


Rotation of slice and cube moves

In gur articlas wa often usa slice and oube moves, There are many ways to
represent these maves, and we use the slice notation ms first used by
Frans Schierech:

Introduce the moves E[quntnr}l, K(iddle) =nd Sf tand.lng:l, being the following
central layer moves respectivaly:

E: M l 51
————

Now, how to count processes involving these novea? Singmaster's notation
does not include central layer movesi inastead he movea the cuter faces,
e extended notation is Singaaster's with the moves M, B and 5 added.
Thers are many instances where clarity is loat if Singmesater's notation
i8 used: In working with larger cubea it is impessible to atick to it,
end in the degeiption ef Marc Waterman's mlgorithm it would be extremely
annoying and 1llegible to refrain from using M.

Whatever notation is used, a nmove will be the rotation of ome layer
over 90, =90 or 180 degress., Thus M ia one move and EL' is tws moves, oo
a pracess conftaining ¢ central layer moves ia ¢ moves longer in Sing-
paster's notation than in the extended notationm.

To dedcribte » mave of the cube as A whola, we use E.'Ft = CF etc., &.g. CR = EM'L',
Thesa cube moves all hmve length O.

Huorc Waterman and Anneke Treep



A PAST METHUD FOB TPE FIRST FACE; AS USED BY MARC WATERMAN

By Marc Waterman and Anneke Treep

In cube literature very little attention has been paid to the way one face
is eolved, The few methods deacribed are rather mlow. Though it ia
impossivle to describe a complete methad that ia easy to underatand snd
gtill three times faster than any book eethod, it is very well possible to
give A general outline of the way Mare solves the Tiret Taca, whick he dosa
in an average time of & to 7 sscondas.

s method can roughly ba divided in the follewing ateps:
1. Two adjacant cormers;
2, The octher two cornera;
3. The four edges and the centre.

Moat people find it convenlent to start with the same colour every time
they solve the cube, The first face will be formed an the U aide of the
o,

Hgtation,
In grder to show the different cormer cenfigurations we will uase the
diggramy Minh Thai has used in his book 'The winning Solution®. 4 diagram
shows the cube in a 'flattened" way (fig. 1) with the U face in the middle
and the side faces around it,
The cubies are represented by
circles: s mwplete cube is
shown in fig. 2. The D cantra B
is the only cubie that cannot
be represanted in such a

disgram, : v ® 04
In a elrole letters can ba
placed to indicate the colours F
of the facelets, In this
article we will show tha
facelats of T colour in black, f." 1
and snly relevant subies will

be ahown.

The method, step by step,

1« Put two adjaeemt U cornmers in the correct way next to each other. Do

not worry abhout the centres yot! This can always be done in at most
three moves, wsually it takea only two. Wow hold the cube in guch a way
that the U farelets of the corners are in the U face, za in fig 3.

Zy Tt 18 poasible to sslve the other twe U cornere

- ong by one, but this often takes too many moves.
It ias better to solve them together. Alas, it would 4
take too much room to give solutions to &ll possible
canen, s we give only the very hard ones,

Moat if not all cases can be solved in at most
meven moves, mainly with the use of procesases in the
(R, D> group (1i.s. proceasess with oniy H and [ movea )
Hare are the moat difficult casea: g 3.
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Js How the four edges and the centre etill

have to be solved. Fere too it would
take too much space to show all possible
situatione, ao we will give a general
cutline of the method and scme wery short
proceasss that you may apply invertedly to
mee what types of processes are used.

Having solved the U cormers, there often dre

one or more 0 aedges in the D face, Then cne

can he aolved with a mlddle layer move after

it hes beaen brought to the correct alice. Sometises a second edge can ba -

aolved in the aame way, provided it has 1te home in a middle layer that

doss not contain ancther solved U edge. In such & casa it is wvery often

possible to solve the U centre togather with the second U edge:

= If both the U centre and the U facelet of the edge are in the [ fmce this
is very eimpls.

- If both the U centre and the U facelet of the edge sre in the seme side
face {e.g. at F and RD) 1t 1a also very silple,

= If the T centrs 1o in a side face and the edge iz in the D face with the
B facelet in a aide face, put them together with a D sove and you have
ore of the easier cases.

In other cases it is wore difficult and the U centre may be lelt out,

To aolve the gther U edgea the faollowing well kmown procosses may -be used:
F'EF , F'EF , F'E'F , MDM' , HMDM" ,

If the centre has not been corrected together with the mecond edge, it can
be solved with one of the other edges. Here are some procesaen to do this:

B"Hi Bt

:_3'3 or HD'E™™M"* H'Eéﬂ" EQBR
Hr B'E 18

MDPE'M! B'H2p7NE"

MD'EZN! B'MZRFE'P

To find put what the effect of on® of theae proceases ia, turn the inversion
af a proceas to achieve the sltuation 1t aolvea.

Some more tips

= At copntests it 1s wrually allowed to watch the eube scma 15 seconds
bafore time atarta. Iz these 15 oeconda you may pay attentlon to two
thinga:

1) Decida which twe comers to solve firat, Only seldom im it pomaible to
gee how the other two cormers must ther be aclved,

2) often ¥ou can use 8 slice move to solve an edge that belonge mext to
one or both of the first two corners before mtarting on the other two
cornara, Tha sdge will not be affected when solving the lsst two corners.

It i3 not recommended to solve a second edge befors all comers are
goived, a8 it may then take more moves to aclve the cenire,

= If the cenire ia solved together with the second edge, the last two edgen
oan oftem be solved together: The process that solvea the third edge ends
with the inveras of the move that the process for the fourth edge starts
with, so you may save two movas. This means that is even meves a move to

produce such g mitustion with one extra move! Here are mome examples:

BEL'C D2N' ,  L'E'RC,, DM,  PENCROME RIE'R .



