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Invitation of Group Theory to Mathematics of Technology
Applied to Rubik’s Cube 3D Simulation on PC
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— (2 of 12) Introduction (continued)

FEdmatE D/ (Group Theory historical)

2 e (quadratic equation)
known already in Oriental Era (2000 B.C.)

3 FFFEHX (cubic equation)
G. Cardano (1501-1576) " s formula
N. Tartalia(1499-1557)

4 5 (quartic equation)
L. Ferrari (1522-1565)" s formula

5L ED IR (more than 5th order equation)
J. L. Lagrange (1736-1813),
A. L. Cauchy (1789-1857),
N. H. Abel (1802-1829),
E.Galois (1811-1832)
”impossible to solve”

Fim OFEAE Birth of Group Theory
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— (3 of 12) Introduction (continued)
B OGS Group Theory currently

wrbF, BB A7
quantum chemistry, electronic state, spectroscopy

FRIE, 7 +—7 . T
elementary physics, quark, galaxy

BEBIE, 7+« RS OXFRE

wave equation, molecule and atom: symmetry

Water (H20) C 2v
Benzene (C6H6) D 6h

F. Albert Cotton:
“Chemical Applications of Group Theory”
John Wiley & Sons (1963).






— (4 of 12) Group Theory and J

"B WHEBLZ L ] SEE
Idea of ”Group” based on J

e - BI%k. ALEE (R

verb function, procedure, operation

Hoio (FEHR)
element of group

£wa - B T—H
noun value, data
[
H£E

set

R LHERT T Eo & 0 KB LA AR B AR,

)

You should not mix up the words, ' Group’ and ’Set’.
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— (5 of 12) Group Theory and J (continued)
ics H£E
group set
PURIBE SR, SR 72 & %
add, mult,.. square_root even number
+, %, sqrt, ... 2, 4, 6, 8
2 mARRE DO HAE
dihedral operation
[E]#5 (60° 120° 180° ). &%k E3ME, E6MAF
rotation, mirror triangle, hexagon
)



— (7 of 12) Rubik Cube and Group Theory

JL—E Y7 « X a—T OEIDOLH]

J—E s 7 E/INIZLL T O 54 H O SCF O W N xS T 5,

RUBJ =: 9#  ULFRBD’
RUBJ
UUUUUUUUULLLLLLLLLFFFFFFFFFRRRRRRRRRBBBBBBBBBDDDDDDDDD
INERRLT LT AH-0D Y — L display I X VR,
display RUBJ
F——t
U |
\Uuu|
| UuU |
|LLL |FFF |RRR |BBB
|LLL |FFF |RRR |BBB
|LLL |FFF |RRR |BBB

'DDD |
'DDD |
'DDD |
F——t



— (8 of 12) Rubik Cube and Group Theory (continued) ———————-
IV—E w7 « Fa—TOEEIT 3 x 3 x 6 = 4HDONL—Ew Z /N (Cubelet) D
3 WRITZERIN DX TEDIER Th 5,

ZHUITEY HAHTEA )2 JTIEHERO L HIZLTROBND,
(I 8x) * (! 12x) * (3x"8) * (2x"12)) % 12x

43252003274489856000 = 4. 325..x10720

8{EH D corner cubelet(3) & 12fH D edge cubelet (2) DA D

HaaxHnws e, L—bEv 7 « Xa—7 08X |3F U
[FI785.4% (Isomorphisms)
AT O EHEED
& =& 4 2 (permutation) |
ELTRIBL, BT 52 LN TE5,

N—Ey TEAEZ RO L 54T 5,
b1 (Up) OFEEFE DD (cew) & u, REetEH 0 (ew) 2 U
Al (Front) ONEEF £V (cew) &2 £, HetEHV (ew) #F
A (Right) DR £V (cew) v, BEEHY (ew) 2R
i (Left) D ED Y (cew) 21, Kt EDHY (ew) 2 L
i (Down) D REEFE DY (cew) % d, Bt EH 0 (ew) 2D
i (Back) ONFEFEH Y (cew) b, Wt FEHD (cw) & B

JL—Ey 7 HE/N (Cubelet) ~DA > F v 7 AR RD L HTT 5,
e R
o] 1] 2|
R e
| 3] 4] 5]
F——f—t—t
| 6] 7| 8]
F——f—t—t

