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IMS2-RC-NamesEtc.f95
'2025 01.17.1700cst IMS- The variables of Min-Steps Rubik's Cube solving.
Computer- "T4"/HP-800-G4-Mini/i7- 8700T/Inte1UHD630/W1n10Pro 22H2

! Aname AMfgr.Id Achipset Agraphics  AOS
! /AbsoftProFortran 21.0.2/0penGL+Glut3.6
! Acompiler AFortran graphics

1"Min-Steps.pdf" introduces this software.

!Table of Contents - ToC:
IModule MS2RCDef

| - 79
Module MS2RCDef 12024.07.10
V/I17171777717777077777777777777777777777777/7/777777777777
luse MS3RCDef, only:
Implicit none
l-—- SER Analysis Scope: -——--———————————————————
character(64)::cTitle !Title of the Analysis
integer(4) ::RubSize !=2: 2x2x2 Cube
1=3 1=3: 3x3x3 cube
integer(4) 1iType 1=2:Existing- 2x2x2- for visualization
1=3: - 3x3x3- for visualization
!=4:LuTGen- based on (nLoMin,nLoMax)
1=5: - based on nTracksTot & Track
character(64)::EnvNml !Namelist input file
character(64)::cFileout!Name - of the oOutput file
character(64)::cLuTout ! - of the Lookup Table
l-—— Emulator (model): --------——-———cmmmm -~
!-—- Rubik’s cube Emulator array:
integer(4) :: AECAV(0:19,24,27) !nAout<-(nCin,nAin,nvin)
l--- Moves & Choices => Sequences: ---------—-———-
l--- Moves:
integer(4)::Mmax=30 !Moves - maximum ...limits an unknown array size
!Tt turns out that Mmax =15 suffices to solve
12x2x2°s, but I wasn't able to predict that.
|
!linteger(4)::nm IMoves - index - defined locally in subroutines
integer(4)::Mtot ! - total
integer(4)::Mused ! - total used thusfar
integer(4)::D ILevel - the minimum total number of moves required
! to solve a given Result.
! ~ "the height above solved".
integer(4)::Dmax ILevel ~ worst case Result
l-—-- Choices: —-—-———=——— -~
!linteger(4)::nC !Choices- index - defined locally in subroutines
integer(4) ::Cmax &! - max Rubsize=3:
= 18 ! 6 faces with -90,+90, 180deg. rotations
integer(4)::Ctot &! - total Rubsize=2:
=9 ! 3 faces with -90,+90, 180deg. rotations
integer(4)::Cc(18) &! - maps nC values to Emulator (model) variables
=( 1,2,5,6,9,10,13,15,17, 0, O, O, O, O, O, O, O, O/) !2x2x2
'= (/ 1,2,3,4,5, 6, 7, 8, 9,10,11,12,13,14,15,16,17,18/) !3x3x3
! Ctot non-zero values are left justified
integer(4)::nCinv4(0:19)=(/0,2,1,4,3,6,5,8,7,10,9,12,11,13,14,15,16,17,18,19/)
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l--- Sequences:
integer(8)::ns8
integer(4)::MCc(30)

character(SO)"cMCsymb'
integer(8):

integer(8)::Sfound8 ! -
1nteger(8)::Stot8 ! -
integer(8)::Smax8 ! -

l--- voter(s) & Attitudes => Results:

:Stried8 'Sequence decimal- tried,

a Sequence => the Moves scramblins a solved cube
!Sequence- #- decimal
lone Sequence- MC(1l:Mused) Moves,
I

note: i*8, can be huge

each with a Choice value

in ¢(nC®),nC in [1,nCTot]

- ... a character string of MC- for printout
report in Csymb format (1x,al) (1:Mused)

some with dup11cate Results

- total number- found thusfar

- - of/for all Results

- 24AMtot

Results <=> cube scrambles

l--- Voters: voter(s) <=> cell(s)
!linteger(4)::nv Ivoter - index - defined locally in subroutines
integer(4)::vmax &! - max - supported by array sizin
= 27 120 cells max
integer(4)::vtot &! - total - to solve for
=8 18 cells
integer(4)::v(27) &! - maps nVv values to Emulator (model) variables
=( 1,2,3,4,5,6,7,8,0,0 &
,0,0,0,0,0,0,0,0,0,0 & .
,0,0,0,0,0,0,0 /) 12x2x2 cell# s
I

integer(l): Vtogshow IVA(1:Vvtot
I

l-—- Attitudes:

!

