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Abstract

The RUBIKCUBE package provides LaTeX commands and macros for type-
setting Rubik cube (3x3x3) notation, configurations, and rotation sequences
using the TikZ graphic language. It is part of the Rubik ‘bundle’.
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1 Introduction

The RUBIKCUBE package (part of the RUBIK ‘bundle’) provides a collection of
KTEX commands and macros for typesetting Rubik cube (3x3x3) configurations
using the PGF/TikZ graphic languages. We have extended the rotation hieroglyph
notation, originally developed by Garfath-Cox (1981), and improved by Duvoid
(2010, 2011).

The RUBIKCUBE package is the ‘base’ package of the bundle, and is required by
all of the Rubik packages; it deals primarily with typesetting 3x3x3 cube (Rubik
cube) configurations. The RUBIKROTATION package processes rotation sequences
and keeps track of the cube’s configuration during rotations. The RUBIKPATTERNS
package is a small database of 3x3x3 (Rubik) cube rotation sequences which gen-
erate well-known named cube configurations (patterns). The RUBIKTWOCUBE
package allows the typesetting of 2x2x2 cube (Two cube) configurations.

Full 3x3x3 functionality requires the following packages to be loaded (TikZ
first; RUBIKCUBE second), as follows:

\usepackage{tikz}
\usepackage{rubikcube,rubikrotation,rubikpatterns}

Full 2x2x2 functionality requires the RUBIKTWOCUBE package in addition to the
packages listed above. Note that the TikZ package must be loaded before the
RUBIKCUBE package.

The RUBIKCUBE package has been road-tested on a Microsoft platform (with
MiKTEX), a GNU-Linux platform (Debian 8.2.0 and TEXLive 2017), and on a
Solaris platform (Openlndiana).

For the mathematics and group theory associated with the Rubik cube see
Chen (2004), Davis (2006), Fung website, Golomb (1981, 1982), Hofstadter (1981),
Hutchings (2011), Heise website, Joyner (2008), Kociemba website, Rokicki et al.
(2013), Scherphius website, Tran (2005). Other useful websites are the Speedsolv-
ing website, and those maintained by Duvoid, by Fridrich, by Jelinek, by Reid,
and by Vandenburgh. A useful online solver utility (based on an algorithm by Ko-
ciemba) is available at the RuWix website. Websites with good pages on patterns
and symmetries are those by Fridrich, Kociemba, Longridge, Reid, Randelshofer,
Scherphius (see References for details).

For historical and technical details regarding Rubik’s cube see Sher (2014), and
also the Wikipedia article Rubik’s Cube.

1.1 Requirements

The RUBIKCUBE package requires the TikZ package, since it makes use of the TikZ
picture environment and the \pgfmathsetmacro command. Consequently, the
TikZ package must be loaded before the RUBIKCUBE package. The RUBIKROTATION
package (see below) requires Perl to be installed.



rubikcube (Rubik bundle v5.0, 2018) www.ctan.org/pkg/rubik 8

1.2 Supporting tool—the rubikrotation package

The RUBIKROTATION package (also part of the RUBIK ‘bundle’), is a dy-
namic extension to the RUBIKCUBE package. It consists of the Perl pro-
gram rubikrotation.pl and the associated style option rubikrotation.sty.
The RUBIKROTATION package implements rotation sequences on-the-fly using a
\RubikRotation{(rotation-sequence)} command. It returns the new state in a
form which can then be used by the RUBIKCUBE package. It also returns some
useful strings associated with the rotation sequence which can be used by the
RUBIKCUBE package—see also Section 11.

Since the \RubikRotation command works by CALLing the rubikrotation.pl
program, it follows that the RUBIKROTATION package requires (a) Perl to be in-
stalled, and (b) the BTEX engine needs to be run using the --shell-escape
command-line option. Those wishing to use Lual#TEX will also need to have
access to the shellesc package (this can always be downloaded from CTAN di-
rectly). See the RUBIKROTATION documentation for further details. See also the
examples in the file RubikExamples.pdf.