The 1 i itrm of lwre Voternon and Dnsan Eramner

Introdustion

The basic algorithm described in thip articie haa been developed by Hare
Watermar and Daan Krammor in 1981, With a let of practice sn avermge
aolving tine of 25 fo 30 seconda should be possibie. Hare of course usea
a lot of addifional processes and shortouts and hie long vxperience to
achieve hiz sverage of 18 seconds on his owo gube,

The maigorita im not only extremely fast, but alse very interssting as 1t
is net just » bunch of trieka to learn by heart: Bapeseislly the edge—
aolving stages require s desper understanding of the underlying idess,

Aa will be asen, the apeed of the system comes from the use of mostly
-, R~ and Rl-slice moves when aslving cdgea. Thus hardly any time is
lost in changing the way the cube is held.

First, let’s define some words end natations to be umed:

rFing : The alice between the R and L faces,

redge @ An edpe that hapg ita "home" in the B Tace.

midge : An edge that has its "home" in the ring,

M : A nuarter turn of the ring, which soves UF to FD:

In ahort, the alporithe is as follows:
1] The L face is solved,
2) The R corners are positioned and oriented sioultanecusly.
%) The redges are molved, and the orientation of nll midgea 1a
corrected,
4) Tha midges are positionad,

We are awars af the fact that both the texrt and the notations in the
tables may prove to be difficult to understand. Still, we feel that to
gmsp the underlying ldeas seme exploring of your own is necmeessry
anyway, The best way to overcome theae problems is to apply the inversion
of a process Trom the teble wyou have difficalties with and compare the
Situation thus schieved with the notation ard tha text. It 1z alas very
helpfel to turn a procesa very slowly and follow the piecea imvelwed.

Solv tho cubs

1. The L face
The fastest method 1s to firat put 211 L corners correct in meapect to
each other, and then put the edges into place, The centre should be dome

along with the second edpe.
The L face may trum be solved within ten secends’ time.

2. R corners

When asolving the # corners, the cube is temporarily held in sush A WAy
that the B faee %weecomes U face.
The eorners ~cre positioned and oriented sinultaneously, There are 43

different situntions, and each ia recomized by lookding at the corners
only. Thus ne extrs U turne are necmcssary, ner the comparlson of the
corners with other pieces.

The 43 processen may be Tound in $able 1 (the tables can be found at the
end of this article;. To determine the process to be used, first comparce
the exfentation of the ecorners with tke diagrams in fig. 1.

The black faceleta are of the U coleour. In each disgran Tour other
faceleta are nuchersd [as you can see, it depends on the orientation of
the corners which lour)., These wro the facelets that are used to
recognize the aituntion enee the oriontational coafiguration han been
deternined.



In the ~nrresyonding notasional Aiagram the oumbers have yet to be

replaced by the letters ¥, O, L or R. These letters indicate how the

ealours of the nunbered facelcts are placed in respect to each other on a

ez.mn cubs. Az a mile, the colour that appears most ls refarred to rs

Blrant).

KB, “her detertining the nitustion the colour F im not nocessarily the
salour of the centee of the front fRce, becmusé we only need the
clacement of the ceclours in respect to each other.

edee rientir

The pube in new held as it originally was, so the only pieces that may
{and cost probably do) need golving are the edges or the R face and those
of tha ring.

In threes out af four cases no redge is completely solved yet, and one,
twi a@ three redges are in the ring.

Iu Lhese situations Firat two redgen are solved, while keeping at least
ons redge kal nlready was in the R face in this face, though it may stay
wrongly ooultioned mndfor oriented, Then the resaining redges are aclved
and the orientation of the nidges ia corvected simultanwously.

Ie the elber 257 of the cases the soiutlon iz a Iittle differemt, though
vagad ~n the sarn crinclples.

ln thie sectice we will =ow Aeal with the followine 2ubjects:

- Appowrents on Eke potation

= & degeription of the baeic pethiod

- vathndg Tor good and wad luck situationo

= Lnmnilcations

e tmbles refarred to in 3hese gections are fo be found at the end of

tam oartioTe,



Agreegents gn the notakion
To deocribe the situstiona that arise & b[hg:lijr new notation has peen

deve]opad,. Pour aapects of this notation nned a ¢lepar introdection,
These cancern;

= The redpea in the ring

= The redges in the R Face

- The meve (R} in a process

- Midgen Ln the zing

Moat of the tables use ot lerst one of these notations or a slight
¥ariaticn. The reader should therefore eramine this sectiopn carefully,

rad in the i

In order to be able to apply a proceas the pieces involved should of
Course be in the correct position. The required position for a redge in
the ring is denoted by two letters, the first of which indieating tha
face that is to contein the facelet of the B colour, The desdred poslition
of n redge can be obtained by a ring move, i.e. M, MV or MY,

It will be clear that, as every situation has A mirrer image, most
proceases have fwo entries as only one can be achkieved by using ring
mavea,

In table no. 2 there are two redgea in the ring. By using ring moves one
of the situations pives can be achieved, keaping in mind thet the firat
letter of both positions indicatea the fecalet of the B colour,

Tha redges in the R face

The R face contnina four edge positions that may or msy not contain &
redge, An edge position that ie not solved, i.e. filled properly with
the right redgs, Is called a hole,

There are three types of holea, each denoted by a BOUATE:

[0 : 4 nole that containa an unflipped redge.
{The R facelet of the redge is in the B face)

' : A hole that contains a flipped redge.
(The K facelet of the redge is not In the R face)

=1
$.2 3 A hole filled with a cidge, commemly called an empty hole,

&n arrov from one sguare to another indicates that the redge should be
woved from ome hole to the other to be solved during the process.
A double arraw indicates an exchange of the redges,

An erapple: m: =EANS
A redge ia pesitioned In the R face with its E facelet npt

in the R facp. I corder to be solved it should be meved to
an other hole that ie currvently filled with A midge.

