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1.1 LIS

EHEER 75T 4w I ATA TSI VERRHWEY 7 bz TR FHWOHERE N
CATFLOPICIE, AT LOBEERIEHT 2 2 Lol TH B DB (16,
17 flziE. ITTCIBEZEMIc BT 24 7Y = 7 Mcit L T S 2 DEE AT D
BEEEZTCABE, TATY P =2 —F% HWRBENLRERRTR. A
FLOEEE LR TH 5.

1.2 3RTTHESETZ “Claymore”

BE. e nmfFeEcld. 3YULHEET J “Claymore” % FRXL T3 [2]([X]
1.1), SITIMILET I L. SR ZIR D TT 4 YD L %167

¥ & % 3 UTTE O EFIC BT, 3Tk EET 2 €T > 7 1EEIZDA
R BEARFETH D0 ERDITILET I 2 H WA TICIIAMEET 5 & »
0 @ d - 725 “Claymore” B FHFOR M T 2 Bz mOER L. #
T % B0 ASDRIC K> T, XWERNEZET) Y 7%{ThH 2k
Ik COREEERT S 2 HIEL Q1 5,

“Claymore” 1&. fERD 3KILET I LB\ —[H X Z FHWT. Pk%Z EE»DOE
JRIVICHRPE - fREEosTE . Vibld MacDraw ZHET 2 & 5 2R E o HIC /R ©
ZLETITH S,

1.1: Claymore FATIH|[H]



1.3 S3IRTTA TV b EFHEF

AFETIZ. ITUCIEZER] Lo+ 7oz 7 hOBEMEL T, L—E Y V¥ a—
T LiFz 5. ZOHAIE. BEOL—EY I X2 —TEEL AT LDIF L
AL 8,9, 10, 11, 12, 13, 14, 15] lx. BEMSEREN L IZSZT. 2 Dicdn
YD THo2S5 THE, V-V IFXa—TD L) REMi Rt T s
MADEICIE. [ ol | OFERL7z S A DB dIRIEEREMIC T ) BN
TEWE S ) WERS S,

Z 2RI TR, IVULTAEZR Fo 7Y = 7 s OFFIc BRARETE R
L. XWERBNCKD FEEEET 3, L—EP v 72X a— T OMEFICIZ. 3K
TCIEZERIc BT 54 72 = 7 hANOEZELIRED 1 D¢h 5 [ulfn | X 5 H1RF
B LRN)T— 3 VRO TEEN TSSO, KL TER LY AT LD
PEM 2 ERT 221k, L—E Y 27X a—TICBRS 3 3 RoTizerl Eo—ikm
UATY o NADOEFRFICHTT 2IREE ERT 5200 FHLFREE RS 2
EEZ 5N,

1.4 FEROEFER — “Claymore” & “Cubism”

fric “Claymore” I ET 5 & L COFEARERIT TH 2 7™ RIS & 5 3 KILHIEDIE
AR - 1RE - R - PMESOBEEEEA > Y 7z — Ak LT Y . BifE. LA
MG 2 R > 72k b k2 2 & O hkiEn FEEZ Ra T\ 3,

FIERDIE Y L — v 7 % 2 — TIERICEM L ZRIEIh o ) . BTG 255 -
2R % PO FEICOWTHISET % 2 &1 “Claymore” OZHfi 4> ¥ 7 = —AD
REROBRIC Y . RO F RO IEH R K 5 .

% 2 TARIIFE Tl “Claymore” DR A > ¥ 7 = — AREHIC DWW TOIRITFE
LT, FBRCZFOFEEFEELERN TS A7 4 “Cubism” [1] Z1EARL 7=,
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HFEOIL—Cyo%Xa—"7
BYEY 2 T LORBIEER

BEic . “Virtual Rubik’s Cube” L& #3172 — v VX 2 — THES A5
13, 14, 15|, 7Y =2 L 2 2PUCNICTORLZHD (9, 11, 14] £+ TV =/ b %
SKTLMICFR L7230 [8, 10, 12, 13, 15] 255 5.

o ATV T/ NE2KITMCFIRLZIDIE. [HICERLA TS | Lo
FRESHY . AN L IDXa—TZ2il-o W0 zilET 2 2 LIz
L, 72, 20K0CTh 520l SR 2 QW B HIOERHORIOENE HIE
HICHEE LW (X 2.1,9)).