!linteger(4)::nA IAttitude -
integer(4)::Atot =24! -

l-—- Results:

integer(4)::VA(27) !one Result-
|

vtot non-zero values are Teft justified
number & report in decimal format (i3)
show) are displayed

Attitude(s) => 3Dof rotation(s)
cell translations are implicit
index - defined Tocally 1in subroutines
total
Results <=> cube scrambles
VA(l:Vtot) Attitudes, each with a numeric
Attitude value in [1:Atot]

character(27)::cvAsymb! - VA(1l:vtot) as a character string- for sorting
! report in Asymbol format (a8) (1:Vtot)
!Tracking 3x3x3 rotation of the on-axis cells (#21-#26)
! & the center virtual cell (#27) is supported
! & simplifies animation.

character( 5)::cSparel!...round to 32 bytes

character(27):
character( 5)::cSpare2!..
!--- recursive Indexer:

.round

integer(8)::
real (16) rl6H8 !
integer(8):: nRaccumSE -

|
real(16) ::rl6accum8! ..us
integer(8)::Rfound8! -
integer(8)::Rtot8 ! -
integer(4)::iRvalid! - 1is

l---- Sequences & Results record(
ISequences- of 30 Moves
IResults - for 20 Voters(s)/cell

:CVAtest!VA symbolic input test

to 32 bytes

H8 !Handle- decimal- # (index)

- recursive accumulator
= predicted Rtot8 value
integer(8) maxes out at ~<9.2el8
ed to warn of A... counts to ~ 5.0e30

- total number- found-
- of/for all Results
new (not found before)

S): --
- maximum
s_

type :: SRrec;sequence ! Bytes
integer(8) ::nS8 ! index - of Sequence Sr(ns8)- decimal ~<9.2el18 8
integer(8) ::H8 !"Hand1e"- of Lookup Lr(H8 )- 8
|--Moves & Choices:

1nteger(1) > :Mused IMoves - 1in use, VMC(O) 1
At A~nAnl s s AL« DN Il et AAN -I-I—l’\ vimnTdiitAar AarA mAaAdAT "AlhAas ~A~TT N
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HiLeyer (1) S aMIC L. DUy
I--voters & Attitudes:
integer(l) 11 Vtot

character(20)::cvAsymb

integer(l) 11 VAQ20)
end type SRrec !
type(SRrec)

type(SRrec)

type(SRrec)

type(SRrec)

type(SRrec)

type(SRrec)
type(SRrec)

type(SRrec)

ltype(SRrec),allocatable:
ltype(SRrec),allocatable:

r:resetSrk
1:Srprev
1:Srseed
::Srl
1:Srtry
::Srbase
::Srn
1:SrTestIn

SVMIC (L. MIUDEU) LI valuc> dal c© 1nuuci CliviIcee>
lvalues as decimals, report in CEsymb format (x1, al)

!voter(s)- total being analyzed 1
ISortable character version of VEA(l:Vvtot) 8
! report in Asymbol format (a20)(1l:Vvtot)

IVEA(l:vtot) , the values are "Attitudes" 8
Total: 64
!Total: 88

:sr(:)
:Rr(:)

!Sequence records
IResult records

integer(8)::nSeqs(4,0:40) !(nSeq|nlst|nLast|count,Sequence#)
integer(4)::nSeqPrev 'Sequence# previous
integer(4)::nSeqgPres ! - present

|

l-—- "Emulator™ initialization Requests record: -----

! (used by the .nml files):

type :: Erec Sequence lEin: 2696 bytes
integer(4) :Einsize
integer(8) :Zonebimsize
integer(8) ::ZoneFound
character(60)::cTitle !Title- of the Analysis

lExport filenames:
character(60) : :NameRoot! - Root of run export filenames

..these FileNames are expansions of NameRoot:

IEharacter(6O):