1.3 Supporting database—rubikpatterns package

The RUBIKPATTERNS.STY file (also part of the RUBIK ‘bundle’) is a small database
of some well-known 3x3x3 cube (Rubik cube) rotation sequences, stored as named
macros. For example, the ‘fourspot’ and ‘sixspot’ sequences are encoded in this
package as follows:

\newcommand{\fourspot}{[fourspot] ,F2,B2,U,Dp,R2,L2,U,Dp,<(12g*, 8f*)>}
\newcommand{\sixspot}{[sixspot],U,Dp,R,Lp,F,Bp,U,Dp,<(8qg*, 8f*)>}

These sequences can be processed by name (using the \RubikRotation command
which also requires Perl to be installed—see Section 1.2), and then displayed (using
the \ShowCube command in conjunction with various \DrawRubikCube... com-
mands). So, for example, one could typeset the so-called ‘fourspot’ configuration
using the following code:

\usepackage{tikz,rubikcube,rubikrotation,rubikpatterns}

\RubikCubeSolved
\RubikRotation{\fourspot} % this runs the Perl program \texttt{rubikrotation.pl}
\ShowCube{2.4cm}{0.6}{\DrawRubikCubeRU}

The sequence itself can be readily typeset using the \ShowSequence command (see
Section 11). See also the RUBIKROTATION documentation—especially Section 5.1.1
Sequences as macros. See also the examples in the file RubikExamples.pdf.

1.4 Supporting 2x2x2 package—rubiktwocube package

The RUBIKTWOCUBE package carries the macros and commands necessary for
processing and displaying 2x2x2 cubes (TwoCubes). The 2x2x2 commands are
isomorphic with the 3x3x3 commands—i.e., the word ‘Two’ has replaced the word
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‘Rubik’ in commands. Consequently, users of this package will need to be famil-
iar with the RUBIKCUBE package. There are lots of 2x2x2 examples in the file
RubikExamples.pdf.

1.5 Copyright
Copyright 2014-2018 RWD Nickalls and A Syropoulos.

This work may be distributed and/or modified under the conditions of the LaTeX
Project Public License, either version 1.3c of this license or any later version. The
latest version of this licence is in www.latex-project.org/lppl.txt

2 Installation

The Rubik bundle consists of the four packages RUBIKCUBE, RUBIKROTATION,
RUBIKPATTERNS and RUBIKTWOCUBE. Although installing the Rubik bundle will
typically install everything automatically (eg., from the TEXLive DVD), each pack-
age can be installed separately if necessary. Here we detail only the RUBIKCUBE
package.

2.1 Generating the rubikcube files

Place the file rubikcube.zip into a temporary directory, and unzip it. This will
generate the following files:

rubikcube.ins
rubikcube.dtx
rubikcube.pdf --documentation of the rubikcube package
rubik-doc-figA.pdf
rubik-doc-figB.pdf
rubik-doc-figC.pdf
rubik-doc-figD.pdf
rubik-doc-figE.pdf
rubik-doc-figF.pdf
rubikexamples.tex
rubikexamples.pdf
rubikexamples.sh
rubikexamples.bat

The style option rubikcube.sty is generated by running (pdf)IATEX on the
file rubikcube. ins as follows:

pdflatex rubikcube.ins

This documentation file (rubikcube.pdf) can then be generated using the follow-
ing steps ':

ISeveral pdflatex runs are required, since the documentation includes an index as well as
hyperef links (the package hypdoc is used). Prior to the first run it is a good idea to delete any
relevant .toc, .aux, .out files.



rubikcube (Rubik bundle v5.0, 2018) www.ctan.org/pkg/rubik 10

pdflatex  rubikcube.dtx

pdflatex  rubikcube.dtx

makeindex -s gind.ist rubikcube

makeindex -s gglo.ist -o rubikcube.gls rubikcube.glo
pdflatex  rubikcube.dtx

pdflatex  rubikcube.dtx

2.2 RubikExamples file

Note that the package includes a ‘rubikexamples’ file (rubikexamples.pdf), as
well as the source file (rubikexamples.tex), and associated .sh (Linux) and
.bat (Microsoft) batch files, which can be used to facilitate processing the source
.tex file. The file rubikexamples.pdf showcases both 3x3x3 (Rubik cube) and
2x2x2 (Two cube) examples.

Note that should you need to generate the file rubikexamples.pdf from the
source file (rubikexamples.tex) you will require the RUBIKROTATION, RUBIKPAT-
TERNS and RUBIKTWOCUBE packages to be installed, and will also need to use the
--shell-escape command-line option (see Section 1.2 for details).