At the beginning of a orocess one of the holea that will be afflected oust
be at the RU position. This hele can be sither filled or ecpty, which im
indicated by a smell circle:

QO : The hale at B is eanty.
@ : The kole at U 1s not oEpty.
The desired situation cam e achieved hy neans of & nove of the R face.

The move [':i;l ir 8 proceas

In oany cases in the coursc of a procesa & different hole is moved to
the EU nosition by a move of the I face. Az the relative position of the
koles in the K fare iz irrelevant to the structure of the process, the
required move nay be R, B' or R, It is therefore noted as (R).
Sometimes also (H)' oceurs, whick means that the nove executed at [R)
earlier in the process should be inverted.



the

In tables 4 ond 5 one w»edge and thren midgea ace in the ring. Each
nmidge can be flipped or nod flipped. Mot flipsed meana that a Tacelet of
the midege has the same colour as the centre it ie adjacent tn, or the
coleur of the nppesite centre.

To skow wheter a midpe ia flipned or not a X or 0 15 used:

K : midge is Flipned

0 : midge is not flipped
The orienteticna of tha pidges are shown in a series of thrae X eor 0%a.
The firat X or 0 represents the midme that is positioned in the same faco
an the R facelet of the redge. The second represents the midge disgonally
eppoaite the redpco, and the laat X or 0 representa the laat midge.

One might thus say that one atarts at the nidge that the B facelet
“points to", and then follow the midges round the ring,

In tables 5 =2nd Sa anll midges are in tha ring and the eriontation of

each 1s given in the correaponding colume,

Eimally we will give n general'exa.n:ple of ithe notation discussed Above:

D‘E. IocX & or meATIS
B :

radge in the H face is positioned in the wrong hole and it is not
flipped, It should be woved top a hole that is now empty. The other redge
involved [which hes to be moved to the hole that iz now filled by the
first redge) is in the ring. Sterting from the R Tacelet of ths Tedpe in
the ring we mee that ilhe first oidge ia flipped, the second is not
flipped, and the last midpe is mlsc flipped. { 3hown by XKD
The filled hele must be held at the ¥U josition (@)}, Pinally, the R
facelet of the redge in the ring must be in the [ farce, the two
poasibilities IF and DO being mirror images, Both processes are given,

Denscription of the basic methed
Wow that you are familiar with the notation used we will describe the
hasic method for solving the redges and orienting the midges,

The basic method can be applied if one, two or three redges are in the
ring, and oll are wrongly positioned and/or oriented, The only exceptions
are situstions where ane redge iz in the ring and the other three forz a
J=eycle in the R face, In such & case sea *complicationa®.

For those cases where no or all redges are {n the ring a method bhazed on
the basic algorithm will be given in the next paragraph.

The bazic method conniots of two ateps:

1. Solving two redges .
Thia strp aclves two redmes from the Ting or one from the ring and ons

from the R foce, In any case one ouest oake sure that at least one redge
that already was in the B face atays there.
It im necessary to do so in order to be able to perform the second atep.
Though it may at firet be difficult tn chonse the right edges, you will
soon get more experdenced,
B0, you will have to lsok Tor two redpes that may be solved while leaving
a third in the R face. To find puch a cochination cheose & redwe in the
B face and find two other redges (of which ome may be in the E face) that
do net have to £i11 the hole the firsl choses redge is in, &nd thet do
not cone from the hole whoere the first redee has its home.
For this aten tables Za and 2b arc uased.
2, Splvins the pepadning twe redges and grienting nll midges

If the first stev i execuled proverly, at lesst one of the two
recaining redges is in tha R fasa. Then we cen apply a process that
2lves both redpres and ocients the |'.'I.id.El:'.’.5 at the zane time:
If teth redimes arn in the I face use table J.
¥ ome g in the B faae and the other ia in the ring use table 4,



Lor il bad luck sifustions

& Good luck

1]- In 2CG,5% W oof ths poasible #dpe gnsitjr}nsfnrienta‘tianﬂ one redge ia
alrondy solved when the X cormers are roady, ‘Mo other three should
then be solved ag follows:
lat step Solve two redges ualng table 2a or 2h,of 3
2nd atep Solve the last redpe an orient the midges using table 5.

2)- In 2,2 % of all cases only two redpes need salving.
If one )"Ibdg& ia El‘.r!Eﬂda’ in the W face uss tghle 4.
If both redges eare in the X face use table 3,
If both aze in the ring solve then as follows:
1at step Solve one of thenm uaing the first proceas of table Sb,
2pod step Solve the othar redge and crient the midges using table %.

3)= In 0,11 3 af All cases only ono redge neads solving. This is done
togetrer with orienting the I!1.'.‘I.|:|.HE'S|I ;'!Bain us:inﬁ tahlin 5.

4)= Very warrly the il face is complete as the corners are solved,
Te orient the nidges use table &,

B Bad luck

1)- All four redpesa are in the ring., This happens with 1,4 % chance.
Solve two redges using table 2a, them go to good luck oase 2,
In fact, A non~atandard mothod exiats, Ve may deal with this in a
future issue. I you feel you understand the basie method fully, you
way try to figure this ocut...

2)= In 1,4 % of &ll cases all four redzes are in the R face, but none of
thas in the right way.
If one of the folleowing situations ariees use table 7 to solve twe
redgea;
= all redgus are flipped,
= two redges are exchanged and at least two are flipped.
- ;hn:e are two palra of exchanged redges, somes of them may be

lipped.

Then the remsiping two can be solved and the midges are oriented
again waing table 3F.