o [MHRICFEI X a—TOEIES T =+ —2 3 Vic ko THiESI N (i
HpEFICITONS) OBV [9,12,14]. THIFZT—F DT 4 — Ry
2@ 5 (X 2.2,[12]),

e IV NRIMTMICTFRLAZIDICY B LMERLETSNS, X
TABEIIC ERY E W T W B dwsdh 5 [8, 12] 43 COHER £ ¥ = —
TOREWHL TL o728 ) GHHICH S 2 L sdb 5 (X 2.3,(8)).

o I/ TNRA TV I e 2RIEMICHRLIZIDICHFERZEZLTHS
2, B D F T I hNOBEE T A2V A a— F—KR—R L
EEHWTIT) bORnLL (8, 9, 10, 11, 12, 13, 14, 15] (X 2.4,[15]). 29
VO 72N R IRE ORI . PIERI R IRIE & D KD D O L S S S RAE
Th [7]. KepBRFEHATEFICL -y /X =2—T 2 FIFF>T\nW5b &
SHEE (VT )T 1) BFREICESTL 72 —HIC L > TFOHR
PSS T L E->TWVW S,

o 7Y/ N IPITMICFRLAEZDIDICIK. X2—T Dl LOREE
TOARHAWTEETZ 53D (8, 10, 13, 15] BVnhs, Sy 2—¥%
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HE (SRZTWEWHE RE72H1C1TH. &2 TlzHIc [@4mpiEg] &
R LIcT3) & Il X2 —T2IF 2 L—E Y 7 X2 —TL2KicnfL
THIT I [B]dE S B 5 1F (RHEOBZELES2HICIT)., 22 TlRBIC
(Mt EER] RS LT 2) ORGP DIV, ZLDY AT
LRT7AAYERAWTHLLTWS 2, flclzber Y —%a—7 (FHDE
AFICH S 1 BLIFZRWE) 2D XA Tl L2RIZ [ 2Fould; | <.
FOMDF 2 —T = OFA TEILL2FRCIE [T 20l | s 3 &
Wb (M2.513]) 3PN, 2o & bl 2 BEHF O] 7% gz
KHOoTELT. a—HFZ2RELSETLE ).

X 2.1: BFEOIL—E Y 7 X 2 —TIEL AT LFATIHEIE [9).

TLHICTRREN TN B,

Rubik’s Cube Java Applet

Scramble | Give up | 7 Sound Mewes: Q

Rubiks Cube

. .
IMowe the cube with the mouse to see it from different angles.

Mote: the first time you try to rotate a plane it will take some time to load
reaction 15 quick, I'll fix this,

Rotate plane right <SHIFT> + mouse click

Rotate plane left <CONTROL > + mouse click
Undo last move <BACKSPACE: (or <CONTROL >-h)

Pop last move from
undo stack without undoing

Seramble <ZPACE:>

<DELETE>

FT I Ns2IK

B 2.2 BHEDOIL—E Y 7 X a— TES A5 LFATHIE [12], T=+2—2 3 VIC

E o THHE SN %,
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M 2.3: BEDOIL—E Y 7 X = — THIES AT LFELTIEIE [8]. ST IRICIEYY
FAWwTws,

Rotate Cube < =
Y
Clockwise j
Counterclockwise j

T Te—

M 24 BEOL—EY 7 Fa—TRES AT LETHEE[15. 74220 4
Za— F—R-RurEHVTNS,

NewGamel fhout |
Scramblel Solve |
Undo | Redo |
7 Sound

StepIO—
4 Light

X 2.5: BEEDIL—C Y 7 X a—THES 27 LFATHIE [13]. [Ltkolald; | &
[T 9 72 (B 1 o KA iz v,
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o T 7YV MNADIIEICIE. T4 a2 EORIENLIRERRITHWT ., <
DADARRBHWSEZEICKD . TV U 2 EFEHRET 5,

o MEDIEICT = A=Y a3 WA XICk), 74—RNNY 7 ZELES
5,

o [Ltkolully | DML [THITE 2R | DRELIZ. TNZENEEL S
TIARYICEIYTE I LIc KXY XT B,

3.2 1BNMAE — IRIFEMEDE £

PIEBEED Y AT LOBEREEES 220030 THho0s. DITD k%
IBESRED KL . S5 L 2 Fo M L 6] Z1x o7z,

o BEfM>TWAHDEMOEZDVLHL TSI LICED, 74—RNXV I %
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o [AIEH Zeluldi; | OEEPEICE L T, 1/4 [uliiz (£90°) 21F Tk <. 2/4 [uli
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o YL [N ZEEE | b Te AR V%) ) =2 (M3.1k) LT,
V) — A EINERE OB MEIC 9O X2 —T2Hiz < NB LTI
3% (X 3.1%5).