2.3 Placing the files

Place the files either in the local working directory, or where your system will find
them. For a Linux system with a standard TEX Directory Structure (TDS), then:

* sty — /usr/local/texlive/texmf-local/tex/latex/rubik/
* pdf — /usr/local/texlive/texmf-local/doc/rubik/

Finally, (depending on your system) update the TEX file database. For example,
on a Linux system one uses the texhash command.

2.4 Usage

Load the package by using the command \usepackage{rubikcube}. Note that
the RUBIKCUBE package requires the TikZ package, and so always load TikZ before
RUBIKCUBE as follows:

\usepackage{tikz}
\usepackage{rubikcube,rubikrotation,rubikpatterns,rubiktwocube}

However, the RUBIKCUBE package does check for the presence of TikZ, and will
load it if TikZ is not already loaded.

While RUBIKCUBE is a stand-alone package, for full 3x3x3 functionality it is
necessary to load the complementary packages RUBIKROTATION, RUBIKPATTERNS.
For full 2x2x2 functionality you need to load all four packages.
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3 Command conventions

All RUBIKCUBE package commands assume a 3x3x3 cube by default. Since all
cubes are displayed or ‘drawn’ using the TikZ picture environment, it is useful
(initially at least) to categorise commands with regard to this environment (and
also with regard to the \ShowCube.. command since this is simply a convenient
wrapper for the TikZ picture environment). On this basis, we can distingush three
conceptually useful categories, as follows:

1. \Draw.. commands (which must always be used inside a TikZ picture
environment),

2. ‘parameter-allocation’ commands (which can be used either inside or outside
a TikZ environment); for example, \RubikFace.. (for allocating facelet
colours), and

3. commands which can be used in ordinary text; for example, \rr{} (for
typesetting certain rotation codes).

From a functional point of view, however, we can view the Rubik bundle commands
as splitting into the following groups:

1. those that allocate colour to faces, facelets etc., —these commands all start
with \Rubik (for 3x3x3 cubes) or \Two (for 2x2x2 cubes ?),

2. those that draw —these commands all start with \Draw,

3. those that typeset rotation codes or hieroglyphs; —there are just four of
these for 3x3x3 cubes (these commands start with \rr, \rrh, \Rubik, and
\textRubik), and an equivalent four commands for 2x2x2 cubes (these start
with \tr, \trh, \Two, and \textTwo).

This command generates the logo RUBIKCUBE.

3.1 The keywords Rubik and Two in commands

In order to try and keep commands intuitive® we adopt the convention that the
word ‘Rubik’ in a command reflects the fact that the command relates to a 3x3x3
cube (i.e., a ‘Rubik’ cube). Similarly, commands which relate to a 2x2x2 cube
(a ‘Two’ cube) —see the RUBIKTWOCUBE package— use instead the word ‘Two’.
For example, the commands for drawing a 3x3x3 cube and a 2x2x2 cube from a
RU viewpoint are respectively \DrawRubikCubeRU and \DrawTwoCubeRU.

Having packages now for both 3x3x3 and 2x2x2 cubes (v5) means we need to
be more careful regarding command names, and try to make commands (a) as

2Requires the RUBIKTWOCUBE package
3This is a tricky problem given the large number of commands, so any feedback or ideas on
how to avoid ambiguity, including pruning or revising ‘bad’ commands, is always welcome.
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intuitive as possible, and (b) use the same command name format for equivalent
3x3x3 and 2x2x2 commands (as shown in the example above).

In keeping with this approach, some commands have had to be renamed.
For example, in this new version we have therefore renamed the earlier \DrawFace. .
commands — \DrawRubikFace.. (see Section 15).

3.2 Environments

Although the RUBIKCUBE package has been designed with TikZ in mind, it is
important to appreciate that of all the various RUBIKCUBE package commands
only the Rubik \Draw... commands and TikZ commands actually have to be
used inside a TikZ picture environment.