:cSummaryout IName = %Nameroot +"-Summary.txt"- an ASCII file
character(60)::cRrAsciiout ! = +"-RrASCII.txt"-
character(60)::cSrBinary ! = +"-Sr.bim" - a binary file
character(60)::cRrtoSrBinary ! = +"-RrtoSr.bim" -
character(60)::cEinBinary ! = +"-Ein.bim" -
character(60)::cRrtobisBinary! = +"-RrToDis.bim" -
integer(4) 1iType 1=2:Existing- 2x2x2- for visualization

1=3: - 3x3x3- for visualization

1=4:LuTGen- based on (nLoMin,nLoMax)

1=5: - based on nTracksTot & Track
integer(4) ::RubSize !=2:2x2x2;=3:3x3x3

|-- define the voter(s) = cell numbers:

integer(4)::vtot
integer(4)::v(27)

!Voters- total- ana1yzed
'V(l Vtot)- cell#'s being analyzed
- [1:27]:0on [0]:off
! number & report as decimals format (i3)

|-- define the Attitudes = cell rotations:

integer(4) 11VAQ27)
character(27)::cVAtest
|-- define the cChoices
integer(4)::Ctot
integer(4)::C(18)

|-- Define the Moves:

IRaid input- numeric VA(l:Vtot)
! - symboTlic version of VA(l:Vvtot)

= face rotations allowed:

!Choices- total-

'C(l Ctot) face rotations 1in use

! - [1:18]:0on [0]:off

! number as decimals, report in Csymbol format (al)

a Move 1is any one face rotation:
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187 integer(4) : :Mmax IMoves - maximum ...limits an unknown array size
188 !--- visualization variables (if applicable): ) ) )
189 integer(2)::Mtotvis IMoves - total- for visualization

190 integer(l)::MCvis(1:1022) ![1:18] ->print as™iAtt"([1:I])~hex
191  dinteger(l)::vtotshow IVA(1l:vtotshow) are displayed
192 linteger(l)::Rfirst( 27)!Result- first- values[1l:24] ->print as iAtt[a:x]

193 linteger(l)::Rlast( 27)! - Tast -

194 linteger(l)::ilSpare2(7)!

195 linteger(8)::RfirstnR ! - #- first- applies to 2x2x2's

196 !integer(8)::RlastnR ! - - Tlast - (3x3x3: no sort#'s yet)
197

198 !wisdom Zone variables:

199 integer(4)::ztot

200 integer(4)::z(9)

201 integer(4)::nz

202 character(60)::czrFilename(9)
203 integer(4)::zMaskNeed(20)

204 integer(4)::zMaskfora(20)

205 integer(4)::Vsizez(20)

206 integer(4)::Mtot

207 end type Erec

208 type(Erec)::Ein ,Einreset! --------—-—--———————————

209

210 !--- wisdom zZone variables: Each zone is a Wisdom subset:

211 integer(4)::ztot !Zones- in use-total

212 integer(4)::z(9) ! - in use [1l:nztot], Teft justified
213 type(Erec) ::Einw(9) ! - parameters of the each wisdom rec
214 character(60) chF11ename(9)

215 integer(4)::nz - currently in use

216 integer(4)::ibiscord( 0.9)

%%g integer(4)::norder( 0:9)

219 integer(l),allocatable,target::Zonel(:) ! 253440 = (24,24,22,20)
220  integer(l),allocatable,target::zone2(:) ! 11022480 = (21,18,15,12, 9,6,3)
221 integer(l),allocatable,target::zone3(:) !185794560 = (18,16,14,12,10,8,6,4,2)
222 integer(l),allocatable,target::zone4(:) !

223 integer(l),allocatable,target::zone5(:) !

224 integer(l),allocatable,target::zone6(:) !

225 integer(l),allocatable,target::zone7(:) !

226 integer(l),allocatable,target::zone8(:) !

227 integer(l),allocatable,target::Zone9(:) !

228 integer(l) ,pointer::ZonePnt(:)!

229

230 !'--- symbology for counting in base 24. Choices don't use the zero.

I
231 ! This adds sequential upper case G through N to the hexadecimal character set
I
I

232 ! while avoiding confusion between the letter "0" and zero:"0".
233 | Rubik's Cubes have up to 18 move choices.