If a three or oven & four-cycle goours you're in deep trouble.,.
See complications.

Coaplications
The simplest solution is this: Firet put one of the redges into the ring
ueing the first procese of table 5. This puts you In a situation where

the stnndard method con be uped.
There ia n gore elegant aolution, but it ia not in the UMR-group, and
therafore rather slow. This may Alse be diacussed in future issues.

4, The pesitisning af the midpas

Tha processes used in this stage are very well Xmown, but still we
ineluded ihem to be cooplete. (see takle ne. 7)
3till, when %urning the last moves of the thired atage one nay alrveady
insert moves as that this stage may acmetioes be avoided. Thia of course
requires & 1ot of experience.

Corcluaions .
Thiz syaten iz not only of interest Tor cube-racers, but soee ideas
will sles srove useful for cthor oystesme, such ae thwee that first aolve

21l commers and then all nfeeg.

liare Ynternan and Anmoicc Troeep



An erapple of the use of the alporithm of Mare Uatproap aed Dean Krammer

Ag we presume ¥ou are able to cooplete ome face of the cube, we will
otart cur example with one Face completed. 5 o
To ackisve auch a situation turn on A clean mube HELF]'ITJ'R F'U"F .

Po molve this following the alporitho, turn the cube sep that the F face
tecomes R face and the U face sinys U. Tnke igble 1 and check that
situation & is invelved. Krecutw the corresponding procees,

Now turn the cube sp that tha U face becomes R face and the P faoe
stays T, Now only the redges and midges need solvins.

Check that the only way to polve two vedpen while keeping & third in the
R fate is to solve the redges that are in the ring. You can see this as
followa: Say you want to solve the redge at R0, Then you are affecting
the hole whers the redge st KD has its home, so that’z no good. If an
the gother hand you want to sclve the redpe at HD, 1t would have to go to
the hole at KU, and thus the anly other redge in the B face would bha
affected,

30, tho only way out ism ta aplve Una redees in the ring., Their .
corresponding heme-hnolos oro at RD and at HE. When solving these redges
the redge at U will therefore stay in the R face.

To aolve the two redges we need table 2a, as they are bothm in the ring.
By executing the move M the redges are moved to the reguired position
for process no 5 {check that all other situations cannot be achieved by
ring noves), How we need to meve the hole where the redge at FU belongs
%o the FU position, This is done by the move K',

Now execute the correspending procoss, readimg (R) as R, as at this
point the hole whers the other redme to be sclved helongs has to be
meved to the KU position, Censequently, at (R)' the move R should be
executed,

Of the remaining redges one is in the ring, and one is in the H face,
s0 we now noed table 4. The redpe in the B face is lipped and 1t is in
the wrong hole, so we need one of the processes from the middle section.
To determine which ome, we lock at the orientation of the midges.

Firat, find the it facelet of the redge in the ring. It is at {he D aide
af FD, 8o we stert examining the midgeas at BD, The midge st BD is
flipped. Than look at the midge at UR: it is not flipped. The midge at
UF is again flipped. This series of crientations therefore is X 0 X,
So we are at situation 14a or 14b,

The redgs in the ring can be moved to BED, but not te PD { remember, the
firat letter indicates where the R facelet should gol. So we need
process 14b. Before we can execute it, we oove the redge to the correct
place by the move M, and as the filled cirele indicates that the filled
hole ghould be at I, wa move it there by executing H.

Mow apply process 14%, reading R where (E) stands in the process, as at
that point the olkher hole we need has to be breught fo BU, Of ceurse, nt
(r) you should then apply R'.

How all redgws are solved, and all mi-ian are oriented. To get them
to their correct positione mpply n2rdRu2ny,




AN ADVANCED WAY OF SOLVING THE WORST SITUA HE WATERGAN'S & R
By Marc Waterman and Anneke Treep

In thia aerticle the bod luck aituations and complications that arise in the
algorithe descibed in issue nir. 14 will be dealt with in an advanced way.
That is, with this article all ceses of polving redges and orienting midges
requirs two atagas.

A, Capes of bad luck
In the came of all redges in the ring, we will now uae the folloewing two
atepar

1. Bolve three redges;

2. Solve the last redge and orient all midges.

In fig. 1 are all emsentially differsmt cases with all redges in the ring.
The four squares are a representation of the redges as aeen 'through’ the

E face, The thick mide of a redge represents the B=facelet of the vadge. The
letter =, b, ¢ or d repressnte the other colour of the redge, Note that the
situations only differ im the relative orientations of the R-facelets.

There are egaeqtially two elmssea of redge configurations:
In class T cases it is always possible to find two redpes that are in the
aame face, but that have their R=facelets in oppomite facea.
In olase II cases no such pair can be found.
Using a ring move (M) one can always achieve one of the following
nituations:

can: (L1 E1 I ET SfE BT WG
CE @3 BE Q4

Lloss g mm aEIEI
O de Lot

The sclutions are not given as a get of processes, btut as a atep by atep
guide, mo that the overall structure becomes clear. The basic ldea of the
solutions is to olve twe Tedges that ave in & favourable position (in clasa
I casen # a and b, in cless T cases redges m and d or b and & after
the first U< move), and to solve A third rwige at a convenient moment.

The expresaion 'hole x' indicates the edge position where the redge with

a facelet of colour x haa its home.

