the
nine colorsthat make it up. Whenyou do that, eachof the lettersin the patternabove would
really represen® colors.
To enteryour cube,click on the |Input Cubg button anda window like thatshavn in gure 3
will appear

Figure3: SetCubeGizmo
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Oneof the entriesis highlighted(whenyou begin, it's the onein the uppetleft cornerof the

“Up” face).At thebottomof thewindow is a setof color buttons.If you click on oneof those,
thecolor of theselectecdtubiefacechangeso bethatcolor andthe selectectubiefaceadvances
one.If youjustwantto changeafew colors,youcanclick onacubiefaceto makeit theselected
one,andcontinuefrom there.In addition,you cantype the spaceandbackspacekeys to move

theselectectubieforwardor backwithout changingthe colors. Whenyou aresatis ed with the

cubecoloring, click onthe[Finish button.

Make sureespeciallynotto scrav up theback—whernt's “unwrapped”it goesthe “otherway”.
If you have any doubtsabouthow this works, the cubedisplayedin gure 1 is the sameasthe
onedisplayedunwrappedn gure 3.

Whenyou nish settingcolors, Rubik doesa “sanity check”on the cubecolorsto make sure
you have the right numberof cubiescoloredin away thatthe cubecanbe solved. If youdo not,
Rubik displaysan errordialogandreturnsyou to theinput gizmo. If you justcan't gure out
how to x your cube,pressthe[Resetbuttonin the gizmo andthe cubewill revertto a solved
state.

If thecubein theinput gizmois invalid for somereasonthatreasorwill bepresentedhn thetext
outputareain the lower-left part of thewindow. Rubik will list in thatwindow onething that
is wrong. Theremay be mary problemsbut asyou x each,the next appearsn thatwindow.
Whenit is completelyvalid, thetext in thatwindow will be“Valid Cube”.
Thegizmoalsocontainsa[Flip/Rotatebutton. If you pressthis, thecurrently-selectedubiewill
ip (if it'sanedge)or rotate(if it's acorner).Rotationis alwaysin the samedirection,soif you
wantto rotatein the oppositedirection,just click on the buttontwice.

10 Setting Cube Colors

If your cubes colorsdon't matchthe default colors,you canchangehe default color settings.

Herearethecolorscurrentlyrecognizedy Rubik , andtheir one-lettermbbreviations(which can
bein lower-caseaswell):

R: red W: white B: blue | Y: yellow | G: green
O: orange| S: silver K: black | V: violet | P: pink
D: gold M: magental X: gray | C: cyan

To specifyacoloring, list theletterscorrespondingo your cubes colorsin the following order:
Up Left FrontRightBackDown

Thedefautcolorsarethus: WGRBOY. If your cubeis red on top, white on the bottom,blackin
front, pink in the rear magenteon the left andgold on the right, your color patternwould be:
RMKDPX. Thesearethelettersandcolorsthatwill bedisplayedonthescreerandonthegizmo
thatletsyou entercubecon gurations.

To changethesedefault colors, pressthe[SetCubeColorg entryin the [View] pull-down menu.
Thenenteryour six-charactestringin theinput window thatappearsFromthenon, (until you
setthecolorsagainin thesameway) Rubik will usethatcolorschemeWhenyousetthecolors,
theresultis alsowritten into the preferencede.
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11 Printing the Curr ent Cube

In the[File] pull-down menuis an entry: [Print EPSFile]. Thiswill causeRubik to producean
encapsulate®ostScriptle thatdisplaysthe currentfront faceof the cube. You canusethisin

arny way you want.

12 Button Reference

Whatfollows is a shortdescriptionof the actionsof eachof the commandouttonsin the control
areaand menuentriesin the pull-down menu. One hopesthat the actionsof the face-turning
buttonsareobvious. Thebuttonsarelistedin alphabeticabrdet

|[Add Macroto Gizmg addsa previously de ned macroto the macrogizmo.

Apply Macrd appliesthe contentsof the|CurrentMacra| input areato the cubeinstantly without letting

you seetheindividual moves.

[ClearMacroGizmd emptiesthe macrogizmo.

lets you assigna nameto the contentsof the areaandthe (hame,macro)
pairis placedin theDe ned Macrog menubutton.

[DeleteAll Macrog deletesall themacrosin the[De ned Macroglist. It doesnotdeleteany macrosfrom your
preferencede.

DeleteMacrd deletesa macroin the De ned Macrog list. If thatmacrois in your preferencede, you

will beasledif youwantto deleteit from thereaswell.

[DeleteMacrofrom Gizmd deletesamacrofrom themacrogizmo. This hasno effectonthecurrentlyde ned macros.

|Disp|ayPermutati0||'| displaysin cycle format the permutationrequiredto bring a solved cubeto the current
con guration.

[DumpMacroFile| writes the macrode nitions in a form that Rubik canreadinto a le whosenameis
speci edby theuser

Help| is currentlya pitiful place-holdefor somethingbetterin afuturerelease.
Input Cubg allows youto enteryour cubes colorsinto the programfor testmanipulationor solution.
JumbleCubg createsa solvablejumbledcube.

LoadMacroFile| loadsasetof macrosrom a le.

Long Solve| increaseghe amountof time that Rubik will spendlooking for a good solution. This
button canbetoggledon andoff.

determineshe orderof themacroin the area.
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Print EPSFile| producesandencapsulate@ostScriptle of thefront faceof the currentcubecon gura-
tion.

RecordOn| startsrecordingmovementsn the[CurrentMacra| input area. Whenin recordingmode,
this key changeso be[RecordOff|.

initializesthe cubeto “solved” andemptiesthe undobuffer.

SetCubeSpeed setsthe speedat which the facesturn. Smallernumbersrepresenfasterturning. The
numberyou typein is the numberof stepsduringaturn. If your graphicsis pretty good

(asof 2003)a speedof about80 is good. On ancientmachinesor badgraphics,a 10 or
even5 might be the way to go. Whenyou setthe speedthe new valueis storedin the
preferencede. Setthespeedo whatever pleasesou.

SetCubeColorg setsthedefault colorson thefacesof asolvedcube.

[Shav MacroGizmd displaysthe macrogizmowindow.

Shav RearCubg toggleson andoff therearcubeview.

solvesthe currentcubecon guration. A macrorepresentinghe solutionis thenentered
into the[CurrentMacrd area.You cantypereturn to watchit solve automaticallyor you
cansingle-stept with theright-arr ow key, whichis probablythe bestapproactif you're
usingRubik to solve a physicalcube.

StartDemg entersdemomode.On entry, the buttonchangedo |StopDema.
Qui
undoesonequartertwist.

VeryLong Solve| dramaticallyincreasesheamountof time thatRubik will spendooking for agoodsolu-
tion. This buttoncanbetoggledon andoff.

t| quitstheprogram.
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