X 3.1: > AT LT L VEIC 9 fD¥ = — T %2 iz 5,
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4.1 |BEHFFRIEE S

cZo. [TEERE] D) boic>nT. MEuciily 2.
Ben Shneiderman(7] 1& [EFHE(E | 12D\ T,

o IBFOEROEENLRE — MEOMRINEICHELL I, FORIED
W L FORIC—BME R 5.

o BNHLRIFTIZA (. VBN RIS — M THICRZ vk ) i
fETIZ <. B THL» ) LT,

EFRL TS, Jurgen Ziegler[4] 1&.
o 7TVIU MEZOREER. A—HEVZTLIHABLTH S,
o BAFICHTL T, ARMENEICT « —RXw oSN %,

SO & GMFE TESERME] IFA TV 2.
7z, Michael Chen 5 [3] 1. WYSIWYG, What You See is What You Get

ZREML. BEERFICOWT
e WYDIWYS, What You Do is What You See
ThHDLIBEL TS,

THOLHINSZ X LD e [EHFRF] 3. BREFORREIHEENICT 4 —R
Ny T ENL AT LORECIRET 0ot ez BERMICMES g5 2 kic k-
T, 2—FORMANLETZRS EE L) RN» ) GWIREO Z L TH 5,
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4.2 ERRULIEEL—EvYv I X1 —TBEVZ T L “Cubism”

RIFFETERR L 72 —E Y 7 ¥ = — TEES A5 L “Cubism” 12 DWTiRR 5,
“Cubism” EINH3KILZ S 7 49 225475 OpenGL %= HWTERENT
+Y . BlE Unix (IRIX 6.3, Solaris 2.5.1), Windows95 _Eic 5\ CHEIfFT 2,

FEINTWEHEER. L —E v /X a—T0 [Lfoull; | &, fili->7=HD R
ProzZ kI35, FLTIED X 2 — 7o Mt LR | ¢Hs (X
41,424.3) L—EY X2 —TRXHFICIMD ¥ = —Tp—[ZIc[mliz T 5). [Hix
BT 2 EEIE. TRTIIRICK T BERETH B,

4.1: G, il 72RO FBRED B,

X 4.2: 9 D F = —TOMTH L [E#EZ L TW5b & 25,
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4.3: 1/4 [ldirofas

4.4: 2D iRz A ) WL 72h R
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4.3 BIEE

Ky AT LOBEIZ T A2 A =2 —Fix—tHWT. §XT77AD 2D
fETITW, fRIINEIC 7= A=y avic kY AR EN 5,

[2tkouldy | OFfEE . [T s | offFrix. Zhzhzliss <y
ZRIVICENYTE I LIc KV XAT B, EBICIE.

o [kl | .- T ADIRILERIY
o M ZEEE] ... T ADL 7N RY
WO EIN YTHE LA (X4.5).

o Rotate Cube
;
VA — Rotate Face
r ./' '/' N\
/|7
~—

X 4.5: =™ AIc X B4

4.3.1 [24ob#E] (C>2hT

WYX a—7 (PNTHERWV) O Lo A=V L EEDbE. TTAD IR
VRIY (M45) DIV Y I & RTYTIZES>TL—EY VX a—TD [LkD
Wi | 2175, FOBE. 2—Fe AZEHHLLIEAMEL—E Y 7% 2 — T hq
T 24 E—T 2 (M4.6) DT, 2—F13 3 RICIEZERIC NENIc FE S
TV BRI ER L 2 < TH X,

4.6 1&. [Ltkolbl; | oRrFzEMUNICERT IO THE, HRICHET 1~
R 2FF->720 LREZMYIER T, FOBNICH S 8 2DMIX. FNZnA]
HHEE S = A% B 3H 5 HMANR Ty FLERD, L—E Y I X a—TDZE
BERTHTh B,
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X 4.6: =™ AOBENHBI L L —E v 7 X = — T Ol A hs—K