Elass I
mit. 1-4

1. TE.:rn hole a to RU-position. (R}
2, T
S, Turn hole ¢ to R=position. (R}
4. 3it. 1 or 3z U'RU

Sit. 2 or 4: ue (&)
5. T hole b to RU-position. (&
8. n%uizu'
7, {R)72



Class 1T

mit, § git, 6

1. Turn hole 8 to Hi-poattion. (R) 1. Turn hele b to RU-positien. (R)
2. U2 2. 12

3. Targ hole ¢ to Rl=positionm. (R) %. Turn hole d to El-pomitien., (R}
4, u'ggu 4. were

Se 'l‘grn hole d to RlU-positien. [R) Be m hale o to Bi-position. (&)
6, N U'H'U 6. H-u—n—gv

7. (R)UF T. (R)U

Ezamining theas steps carefully, you will find that the steps 1, 2, %, 6 and
T aolve two redges. Stepa % and 4 are inserted to aoclve & third one, Many of
the processes in issue nr. 14 make use of similar ldess.

Having solved thres redges, there is only one left., This one is solved,
orienting the midges at the sape time, uaing table 5 from issue nr. 14.

fn exawple
Take a clean (1.8, solved) cuba, keep your favourite starting colour %o the
left_and turn:
2R NP0 RURRPUPRUNCY RO U2
Thers are now four redges in the ring. Now find the correaponding situstion
in fig. 1% it's sit. 1, n class I case. The molution ia =a Tollowo:
1. Rz' this brings the edge position whera the redge at ¥ belonge to HIL
2. U
3. Rz' this brings the edge positicn where the redge at ¥D belorgm to HU.
4. U'Hz'l.!, thia puta the redge at FO betwean its home-corners.
5. ER', thia brings the adge position where the redge at UF belongs to RO,
6, Hzﬂg ', this puts the redges at PU and UR between their homs=corners.
T« R'U<, this restores the L-Tace.

B. Complicationa
The most loathmone cames are those where three or four redges form a cycle
in the R=face, To molve theas redges and correct the orientations= of the
nidges, we work through the following twe stepa:
1. Solve two redges In the R-face that are part of the cycle.
2., 5Solve the other two redges and orient the midges uaing tables 3-5
from issue nr. 14.

Te aclve two (and 1f you are lucky more)} redges from the cycle we use
U-proceaaes, ao we bring the E-face up by tha move Cpr.

The pomsible aituations are represented by diagrams that show the U-face
from above, An arrcw ghows vhere the redge at the tall of the arrow has ita
rome. If a redpe has & thick side, this means that the redge il flipped.

As will be eesn, many different aituations get treated with the aame proceas,
All F=cyclen and the 4-cyoles of the ¥ -type have mirror images. The
proceases that solva the mirror images are given after the lettera "Mi".

. Ly A Flun'u*Hur®
> £y rd - Fd k)
w ra = ra
i -4 i Mo FURURHUE
- . RV'RUMUR'UHR
Fd ) -
LY "l LY v
o ¥ H:i: RUR'WA'VRUHMA
L7 HUHAH UM
# -
L i
" i = 0
e M HWELTHYM
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Most of the croas 4-cyciea, shown balow, have mare than one way to solve twe
redges, To make this idea clear, we have numbhered the diagrams and indicated
the possible salutions with the wee of 'partial diagrams®,
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Ht. 1-6, &, 10 and 11 are solved as followa:

Fold the U-face {n such a way that two of the redgea in the 4=cycle have
to be moved mm im one of the following partial diagrans: {note that tre
redges at the arrow tails must not be flipped!) snd execute the

appropriate procesa,

Flu'm'u*nu'et

Fum'vnu F



Sit. 12=-16 are solved as followa:
liold the U-fase in such a way that two of the redges in the d4-cwvcle have
to be meved a3 in one of the following partial diagrama (note that both
aof the redgss at the arrow tsils are flipped!) mnd execute the
appropriate process,

——— , e
N AVRUMU'R'UREY RUR
) rl
I—-— .
Hit. 7 Do not worry about the poaition of the U-face and tumm:

ROTEH TR M UKD MU

5lt. 9: Do not worry about the poeition of the U-face and turn:
n2Zy2u2yed '

With theae processea at least two of the redees have bean solved. As oaly

U procesaes have been applied, ot ment one redeg ie left in the ring
(Hamely if it already was in the ring and the other three formed a F-cyele),
How the remaining red.ge{a} can be molved, orienting the midges at the same
time, using takles 3-5 from issue nr. 14,

Even though 1t ia now alwaya posaible to sslve the redgea and orient the
midges ip two ateps, it im still bad Iuck to come acroas the aituations
discussed in this article, as Lt always takes quite & lomg time to
recognize the exsct eltuation and act accordingly.

Having ?eadibed almost everything that has been developed for thia
algorithm in & aystematic way, we will Tinelly peint out soma tricks that
may speed it up a little more:

= The firat (L) face.
It is possible ta solve the first face in an averags of six seconds.

Anothar article in this lesue deals with thie.

O

WH'URUR'H

- FB-gorners and redges,
¥When anoiving the B-corners there are two waya teke already some redges
ints mocount: In the firat piace, there often are several alternatives
for the same corner situation. If you know how these mlicrnatives
affect the redges, you may be able to choose one that puts or keeps a
redge in ita proper place,

Secondly, ome may insert middle layer moves in a corner proceas in
order to affect redges differently., For iomtance, cospare L'TURD'LIOE'
and LY 'URT' IMUR".

= Hedges and positioning of midees.
¥ery often it ia pomsible to ume the last turn of a procese from
tables J=6 am the firat turn of a proceas frem tabls 7. This may save
two turns. Almso, some processes in tables 3=6 have siternatives that
have a different affect on the positions of the midges. These .
altornatives are amay to find and they may save up to threes turna,

= Combtining twe algorithas.
Jometimes the last sdge of the I=fmoe would take relatively long to
solve. In that case, one can leave it out end atart solving the
R=corners. 4 fast algorithe for the last L-edge, the redgoa and the
midpes exists, and will prohably be discussed in A future issus.