234 integer(4)::Csymbol1(0:23) = (/ &

235 | o 1 2 3 4 5 6 7 8 9

236 ! IIOII lllll IIZII ll3ll ll4ll ll5ll ll6ll ll7ll ll8ll ll9ll

237 48, 49, 50, 51, 52, 53, 54, 55, 56, 57 &

238 |

239 ! 10 11 12 13 14 15 16 17 18 19 20 21 22 23

240 ! IIAII IIBII IICII IIDII IIEII IIFII IIGII IIHII IIIII "J " IIKII IILII IIMII IINII

241 , 65, 66, 67, 68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78 /)

242

243 1--- Symbology for up to 26 Attitudes: (Rubik's Cubes cells have 24.)
244 | Zero indicates that no attitude is defined yet.

245 1nteger(4) tAsymbol(-1:26) = (/ &

246 ! :=-1 "unused"

247 ! "." =0 "no attitude defined yet"

248 ! -1 0 1 2 3 4 5 6 7 8 9 10 11 12 :offset 96
2740 1 L T L L R R R S L O Tt L L L L R T O T R I TR T D TR T e I
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L4 H 0 a 9] [ u < 1 \_.J 1 1 J N 1

250 32, 46, 97, 98, 99,100,101,102,103,104,105,106,107,108 &

251 !

252 ! 13 14 15 16 17 18 19 20 21 22 23 24 25 26 :offset 96

253 ! llmll llnll IIOII llpll llqll llr‘ll "S" "t" llull IIVII IIWII IIXII " " IIZII

254 ,109,110,111,112,113,114,115,116,117,118,119,120,121,122 /)

255

256 !--- For sortable symbology supporting up-to base 53 counting

257 | and 52 Choice sequencing: see Utilities.f95

258

259  dinteger(4)::RaidInit = 0

260 !---"Result address id" = "Raid" for a group of Voters&Attudes

261 ! "Attitude Tocations of voters" = "AIV", in solved order.

262 ! the present Attitudes define where each voter/cell has morphed to.

263 ! Recursive Function Indexer() realizes the complicated addressing.

264 type :: AlVrec;sequence !

265 integer(4) ::n Ivoter - #- Ein%v(n) order cell#
266 integer(4) ::nv IVoter - # cell#
267 integer(4) ::nA lAttitude- rotation#
268 character(1)::A1(24) !Attitude(s)- in location group order

269  integer(4) .:mdis(24) ! - moves to solved

270

271  dinteger(4) ::nAl(24) ! - Al order- all - decimal

272 integer(4) ::nAloc(24) ! - A order- all - locations ***pew***
273  dinteger(4) ::nlused !Tocation - used

274 integer(4) ::nAavail IAttitude(s)- available at each recursion Tevel

275 integer(4) ::nAu(24) ! - (1:nAavail)

276 integer(4) ::nAused ! - =

277  integer(4) ::nAcount ! - = PP?70?°7°°°0°2°27°°27°277?7

278 integer(4) ::Tavail(20)!locations - available
279 end type Alvrec !
280 type(Alvrec)::resetAlv

281 type(A1Vrec)::A1V(20) 'Raid record for each cell

282 type(Alvrec)::Rvbase(0:20) !Result Voter(s) sequence- Baseline i.e.: all

283 type(Alvrec)::RV (0:20) ! - RV(EinkVv(1l:Vvtot))

524 ltype(Alvrec)::RvSto (0:20,3)! - For voting | e s
5

286 !--- vote groups: 2024.08.27

287 type :: Vgrec sequence

288 integer(4) 1:v(20)

289 integer(4) ::VA(ZO)

290 integer(4) ::Maskneed(20,3) !must be >0

291 integer(4) ::Maskforl(20,3) must be ones

292 integer(4) ::iFlag

293  dinteger(4) ::ibiscord(0:9) !bDiscord (0) = total, =-1: all invalid,

294 ! = 0: solved

295 ! = (1)*100 + (2) + (3) when they are >=0

296 ! (1) = Groupl *100: [ 1,0,..,800

297 ! (2) = Group2 [- 1,0,.., 11]

298 ! (3) = Group3 [-1,0,.., 11]

299 character(40)::cvgFileName(3) !data import filenames | Fedese e

300 end type vgrec

301 type(vgrec) ::Vgzero, resetvg

302 type(vgrec) 1:vg

303

304

305 l—mm -

306 !Contains

307 1 mm e - 79

308 '//////////////////////////////////////////////////////////

309 End Module MS2RCDef _—

310 = m s e e e e e e e m e e e e mmm—emmm e m e
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Ims-rc analysis <=> Rubik's Cube EmuTlator model
! voter(s) <=> Cel1(s): 8 corner cells are solved in a 2x2x2 cube.