4.3.2 [Mr@zEE | (20T

s eXa—TOER ()wy) Z9AG—VLZ2MHIEIEEX2—TD 1
D EicHGbe s & BRENLZEDIMUD BRD IO Easd L H 212 <
B 2—FIFa—TOERMTONZZ T 41 —R1Xv 73N5E (M
4.1) . FRRIChERZ o 5FRICIE. YT ADL 7 RRY Y (M45) 2270 v
735,

EEE R 2ARANRS YT TR RIY 7L 29 AH—" L % [ulEgE G H]
pIZrick) . BRENZIFEOX = — T [HFN & ]| 2175 (X
42, 4.3), ¥ A% 7 ) v 7 LIAERS ORI (27 2L B0 Heleliisf g
ICEEShs0 T o 1/4 [BlEED Eo bl (fl2 30 bafgETdh 2,
DFN. RSV T Az R T A Ick>T. 1/4 MERZEMEDEY
BELLTY 1 ET2—FOERT RS, b L 2—FhElizoii
HTLI7RNRYYZY) Y —=ALTH., P ATLHL. 2—=FDTIR) ) —
ADFF R TCOTWN LAEIC 9 [l ¥ = — T &Fiz TN (M3.1),
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4.4 [RIE, REALE

4.4.1 [£&mEE |

FTTPTINET 4V RIICTORT BICIZ. TV VA (La, Ly, Lz) T
DATYx 7 D EER T — L REESR (We, Wy, W) ICERL. E5ICZD
JEE % SRR (Va, Vy, Vo) IKEIL TEREMZ 1T 2ok >7T. 2{KT
DHEHICESZ L T\ 5,

L—EY IF2—TOELIFICET) > VSR (Le, Ly, Lz) ORI A& L.
X 4.7 & D ICJEE»S x,y, z Bl T 5,

—IL REEESR
4.7 BEERE T 2 7 b

RS ATFALTE. BT 2 VEEZIC W TREERZ T o cland . + 70«
I NE T REEESRICE T v AL 2 RIC R 2 L T 5 (3N 4.1).

b’ = Ry(m;) - Ry(m,) - b, (4.1)

1 0 0
R.(0)=| 0 cos(67/180) —sin(67/180) |,
0 sin(fxw/180) cos(fw/180)

cos(6m/180) 0 sin(67/180)
R,(0) = 0 1 0
—sin(67/180) 0 cos(f7/180)
(22T my,my: IOAT—=VLBEIL 728 7 2L B b MiiRO €T ) > 7
JERERD AR, b: (MR D ERD T T ) > RO )
[l EHRIC 35T T ADOBENGMICEEIC % 5 X T I [mldizesET S . (6
YA LX< ADEEEDEARL (my, my) ZFHL TWBD T, 2—=Fizv7 2ADH
H5m & MENEEEEIC K> T ATV o/ b OlllgE 2 hu—L T B Z e bk,
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FTVTH NOREICELT

Michael Chen Sl&. 3 JUCYIMEAD EFEFARIEFE (FRcBEHEFICEL T) o1
D& L. [Virtual Sphere Controller | %L T3 [3],

Virtual Sphere 1&. AN LB HOFKMRE . MEHREZEL /WA TP =7 b %
B EOIFRL. COMEKEZIRET A LIk >THESINTWS L TV = 7 |k
Dlaliiz EBL T3 (X 4.8),

LarL. COFFERMERERZBEL/Z\WA 7Y =7 F 2 BIENICHEEL TWE0
Tl < EIN R ERR % 8 L CTHIFENICHRIE L TV B i TR EFE X 1
AEMCFL 3,

A

N

4.8: Virtual Sphere Controller

4.4.2 [z B

KK, L=V I¥a—TD DX a—To [MotlyxmE:] 1z, 5207
I BT 5 3 AROECE T B EEnsEFNZNo]gETdh 5. D F Y iz fEk s
SHERP 2 (X 4.9).