THE ALGORTTHM OF MARS WATERMANM  FART 11T
By Marc Waterman and inneke Tyasp

This mrticla will deal with an algorithm that many people uae, though 11ttle
literature fa available on it. It is & complete method that reasmbles the
algoritho depcribed in the two previous issuea. In paragreaph 4 of this
articls both methods are combined, and it is thi=s combination that Marc uses
to aclve the cube.

The method fn this article is guite emay to lesrn and with a few extre
processes it ia faster than tha csual lsyer-by-layer algorithms. With the
addition of gome more processss the 4z4x4 and 5¥52% cubes can Alsc be solved
with thie algorithe. This is described in pesragraph 5.

In this article we often refer to imasuea 14 and 15, so keap them at hand,
Wa repeat same terma and notations that were alao axplained in issues 14 and
15:

ring t+ The slice between the R and L faces.

redge + An edge that has ite home in the H faoce.

midge ¢ An edge that ham its home in the ring.

ledge + An edge that has ite home in the L fage,

M ¢+ A gquarter turm of the ring, which moves UF to FD,
(R),(R)" : (R} means one of the movee R, BZ or R', depending on the

aituatien. I (R}’ appeara in a process the inverae of the
move turned at (B) esarlier in the process ahould be applied,

hale i An edge position in the B or L face that is not solved, i.a.
not properly fillad with the right edge.

A summary of the contenta of thia article:

1. The idea behind this algordthm. :
2, The mlgorithm in ite simplest fomm, easy to learn for beginners.
3. Spesding up to 20-30 seconds.

4, Cogbining the two algorithma.

5. Adapting the algorithe to the 4xdzd and 525x% cubea.

1. The ides wehind this algordthm.
In ita aimpleat form thie algorithe sclvea the cube in 5 stages as follows:

Stage 1. The first (L) face is solved except for one adge,

2. The remmining cornars ara sclved.

3. The four redgea are solved using easy three-turrs processas.
Iuring this stage the hole in the L face ias held at the LU
position, @0 one may freely turn R, U and ¥ layers.

4, The last ledze is eolved.

5. The M layer is solved by firat arienting the midgea and then
poaitioning tham.

After the L face ig =solved [ux!:upt for one edge of couras | enly four
processes Are necessary to solve the reat of the cube 1f the thres-turms
proceases ars not counted, These four are neceasary to orient and position
the R cornera, *to solva the Imst ledga, and to orient the midges. Solving the
redges and positioning the widges can be done with three-tumn processes.,

Stage 1. Solve the L face sxzcept for ona edge. Though ne apeciel procenses
are needed, some useful tips are given in issue 15, page 14.

Stage 2. Hold the nearly completed I face down and aclve the U corners.
In theory enly two processes are necessary: one to orient cormere
and one to position them: .

m AU'BLBLEW R I RUIR'U'RUML'UR'Y'L

A gomplete table that solves the U corners in one step can be
found in 1ssue 14, page 15,




Stege 7. Hold the neazly completed face agaim on the left side of the cube,
and hold the hele in the L face at LU. The four redges are now
aolved one by one using three-turna processes, There are three
wagentially different ways in which a redge can be wrongly
poaiticned:

a) A is t .

Turn thia eodge to the D facoe with ita R facelet in the D
face, using & move of the ring. Turn the hele in whieh the
radgas balonga to the RlU-paesition by a move of the R face,

If the redpge is at IF fturn: UN'CY
If the redge ig at OB 3 o pEr
b) A redge s in the LU hole.

Turn the hole in whick the redge belongs to the XU positiom
by & move of the R face.

If the redge in the IJ hole has its R facelet in the U face
turn: UMD'
I the re in the LU hole has ita R facelet in the L face
turn: ML

ch A redgs is in the R face,

Turn the hole containing the redge to the RU pomition, and
turn UMUY ., This brings the redge into the ring, so go to a).

Sometimes the odge that belonga at LU im solved by accident in
thim atage. If not all redges have been msclved yet, just ignore
the solved edge at 1] and let it become scrambled again.

Btage 4. Bo far the R and L faces have been solved with the exception of
one ledge. liold the hole in the L face where that ledge belongs at
LU The ledge =may be in the ring or it may be flipped in the hole,
-3!

Purn the ledge to the D face by 2 move of the ring, the
L facelet of the ledeze should be in the B or ¥ face {only one
of thess poasibilities ia mchi bla by m turn of the ring),
If the ledpe ia st FD turn: U'KUD<HO'
If the ledge is at HD turn: UM'U2M')

b) The la £

Ering the Iadgs back to the ring with ane of the proceases
in &:‘; Now that the ledge is in the ring go to a).
4 little faster is the following precess, which solves the
ledge at once: TM'UM'UM'T

Stage 5. Finelly the midges in the ring are solved.
Rapeating the following proceps and.a"or waing conjugatea of it all
midges can be oriented:

UB and DB are flipped by: UN'UM'UZmumar
Tg hogiﬁvn th m‘idaﬂﬂ well known three-tuma processes are used:
H.“ or M#

EEHEB'?

A more detallad descripiion of thie stage with more orlentational
processes can be found in lssue 14, Sea also tables & and T in
impue 14,

3. Speeding up to 20-30 ssconda.

The method as described in paragraph 2 can be accelerated in many waya,
eapecially stages 3, 4 and 5 can be improved upon.

Accelaration of the Znd stage:
Jaing the teble in isaue 14, page 15, 18 a lot faster than
orlenting and pesitioning cornera in sepamate atages, though the
number of processes naeded ia of courase rvather large.
A good alternative ia to learn for each orientaticnm the shortest
procass and all poaitioning procesasa.