Indeed, using RUBIKCUBE package commands which influence the Rubik colour
state (configuration) outside the tikzpicture, minipage or figure environments
can make for useful flexibility when a document is generating more than one figure
or image. This is because the scope of any colours specified by commands inside
these environments is constrained to be ‘local’ to that particular environment, and
hence any change in the Rubik colour state brought about by such commands is
not accessible globally (i.e., outside the environment) —see also Section 5 in the
documentation of the RUBIKROTATION package.

Consequently users need to be mindful of the environments when drawing
sequences of rotations across several figures; for example, keeping commands like
\RubikRotation, \RubikFace.., \RubikCubeSolved, outside the environments
keeps their effects global (an example of this problem is presented in the file
RubikExamples.pdf).

3.3 Capital letters

Virtually all Rubik bundle commands start with a capital letter, primarily to
avoid any confusion with TikZ commands (these generally start with lower-case
letters). However, each ‘word’ in a Rubik bundle command (except the word ‘text’)
also starts with a capital letter, primarily to facilitate readability. For example,
\DrawRubikCubeRU, \DrawCubieRU. However, as with XTEX, ‘text..” commands
start with a lower-case ‘t’; for example \textCubieRU. Letter arguments for colours
(R, O0,Y, G, B, W, X) are always written in upper-case letters.

3.4 XYZ argument ordering

Many commands have an appended two, three, or even six ordered arguments or
letters which form some feature of the structure of a command; perhaps either
face or colour code or a viewpoint direction.

We adopt the convention that where ordering of arguments is critical, then the
arguments are ordered in the XYZ, +, — order. An XYZ code implies that the
first letter in the code relates to an X-related parameter, for example, L (Left) or
R (Right); the second letter relates to a Y-related parameter, for example, U (Up)
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or D (Down); the third (if required) relates to a Z-related parameter, for example,
F (Front) or B (Back) —see Figure 2.

Some commands have six arguments which adopt an (XYZ;+—) format. In
this case, for example, the \RubikSolvedConfig command, for which the six
colour arguments are ordered as X+, X—, Y+, Y—, Z+, Z—. Here the colour
argument associated with a face positioned on the +ve axis is ordered before its
—ve complement on the same axis.

Another example is the \DrawCubieRU{G}{Y}{0} command, which draws a
cubie. Here the RU letters are XY ordered; i.e., RightUp viewpoint. The sequence
of colour codes for the three visible faces are XYZ ordered, and hence result in
the cube having a Green Right face, Yellow Up face and Orange Front face.

3.5 Trailing % on the end of commands

Since the all the output of this package is drawn using graphic elements using
TikZ, it is important to include a trailing % on the end of RUBIKCUBE package
commands when used outside a TikZ picture environment, and also on the end of
the \end{tikzpicture} environment command itself. In particular it is important
to use a trailing % on the end of lines which break before the terminal curly bracket
of a \newcommand.

This is to prevent accumulating spurious spaces which may otherwise appear
in figures and diagrams as a strange or unexpected horizontal shift or white-space.
That this can occur is because in TEX every newline character is automatically
converted to a white space—unless you have an empty line (Feuersinger 2016).

The IATEX fbox is a useful aid for visualising unwanted white space which may
have accumulated, and for identifying the cause. See Section 6 on the \ShowCubeF
command for more details regarding this approach.

Although this effect is mostly small, and is generally only observed in situations
when centering a graphic is critical, it is, however, cumulative and can be surpris-
ingly large. In these situations, the cure is the addition of terminal % characters
to preceding code guided by careful detective use of the fbox technique mentioned
above.

3.6 Cubies, cubicles, faces and facelets

The sub-cubes which make up the Rubik cube are known as ‘cubies’; the small
coloured face of a cubie is known as a ‘facelet’. The cubies are named either
according to the colours of their two or three facelets, or according to their physical
position.

We distinguish three types of cubie: centre-cubies (single colour), edge-cubies
(two colours) and corner-cubies (three colours). For example, the red/white edge-
cubie is called the RW cubie, and the red/white/green corner-cubie is called the
RWG cubie etc. Note that the colour of a particular face of a 3x3x3 Rubik cube
is determined by the colour of its centre-cubie.

Similarly, the positions (known as ‘cubicles’) occupied by cubies are defined
using either a two or three letter face code. For example, the right edge position
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in the Up-layer is termed the Up/Right position, or just the UR position, and the
corner joining the DOWN FRONT and RIGHT faces is the DFR position.