X 4.9: 5 > 7EEZO 3 il
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[ElERER DR D IA A

AKEFFETIE. B ESE L2 —TD 1 HDERE TV ADL TR RIZD I ) v
JIC k> TRELZRRT. 3ARDS[OigiH%E 2 KK ALTFHEZHW W5,
[mldrlh %z 2 RIS D AL S LIc k> T R 2KITD ATIT A A TH B AL
B -V IXxa—T LI RHIEFD3KILDO A TP = 7 b OEELalREIC
ToTW5,

ERRICIZ. LT X9 FEzHWwnw 5,

EFTF. IVADL IR R D) v ZIC k> UEREN X =—TD 1H (2
N 1IMOFHETH2) O, FgzHFE~s, LT, 3RS 2MEGHOT»S . S
BONIZEREFITTHEIDZRL (M4.10). CHOXIICLTHAKRIX 3RS
[l % 2 ARICHR D AL 2 o3tk 5,

cursor cursor

X 4.10: [EHEEHOFE Y A A,

SO X REEHFICLEMHIZ. 7)) v ZickoTESNEERE BT Tl B
[mldizifc > Tl 2 17 D #FIx. BHEMRICcEWUHEETL— Yy /X2 —-T%
POBMFICE TIDOTAS L AERL (BRROFTRLNICW) BEE 2 b
Th D,

[Cl#xEd. [ClERARIDIRTE

Ko, Sel 2 R A nzmliniiz . R 5y 7 LaAREHWT 1IARISKY
ATz HAT 2.

ETM 411D & Yo, 3UTLIEZER bic 2 KOEMZFIT 5, D 2 B,
) 7 ESNFH EORERAE L g 2 RIS A Eh/z[Eigiic 2nZh
FATREMRTH D,

Ko, CO2BEMEBRERL. 200TD A2 ) —2 (= 7 4 > R V[HEH) Ick
W5, ThCEk->T. 2D 2 KRN EMRERZ (N 4.11FH). O 2EBBDH
M7 hLEZENZNNL = (nl,,nl,),n2 = (n2,,n2,) £ 5.
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normal
point  (CX,Cy,C2)

"~ 2.Dline ni1

- 2-D line n2

(mox,mby)

ine

D

3-

mouse

cursor (IX,ty,t2)

4.11: BREINAEIC, 2RKDEMZ 2T 5.

RIA% D) VI LIAEE (Mo, Moy) T B & TD 2 BARD HERNIZR (Mo, Moy)
ZHELTHY . ZNZNY D 1A (Mor + nly, My + nly) & (Mey + 124, My, +
n2,) 2185,

TIAE RS Y TLEBRD. BEOTIAN— I LDMEE (Mng, Mny) £ T 5
Lo B (Mg, Myy) & 2RDBEIREDZNZNORERE by, by 1.

Inly - (Mpg — Mog) — nly - (Mpyy — Mgy

hl - )
1/711y2 %—711y2
hy = |n2y (Mg — Meg) — N2 - (mny - moy)| .

\/712y2 %—712y2
IC& - TERESINS (M4.125), REECIKROBBIC X > TEHEL WS,

void CalcRotateAxis(DisplayPoint *co, DisplayPoint *al, DisplayPoint *a2,
GLfloat *cursor_x, GLfloat *cursor_y)

{
GLfloat hl, h2;

h1l = fabs(al->y * (*cursor_x - co->x) - al->x * (*cursor_y - co->y))
/ sqrt(al->y * al->y + al->x * al->x);

h2 = fabs(a2->y * (xcursor_x - co->x) - a2->x * (*cursor_y - co->y))
/ sqrt(a2->y * a2->y + a2->x * a2->x);

AT 2 Bl | o liis A& 20 H2 5 BERE by, hy DTN OB FAT X
FlnzESR, TH—75T M Zuld; | okldmis. Joft 2 ARici ) A xnszul
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- (mox+n1x,moy+nly)

..... (mnx,mny)

(mox, mby)

" h2

(mox+n2x,moy+n2y)

X 4.12: [aldixh. [aldE GO HE.

O S | PR by, hy DREWHOEMZ 7 —L REESRIC R L TSN 5
3 KTCO BRI FATE 1 AR a4 Axh 5.

SO &I [ofEghh. [oE G HERICRES NS, X 4125 TlE. by > h &
DT, [BELGEE hy DEARICFEITE AR, DFY n2DAHMICH T2 £ 7 b 4|
Wy 5, ZOF. [oldgigiE hy OEACTFATE KT 1 KO EACIRET 2.