#:1, 2, 3, 4,

5, 6, 7, 8

2024.11.13

:12 more edge cells are solved in a 3x3x3 cube.
9,10,11,12,13,14,15,16,17,18,19,20
In addition, face rotations can be accumulated by:

#:

#:21,22,23,24,25,26
: 1 imaginary center cell

!
!
!
! : 6 on-axis cells:
|
!
I

&

#:27
! Ccell diagram: +X Axis Face# choice() | ->hex:
! / -X: 1 #1, #2 #13|] 1, 2, D
! / +X: 2 #3, #4 #14| 3, 4, E
! (+1,-1,-1)= 2----- 11------ 4 =(+1,+1,-1) -vY: 3 #5, #6 #15| 5, 6, F
! /| /| / +Y: 4 #7, #8 #16| 7. 8, G
! 9---——- *21----12 -Z: 5 # 9, #10 #17| 9, A, H
! /1| /1| / +Z: 6 #11, #12 #18| B, C, I
1(-1,-1,-1)= 1———1—10 —————— Rotation:[-90A +90A 180A - + 180]
I X Y Z
! 14--]|-]*24-]-|-16
! U110/ _
! 22---|*27---|%25 ....+Y-> Choice(7,8,& G)
! /1 | /1 | / Indices: 1-thru- 8 are corners
! 13---—-- *¥23----- 15 : 9-thru-20 are 3x3x3 edges
! | | : 21-thru-26 are 3x3x3 face centers
! --1-119--]-1-8 =(+1,+1,+1) = ——mmmmmmmmmmm——o——
! / / / : 27 accumulates rotations
! 17----]%26---|-20 0 pure Euler rotation
! / /. / (face 1independent)
'(-1,-1,+1)= 5----- 18------ 7 =(-1,+1,+1)
! Solving a 2x2x2 1is nearly as difficult as
E solving just the corner cells of a 3x3x3.

+Z Choice(11,12,& I)

! Attitudes <=> 3DoF Rotations: Each cell has 24 possible (roll,pitch,yaw)’s.
DoF: "Degree of Freedom"

I"Data-Attitudes.txt" IMS 2024.03.20

1A(1:24) "cell Attitudes"”

11%nA %1 RPY %’ J k
Isymb # Roll Pitch Yaw 1

la 1, , 0, 0, O,
'b 2, -90, 0, 0, -1,
lc 3, +90, 0, 0, +1,
'd 4, 0, -90, 0, O,
le 5, 0, 490, 0, O,
If 6, 0, 0, -90, O,
g 7, 0, 0, +90, O,
'h 8, +180, 0, 0, +2,
g 9, , +180, 0, O,
'j 10, 0, 0, +180, O,
'k 11, -90, 0, -90, -1,
1 12, -90, 0, +90, -1,
Im 13, 0, -90, -90, O,
'n 14, 0, -90, +90, O,
lo 15, 0, +90, -90, O,
'p 16, 0, +90, +90, O,
q 17, +90, 0, -90, +1,
'r 18, +90, 0, +90, +1,
s 19, -90, 0, +180, -1,

+

+
OCOONOOORRROOOu.

%PathLen
k, +1
0, +1
0, +1
0, +1
0, +1
0, +1

-1, +1
+1, +1
0, +2
0, +2
+2, +2
-1, +2
+1, +2
-1, +2
+1, +2
-1, +2
+1, +2
-1, +2
+1, +2
+2, +3

= solved
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384 !

385

It 20, 0, -90, +180, 0, -1, +2, +3
lu 21, 0, +90, +180, 0, +1, +2, +3
lv 22, +90, 0, +180, +1, 0, +2, +3
lw 23, +180, 0, -90, +2, O, -1, +3
Ix 24, +180, 0, +90, +2, 0, +1, +3

! Choices <-> Face Rotations: ) )
! There are 6 faces, each with -90, +90, & 180 deg rotation;
! hence there are 18 choices total.

!The heart of the Emulator model is 648 Tines of data in "Data-AECAV.txt":