4 Rubik cube coordinates

The coordinate origin of all 2D cube images is located at the bottom-left corner
of the FRONT face, as shown in Figure 1. Note also that the bottom left extent of
this particular 2D rendering of the 3x3x3 cube is actually at (—1,—1), and hence
the default height and width of all oblique-view cubes is 4 units (i.e., equivalent
to 4cm if the TikZ scale-factor = 1).

P(-1,-1)

Figure 1: Origin of coordinates is at the bottom left corner
of the grey FRONT face. Since P is at (—1,—1) then the
default height and width of the 2D cube image is 4 units.

Arranging for P to be at (—1,—1), as well as using the bottom-left corner of
the FRONT face as the origin, is a useful design feature which make it easy to
figure-out the coordinates of any point on the image plane (either on the cube or
outside the cube), and hence facilitates the use of TikZ commands (e.g., \draw
and \node commands) to superimpose lines, arrows and text etc., onto the Rubik
cube (see Section 13).

4.1 Size of cube \minipage

Since the the default height and width of the oblique 2D cube image is 4 units
(see Section 4 above), it follows that the width of the \minipage required for a
cube in a tikzpicture environment can be easily calculated. For example, if the
tikzpicture scale factor used is 0.5, then the minimum width of the required
minipage for the \DrawRubikCubeLD view (shown above) is therefore 0.5 x 4cm =
2cm.

Note that the width of the semi-flat (SF) cube representation is therefore
10 units (= 343+ 1+3), and that of the flat (F) cube is 12 units (= 3+3+3+3) —
see Section 77 for images of these forms. If in doubt check the horizontal extent
of an image using the \ShowCubeF command, which places an fbox around the
image.
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5 TikZ picture environment

All the Rubik bundle \Draw.. commands are designed to be used with the TikZ
picture environment, and are compatible with standard TikZ. For a basic in-
troduction to the use of TikZ see the following manuals (from CTAN or from
http://altermundus.com/).

e https://en.wikipedia.org/wiki/PGF/TikZ

e pgfmanual.pdf, version 3.0.1a (2015) (1161 pages)

e pgfplot.pdf, version 1.14 (2016) (561 pages)

e tkz-base-screen.pdf, version 1.16¢ (2011) (91 pages)

An example of the TikZ picture environment for use with the Rubik bundle is as
follows:

\begin{tikzpicture}[scale=0.5]
\end{tikzpicturel}’

If no scale-factor is used (default scale-factor = 1), then each of the small cubie
sides will have a length of 1 cm.

USEFUL COMMANDS: Probably the most useful TikZ commands for use with
regard to the Rubik bundle are the \draw command (for drawing lines, arrows,
circles), and the \node command (for writing text at specific coordinate locations).
The basic structure of these commands is as follows, where (x,y) represent grid
coordinates of start or end points of lines or arrows, or of a circle centre, or of text
position (see Sections 10.4 and 13 for examples).

\draw[->,thick,color=blue] (4.5, 2.5) -- (3.5,2.5);
\draw[->,ultra thick,color=red] (4.5, 2.5) -- (3.5,2.5);
\draw [color=blue, thick] (0.3, 0.3) circle (1.3);
\node (B) at (7.5, 1.5) [black]{\small\textsf{B}};

Remember that all TikZ commands which are valid inside a tikzpicture envi-
ronment require a terminal semicolon (see Section 13 for examples).

COLOURS: The following colors are predefined by TikZ: red, green, blue, cyan,
magenta, yellow, black, gray, darkgray, lightgray, brown, lime, olive, orange, pink,
purple, teal, violet and white (see https://en.wikipedia.org/wiki/PGF/TikZ).

LINE WIDTH: TikZ allows line width to be specified directly (e.g., [line
width=<dimension>]), or by using the following abbreviations: ‘ultra thin’ for
0.1pt, ‘very thin’ for 0.2pt, ‘thin’ for 0.4pt (the default width), ‘semi thick’
for 0.6pt, ‘thick’ for 0.8pt, ‘very thick’ for 1.2pt, ‘ultra thick’ for 1.6pt (see
https://en.wikipedia.org/wiki/PGF/TikZ).