ElEAEOSE
EEAREE. =7 A0 Z AL T\w5b, BERARE 61X,

IC X > TROTWS,

TIAR Y)Y I LIZUEL SO (7 2L ) SlliEERIch N T, 22—
HFix =0 A0 MENREIC X > TElfirAE 2 2> hn—L RS, 0 ADOKHERE
2T NETHIEERARDIML . 1/4 WDl Lol (F 230D
ogETh %,

19



B 5 E
3 RTCBETBIEERI 7T« % “Juggler”

KenWfFEE TR, SUTTHEET I “Claymore” DFRFZ DTS, “Clay-
more” 1 BIAIREIE 2 FF > 72k b ik 2 DHEAEZ BT BIc b7z > T, FEfsEE L
THIE “Cubism” &dflic. 3 ROTHEMSEIERTT 14 ¥ “Juggler” Z{ERH T
5 (I45.1),

“Juggler” 1&. [Efi] Bik%Z 1 2o/x—Y & LTk, “Claymore” Tk D &
DR &) RN TR E G AG Y5 Z bic ko T PfRIE LI BIRTEE % 3%
L. BIFRFIC > THRE ZMRICL —E Y I X 2 — T & MR BN
MEZ R 2R ERT 2 2 L 2 HIEL T 5.

R 6| o N

X 5.1: “Juggler” FEATIHH],

“Juggler” 1&. [BEf] BkC. BN k> THEINE3TTLL 7V =7 b
ETLT—=Y %7 7 AL S5 EBZAAA T, TNZTNE | DD/ x—Y L LTK
5 Z ek,
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51 Z77Y1o hORE

FTT O NOBENCIZ. ATV ORI AMRMEIC X > TEY AOKEIRIC
SO TEI CERNLFEEZ AWz, “Juggler” TRBEMELS 7Y =7~ % 3RICX
AHZeH R O HIE & AT BTS¢ 2 2 stk s, £ 72 27 hoBENciz~
DADHRY VEHWSE, Bfiic k> TRESN R AL Tz 7 &2 AL
FOTERLBET 2L, bOHHDOATY =7 N FOMEEICIHEE L TS &
5 Entiks,

3 YTCIAEZERI N TOMBEDIEEICIE. z,y, 2 D 3FEIHD N5 F— I DEER W
B35 ATISNLERIE Y AOMENC X % 2 FOCo EEERTH S &\ )
M5, £/l I AOHBEEZ F0 X UKD 2.y, z FEEO FEHIC BALIC
WSS 2ITTIE. BLALDOHG. HAI LD TPz 7 NI A=) LD
# Z s —F L v e ) Eh 5,

TIAH—VILOMNE L. EWRENF TV 2 /OB REHIC—BEE 520
iI2. DIt &5 RFdz Az,

IT. HSrLOBENERNGT SR0IC. £ 7Y =7 b= AFHMNE (p., py, D-)
ZRDTEL, Ko, 7Y 2AOBENcEbE THIEE =7 A7 —V LIC X BIFER
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4% A

“Cubism” ®OY —xd1—R

A.1 Cubism.c

/*
Cubism.c
Program by Takashi Oshiba <ohshiba@softlab.is.tsukuba.ac.jp>

for IRIX 6.3
*/

#include <stdio.h>
#include <stdlib.h>
#include <ctype.h>
#include <GL/gl.h>
#include <GL/glu.h>
#include <GL/glut.h>
#include <math.h>
#include "Cubism.h"
#include "material.h"
#include "draw.h"
#include "rubik.h"
#include "select.h"
#include "modeldata.h"
#include "print.h"

#define M11 O
#define M12 4
#define M13 8
#define M14 12
#define M21 1
#define M22 5
#define M23 9
#define M24 13
#define M31 2
#define M32 6
#define M33 10
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#define M34 14

#define K 0.363970234 // tan(20)
#define EyeDist 8.0

GLfloat whole_spin_x 0.0;
GLfloat whole_spin_y = 0.0;
GLfloat CubeViewMatrix[16]; // £&KD X 2 —TDELE,
GLfloat spin_y = 0.0;

GLfloat scale = 1.0;

GLint Spin = 0;

GLint SpinAxis= O;

GLint SpinRow= 0;

GLint Drag = O;

GLint Scale = 0;

GLint xsize = 500;

GLint ysize = 500;

GLint MouseON = O;