Acceleratien af the %rd to Sth stage:

The redgos, the ledge mnd the midge sare now solved as followa:

a) Selve two redges using the three-turns processes from parsgraph
2, stage I.

b) Solve the third redge together with the ledgs. All possible
aituaticns can be found in feble & at the end of thie article.

If the ledge happened to be solved after the two redges were
completed, one cen profit Crom this iz one or both redges ere
in the R faoce. In such a csae use table 3, 4 or 5 from i=msus
14.

c) 3olving the last redge and crienting the midges is deme in ane
procesa, using takle 5 from issue 14. If the lust redge was
accidentally solved in b), then use table & from igsue 14.

d) fosition the midges, using table 7 frowm issue 14.

. LCosbining the o_al ithme .

If, alter solving the corners and thres edges of the first fece, the
egntre of this Fece iz not solved yet, then use the methsd from issues 14 and
t5. If the centre ia splved, then see below.

(ne haa an approiximate chance of 40% that it tekes 4 or 5 turne to aolve
the last edge of the first face. In addition, it ie often difficult to eolve
this edge feat because 1t ia at the B or D eide of the cube. In such ceses it
im better to just forget about this edge and to use the algortiha described
in paregraph 2 of this article.

If on the ather hand the edge io easy to aolve it 18 faster to use the
methed from issues 14 and 15.

In short, the last-edge poaitions of the firast face which cen be solved
fester with this {=ssus srs the following (hold the firet face sz U face):
- The 4th edge ia flippad im its home poaition;
= The 4th edge has its U facelet in the [ face;

- The 4th edge ia in the B layer and cannot be solved in throee moves;
= The 4th edge ia not wisible without moving the cube gz & whole.

Semetimes it io useful to swith from the methed fras paragraph 2 to the
methed from issues 14 and 19 in a later stege: If you have chosen the method
from this isgue, and the lewt ledge happens to become solved while molving
the redges, one can profit from thia by awitching to the sppropriate atege
of the mathod from issues {4 end |15. An ezample:

Say that the ledge becomes solved when the eecond redge ie zolved. Then if
the Ird and/or 4th radge are in the B face, one can uae teble 3 or 4 from °
isaue 14. If both radgea are in the M leyer, then sclve the third uaing
process s or 2b from table 5 (issue 14}, and orient the midgee while sclving
the last redge, again using table 5.

- Adepting the salgorithm to the 4 and ophes.,

For nxnrn cubea in general, we remind you of our notation explained in
issue nr. 10:

-

kR, = first layer from the right T
LR W S S ~V, . D,
Rz w  patond lsy'.r from the right o - - Uy « Do,
R = last layer fzom the right ftanans ;
. : U VAR .Y
- -, o« Dy
Thia impliea that R = L' ete t '
o T . ot RaRi AR
Ly by Lo b



Some short notaticne are: 312 instead of R1R2 {R12 remaine length 2)

&123 instead of 31]12‘35 . etc.

T9 denote the individusl pieces and poesitioms, we use three capitale fer
tke cornera, twoe for the edgea, and ome for the centrea. For the edges and
centres we add subscripts that show in which layer the edge is, or in which

leyern the centras ars, a.g.7 o
— 4

jgﬂ‘u E | Faui
R

We will call the layers Ry y.uy By 4 the K layers of the nynEn cube.

The 4x4x4 cube can be solved in B steges using an adapted version of the
nethod from paragrephs 2 and 3 from thia article. Using this method Merc
averages 90 seconds when solving the cube.

dtage 1.
Stage 2.

Stage 3.
Stage 4.

Stage 5.

Stage 6.

Stage T.

Solve the 4 centres of one colour. This im the U colsour.

Put the four corners that have a U fecelet in the proper
position in reapect to each other. The method from issue 15, page
15 can be used. Turn only the outer faces so that the centres can
be ighored.

Turn the U centres between the ¥ cornera,

"Solve the U sdges except for one pair. The sdges can be solved

one by one or in pairs, the lsst being fester, though it reguires
soxe experienca. The procssses for thia stage sre simple and will
nat ha discussed heare.
dolve the corners of the opposlte face, holding this face up.
Table 1 from iesue 14 cen be used,
Apply CF,aa that the U face becooea E fece, and the nearly .
cpmpleted firat fece is now L face. Hold the hole in the L face
in the LU position. A41ll redges can now be solved &s in stage 4 of
paragraph Z, uwaing only B, U and ¥ woves. Aguin, solving them in
paire ia fasteat.
Solving the laat peir of ledges. There sre five possible
aituationar
a) The ledges mre in different ¥ lavers.
Put them gd jecent to each other by g turn of the ‘EE or Lo
layer. Then sclve them uaing process 2a or 2b from table 5
{issue 14},
b) The ledges ere in the same M layer.
In this case, turn the N layer containing the ledges In much a
way that sae 1635\! is in the U face, and one ls in the D face.
Then apply U = + Tho ledges are now in different M layers,
5a go to n}-
2] fne led B the L f 4 it 1i .
The ledge in the L face can be in two pomitions, and in both
ceses we hava iwo procesaes, because the ledge in the ring
can bé brought to only one of the reguirsd atarting positions,
Firast bring the ledges into the required positions, wsing an
M mowe, then turn the process (remesber, the first letter
indicetes where the 1, facelet shoulid be)q

ledge 1 ledge 2
L L) =3} - - ¥
py, T,  URLGUTRUR,U

Wy  Hy  URULIR,,U




Btage 5.