L 9l10]11]]18/19]20]|27|28/29]|36|37|38]

12]13]14]121/22/23]130/31/32] (394041

115]16]17]124|25/26] (33|34 /35| (42|43 |44

F——t—t—t
1454647
F——t—t—t
1484950 |
Attt
1515253
F—t——t—+






— (9 of 12) Rubik Cube and Group Theory (continued) ——————-

7-&z21E, V—Y v 7 ORiHE. KKE (cew) DOEES £1X, ROKEA »F v 7 A TR
b,

f=: (18 20 26 24); (19 23 25 21);(6 27 47 17); (7 30 46 14);(8 33 45 11)

INEHEST, JOTYIT 47 CAC K 0 KEE#REZIT D,
f C. RUBJ
UUUUUURRRLLULLULLUFFFFFFFFFDRRDRRDRRBBBBBBBBBLLLDDDDDD

display f C. RUBJ

+—t

\Uuu|

U |

'RRR|
|LLU|FFF |DRR | BBB |
|LLU|FFF |DRR | BBB |
|LLU|FFF |DRR | BBB|

| | | | |
T T T T T

|LLL|
'DDD |
'DDD |
F——t
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—= (10 of 12) Rubik Cube and Group Theory (continued) ——————-
H oML, FEIZA TN 9,

Enter:
WRubik °>  => Rubik_OPGL. doc

Path =: 2{. 1!:40 "’
0!:0 < Path,’ ¥j305¥user¥gi ju_Rub_Group. js’

— (11 of 12) Rubik Cube and Group Theory (continued) ——————
J Rubik ¥ AT LEFITLTH LI,

Enter:

D

run

Path =: 2{. 1!:40 "’
0!:0 < Path,’ ¥j402¥userYopgln_rubikj3. ijs’



J-OpenGLIC X AN—VE 2T « 2 —TD3DITTFGT7 49T RA—2
—&in (B, KEE#H) L3 —VE o 78EL s T A—

)l F%

JOpenGL D 3D 7' T 7 4 v 7 AW —E Y7 « Fa—T0OEHE I 2L —3
DT T T HIONT, FICHELEZ [1] , ZoLEFL—rYyr70@&%s J TH
Wa—F o7 Lz, L L, 20#%, V—E v 7 « Fa—TOBEIHGRO»->
IDT—=ThHhdH I LN BT J &2 2D MEINOWER 21T 7, [2]

Fo. EEEICER, L —E YT c Fa—TDOROOBEMAMETH D
D. Joyner, “Adventures in Group Theory: Rubik’ s Cube” DERZE[3]% R-ol)F7-,

AENIZEDOHBOERE L LI, V=BT c Fa—TEREm - EREE L TORS
T, B0 J7mrIaxREL, ABEZMAT-OT, ZUIDONTIERD,

1. @ N—btyvr « Fa—7

Bl L FFEZOLONREHITEN) | KEOHMEOEE 2 BT 5012, [ U
B2~ FEMICIIFIE B4 isomorphism & 5 9) HEOEBELIRAFHT5E 2
FOY—=NIEEEZ LD, DF VMBI EF CICEOERDOIZ O NI ETh
Do W—EYT « Fa—TIZROLTILAEREMOMEITZ—27 Y v RROEXIT7 ADK
FIZIEH L TH, SO DHICITEHODOITHS, LrL, Bfoar Ba—#
S THBER O DNDONICHAETH D, BEmILE 9 W HIEEROTIERWEA D
A

(i 4 )

LTI FEOA THO facet Z U OH FHICBEI S E AL —F U ThHDH, L
ML, ZOLXFREFZ, ZOMDELL D facet IZHHEE H 2T\ 5,

< Rubik Cube Simulated
Help

! Compile
Step

RfrF

Auto

ClearProg

EEEEL

Reset
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RIFNV—E 7 « v X—= NI TWLTIES LOWKIRIE4] Th D, B %
FAFEFIZ 2 721 D facet DM EXZHbEDLE VI EIETH D,

TR ANRICH B LHEEEZ AT, Auto RH 2T L B TEITSND,
F72, Step RA U TIET VAT v 779, TORRIILLTFTDOLEEBY TH D,

J Rubik Cube Simulated
Help

EFEFEFFeFeFe FF

GIearPrugI

Compi Iel
Step |
ClearProg|
Reset |
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