GLint last_x = 0, last_y = O;
GLint mylast_x, mylast_y;
GLint RotatelLock = O;

extern MATERIAL_LIST Material, MaterialO, Materiall, Material2, Material3,
Material4d, Materialb, MaterialB,
TransparentWhite;

extern LIGHT_MODEL Lmodel;

extern LIGHT LightO;

CubeInfo CubeDatal[3][3][3];
SurfInfo Surf0ld, SurfNew;
DisplayPoint ClickOrigin, Axisl, Axis2;

/7 WTARZR

void CalcMultMatVec(const GLfloat *xp, const GLfloat *sp, GLdouble *dp){
dpl[0] = xp[M11]l*spl[0] + xp[M12]*sp[1] + xp[M13]1*sp[2] + xp[M14];

dpl[1] = xp[M21]*sp[0] + xp[M22]*sp[1] + xp[M23]1*sp[2] + xp[M24];

dp[2] = xp[M31]*sp[0] + xp[M32]*sp[1] + xp[M33]*sp[2] + xp[M34];

}

// FEREAR

void CalcScreenPosition(GLfloat x, GLfloat y, GLfloat z,
GLfloat *sx, GLfloat *sy)

{

xxysize/(2.0*K*(EyeDist-z));
y*ysize/(2.0*K* (EyeDist-z)) ;

*sX

*sy

}

void InitCubeInfo()
{

int x, y, Z;
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glMatrixMode (GL_MODELVIEW) ;
glPushMatrix();

for (x=0; x < 3; x++)
for (y=0; y < 3; y++)
for (z=0; z < 3; z++) {
glloadIdentity();
glTranslatef ((x-1), (y-1), (z-1));
glGetFloatv (GL_MODELVIEW_MATRIX, CubeDatal[x] [y][z].Matrix);

glPopMatrix () ;
}

void RotateCube90(int axis, int row)
{

int p, q;

CubeInfo CubeTemp[3][3];

glMatrixMode (GL_MODELVIEW) ;
glPushMatrix();

switch (axis) {
case 1 :
for (q=0; q<3; q++)
for (p=0; p<3; p++)
CubeTemp [p] [q] = CubeData[row] [p] [q];
for (g=0; g<3; q++)
for (p=0; p<3; p++) {
CubeDatal[row] [p]l [q] = CubeTempl[ql [2-p];
glloadIdentity();
glRotatef (90.0, 1.0, 0.0, 0.0);
glMultMatrixf (CubeData[row] [p] [q] .Matrix) ;
glGetFloatv (GL_MODELVIEW_MATRIX, CubeDatalrow] [p][q]l.Matrix);
}
break;
case 2 :
for (g=0; q<3; q++)
for (p=0; p<3; p++)
CubeTemp [p] [q] = CubeData[p] [row] [q];
for (gq=0; q<3; q++)
for (p=0; p<3; p++) {
CubeDatalp] [row] [q] = CubeTemp[2-q] [p];
glloadIdentity();
glRotatef (90.0, 0.0, 1.0, 0.0);
glMultMatrixf (CubeData[p] [row] [q] .Matrix) ;
glGetFloatv(GL_MODELVIEW_MATRIX, CubeDatal[p] [row] [q].Matrix);
}
break;
case 3 :
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for (q=0; q<3; q++)
for (p=0; p<3; p++)
CubeTemp [p] [q] = CubeDatalp] [q] [row];
for (g=0; g<3; q++)
for (p=0; p<3; p++) {
CubeDatalp] [q] [row] = CubeTempl[ql [2-p];
glloadIdentity();
glRotatef (90.0, 0.0, 0.0, 1.0);
glMultMatrixf (CubeDatalp] [q] [row] .Matrix) ;
glGetFloatv (GL_MODELVIEW_MATRIX, CubeDatalp][ql [row].Matrix);
}
break;