Stage 9.

ledge ledge &

AR [T YIRS F
ULbE FDPE . RZEU LEJ REEU
Tz By TR 5 TR UR 5.
al) e lad is ra solved.

hgmin there are four processes:

lodge 1 ledze 2

L 2 DF’12 URE‘UELEU
2
Lurz DErQ U'LEU HéU'
2
1
LUh2 DFIE ULEU REU
2
i ¥
Lth D:Blz U’R?‘Ll Ler
e) The ledpes are exe in the L face, so both appear to be
flipped,
Turn: U323UR23U323U

Having sclved all redges and ledges, we are now going to aolve

the midges.
Firat we asolve the midges of the D face, which f8 not toe

difficult, It cen alwseys be done using the well known eidge
positioning procesases for the 2x3x3, and the Following procasses;

vipg? o v, vy, vyt

The only edges that atill neesd to be sclved are the midges in the
T face. All possible situations Are listed in table 8 gt the end
of this article. An example of the notation used in thia table:
The rectgngle is g repressntption of the midges and
centres of the U face. Arrows show whers the midges
should go in order to get solved, and black Bides
ahow which midgea appear to be flipped.

Az each edge can be in only one crientation in each
location, these orientaticmel black sides could have
been ocmitted, but we think the diagrame are clearer
with them. .

The centres can be solved using the following procesa, esnd
variations and/or conjugstes of it:

A e
L2U2L2 4] L2U2L2 U
Thiz preocess works
on the centres aa <
is shéwn in this
diagram;

Apply the process
slowly, ac that
you see how it
works!

The following veriatione are bessed on the egme principle:

= 2
BigUsRoy U Rylofas U

RIU.R -Uzoﬂéﬂéﬂg v

—

2272

Some other useful processes are:
2272 20 2 .

BoRZBIR, end  R3UTLIVESU 12y



The 5:5x5 and larger cubes give no new problems, and can be aslved with
the processes for the 4xdxd and 3x3x7 cubes.

Some st re B.

Thie waa the last article in the =seories about the =zlgeorithm developed by
Mare Watermnan and Desn Erammer. The art_i.clea include nearly everything that
has been developed for this algorithm einece 1981, Ko major laprovements can
be made that do aot viclate the basic ideas of the method.

The processes pn cornera have been checked by Ben Jos Walbeehn's progren
up to ten moves: he found one accelarsticn. The processes in the A-0-N—group
have been checked by Dsen Erammer up to 13 movas,

How tc read table &,

Table & showe all posaible eilfualtions thet may arise when you want to
solve cne redge and the laat ledge, Twe redges have already been solved.
There are & typee of situationa:

1 - 7 : Thke redge and the ledge that have to be 2o0lved are already in the
LU and AU positions, but not sclved yet.

B - 15 : O(ne of the Swo pieces t¢ be molved is in AU or LU, the other ia
in the N layer.

16 ¢+ HBoth the reige and the ledge to be solved are in the ¥ laver.

17 - 22 1+ The ledge ia in the LU peaition, though not asceasarily aclved,
and the redges are sxchanged in the B face (i the redges wers
not exchengad, we could have found one of the aitustiona 1 = 15}.

23 - 26 : The ledge ia in the A fmce, and forme a F-cyecle with the two
redges that remain to be solved.

21 - 29 ; The ledge iz in the B face, and the redge thet has %o go $o the
hole ooccupied by the ledge is aleo in the R face.

To deseribe the situstions we use squares thet denote edge positions. Thers
ars four types of oguarest
+ The edge peaition is occupied with m ledge or a redge, which is
D nat flipped, i.8. the K or L facelet 18 im the R or L face.
P77 The adge posltion is cccupled with a ladge or s redge whick ia
flipped.
V, : The edge ponition ia occeupled with 2 redge or m ledge, but it
Nir is not important whether it iz flipped or not.
r===: The edge poaition dontains & midge.

M "
B [
M

ArTown from one adge position to ancthar ahow hew the piece im it has to
be moved in grder to be selved. Double arrows indicate an exchange of pieces.

If one or both pisces to be solved are in the M layer, & peir of lettars
inticstes whare the piece(s) have to ba bafore executing the procsss. Thia
pogition can mlwsya be achieved by & move of the M layer. In situations
8 =15 and 77 one piece i in the M layer, and it can be brought to only
one of the two indlcated pealtions, as they are mirroer imeges. In eituation
16 both pieces to be solved are io the M layer. The situstiona a-f are
eagantially different, but each hga two processes as there are mirror images.

In ahort, it is alwsya poseible to produce cne of the situations, .wsing

at mozt ome R move and one M move.
Note that it not mlwey® pessible to Find outb what s situetion looks like

by turning the iaverse of & procesal
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R D*R*D'R* AD'RO'R RiD'"p's"
RDRE'RD'A RIOR:D'RDR R*'DRD'R'
ROB'D'BRY RFD'F’
A'DR'DRO'R* RID'R'OR'DA
R'D*FDF'AY

FDF" &'D'R R*DRPpRY

D'RDR

b

R'DR'DR

R'O'RDR R'DRO'R’
R'8'DE

ROR'D'R Ro*R'DA

R'DOR*D'RY D'RF'RYER
RO'R*'D*R'DR
‘R
\B|

o'e'o'art pR*'O*RO'N
R'OAD'A*DR’
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Selving oo redges

Beth relges are in bhe ring, Given ore bhe positions of the redge dhot belongs of RY and
tha ofher cudge Heok will b selved,

0 BD ut (Riveto’ (RY v -7-
we ©f VHRIMURY wRY S -y
vE  FD UHuRtu (RYMU Y PN
8p oOF yr' RIMURY® -8-
FO DB wrtu Ry E'Y -8
PITE ) vrRINUH untu Ryt -le-

Cae redge iz in bhe ring, the olher i3 in Fhe RU hole,

or My RIuny -7
1] u'nu RN A -1
or T YLV RTT Y iy -y-
oB uRIunu RO -1~
or v ety iRy -5

.1 Uirjun' vt ntu Ry v -5~
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Salving bwo cedges alrendy (o he Rfoce and otiemting all midues
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