WHITE SPACE: A particularly useful feature of TikZ is that it automatically
minimises any horizontal white-space. However, it is good practice to place a %
symbol after the \end{tikzpicture} command to avoid additional white space
inadvertently being added by ITEX (see Section 3.5).
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When making images it can be helpful to place them inside a minipage (e.g., us-
ing the \ShowCube command / environment below). A convenient approach is to
first adjust the value of the tikzpicture scale-factor (to obtain the appropriate
size), and then adjust the minipage-width as necessary, using the fbox associated
with the \ShowCubeF command (see Section 4.1 for a useful guide on this).

The main ‘display’ tool for drawing cubes is the \ShowCube command (see
below), and this incorporates a TikZ picture environment inside a minipage. The
equivalent tool for displaying rotation sequences is the \ShowSequence command.

6 \ShowCube command

This command \ShowCube{ (width)}{(scale-factor){{commands)} is a convenient
tool for placing one or more commands inside a tikzpicture environment which is
also inside a minipage (see Section 20.4 for the code). This command takes three
arguments: the first (#1) is the minipage width, the second (#2) is the tikzpicture
scale factor, and the third (#3) is a series of any RUBIKCUBE package \Draw.. and
other commands, as well as any TikZ commands which are valid in a tikzpicture
environment (e.g., \draw or \node etc.).

USAGE: The following \ShowCube command displays a Rubik cube (the ‘SixT’s
configuration®) and a blue arrow in a minipage of width 3cm, using a tikzpic-
ture scale factor of 0.5. Note that the TikZ \draw command requires a terminal
semicolon (see Section 5).

\RubikCubeSolved
\RubikRotation{\sixts}
\ShowCube{3cm}{0.5}{% —
\DrawRubikCubeLU
\draw[->,thick,color=blue] (4.5, 2.5) -- (3.5,2.5);
}
The action of the \ShowCube command is illustrated below; the \ShowCube com-
mand on the left is equivalent to the bunch of commands on the right (see Sec-
tion 20.4 for the complete code).

\begin{minipage}{3cm}%

\centering¥

\ShowCube{3cm}{0.5}<. . .} \begin{tikzpicture}[scale=0.5]
\end{tikzpicturel},
\end{minipage}’

The \ShowCubeF command is similar in all respects except that it places an
fbox around the minipage in order to enable users to see the extent of any associ-
ated white space. For example, unexpected spacing between two adjacent images,
or between an image and adjacent text, is usually related to ‘hidden’ white-space
associated with the image itself or excessive width of the associated \minipage

4The \sixts macro is from the RUBIKPATTERNS package.
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(see also Section 3.5). Consequently, a temporary fbox around the minipage can
be a useful aid when trying to visualise the full extent of the minipage (and its
associated white-space). Use the \ShowCubeF command for this.

For example, the following use of the \ShowCubeF command reveals a signifi-
cant white-space problem:

\ShowCubeF{4cm}{0.3}{\DrawRubikCubeRU}

In this example, clearly either the minipage is too wide (4cm) or the tikzpicture
scale factor is too small (0.3). Once the figure/code has been corrected, then the
F in the \ShowCubeF command can be removed.

Note that while the \ShowCube command centres the image inside the mini-
page, KTEX positions the minipage in the \textwidth, and hence it is generally
best to minimise the horizontal white-space as revealed by the \ShowCubeF com-
mand. The relationship between the required width of the minipage and the TikZ
scale factor for the various Rubik cube images is detailed in Section 4.1.

7 Optimum strategy

We suggest that the most convenient (and intuitive) approach for drawing cubes
or particular faces is to do it in stages, as follows (all these steps are well illustrated
in the examples file RubikExamples.pdf):

e first, start by setting the colour state of the cube. This can be done using
either (a) a \RubikCubeSolved.. or \RubikCubeGrey.. command (for
defining the whole cube), or (b) using one or more \RubikFace.. commands
(for defining parts of faces), or (c) by imputting a file containing a previously
saved colour state®.

e second, use the \RubikRotation command to process a sequence of rotations
(remembering that this requires use of the --shell-escape command-line
option). The RUBIKPATTERNS package is a small library of named rotation
sequences.

e third, draw the image(s) using \DrawRubikCube.. or \DrawRubikFace. .
commands, plus any TikZ commands (e.g., \draw and/or \node) in con