}

glPopMatrix();
}

void RotateCube(int axis, int row, float spin)
{
while (spin > 45.0) {
RotateCube90 (axis, row);
spin -= 90.0;
}
}

int CalcRotateMode (SurfInfo #*New, SurfInfo *01ld, int *axis_p, int *row_p)
{
/] x WED
if (New->x != 01ld->x && New->y == 01ld->y && New->z == 01ld->z
&& New->color == 0ld->color) {
/7y el
if (New->color == 0 || New->color == 1) {
*axis_p = 2;
*row_p = New->y;
return 1;
}
// z TR
else if (New->color == 4 || New->color == 5) {
*axis_p = 3;
*row_p = New->z;
return 1;
}
else return 0;
}
/]y WE
else if (New->x == 01ld->x && New->y != 01d->y && New->z == 01d->z
&& New—>color == 01ld->color) {
// x Wl
if (New->color == 0 || New->color == 1) {
*axis_p = 1;
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*row_p = New->x;
return 1;
}
// z HE]Eg
else if (New->color == 2 || New->color == 3) {
*axis_p = 3;
*row_p = New->z;
return 1;
}
else return 0;
}
/] z WED
else if (New->x == 01d->x && New->y == 01d->y && New->z != 01d->z
&& New->color == 01ld->color) {
// x HlElEg
if (New->color == 4 || New->color == 5) {
*axis_p = 1;
*row_p = New->x;
return 1;
}
// y el
else if (New->color == 2 || New->color == 3) {
*axis_p = 2;
*row_p = New->y;
return 1;
}
else return 0;
}
// BCXx=a—7
else if (New->x == 01d->x && New->y == 01d->y && New->z == 01d->z
&& New->color != 01ld->color) {
// x Hii[e]H;
if ((New->color == 0 && 0ld->color == 4) ||
(New->color == 4 && 0ld->color == 1) ||
(New->color == 1 && 0ld->color == 5) ||
(New->color == 5 && 0ld->color == 0) ||

&& 0ld->color == 0) ||
&& 0l1d->color == 4) ||
(New->color == 5 && 0ld->color == 1) ||
(New—>color == 0 && 0ld->color == 5)) {
*axis_p = 1;
*row_p = New—>x;

(New—>color ==
(New->color ==

[@ 62 B S

return 1;

}

// y HlElEg

else if ((New->color == 0 && 0ld->color == 3) ||
(New->color == 3 && 0ld->color == 1) ||
(New->color == 1 && 01ld->color == 2) ||
(New->color == 2 && 01d->color == 0) ||
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(New->color == 3 && 01ld->color == 0) ||
(New->color == 1 && 01ld->color == 3) ||
(New->color == 2 && 0ld->color == 1) ||
(New->color == 0 && 0ld->color == 2)) {
*axis_p = 2;
*row_p = New—>y;
return 1;

}

// z Hi[E]Eg

else if ((New->color == 2 && 0ld->color == 4) ||
(New->color == 4 && 01ld->color == 3) ||
(New->color == 3 && 0ld->color == 5) ||
(New->color == 5 && 0ld->color == 2) ||

&& 0ld->color == 2) ||
&% 0ld->color == 4) ||
&& 0ld->color == 3) ||
&& 0ld->color == 5)) {

(New->color ==
(New—>color ==
(New->color ==

N O W

(New->color ==
*axis_p = 3;
*row_p = New—>z;
return 1;
}
else return 0;
}
else return O;

}

void CalcWorldToScreen(const GLfloat *wp, GLfloat *sx, GLfloat *sy)
{

//int i;

/] AT ) — R AR

GLdouble ScreenPoint[3];

CalcMultMatVec(CubeViewMatrix, wp, ScreenPoint);

CalcScreenPosition(ScreenPoint [0], ScreenPoint[1], ScreenPoint[2],
sx, Ssy);

}
// - 7ZHICREN 2 oK

void DrawRotateVector (GLfloat cursor_x, GLfloat cursor_y)
{
int i;
GLfloat TouchSurfacePoint[3], //TouchSurfaceNormall[3],
TouchSurfaceVector1[3], TouchSurfaceVector2[3];

// SurfNew ICX VL 7N ENTWBHZHREL
// R FEREIEET A LICX Y FHOFENZE S

for (i=0; i<3; i++)
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}

TouchSurfacePoint[i] //= TouchSurfaceNormal[i]
= TouchSurfaceVectorl[i] = TouchSurfaceVector2[i] = 0.0;

switch (SurfNew.color) {

case 0 : TouchSurfacePoint[2] = -0.5; //TouchSurfaceNormal[2] = -1.0;
TouchSurfaceVector1[0] = -1.0; TouchSurfaceVector2[1] = -1.0; break;
case 1 : TouchSurfacePoint[2] = 0.5; //TouchSurfaceNormal[2] = 1.0;
TouchSurfaceVector1[0] = 1.0; TouchSurfaceVector2[1] = 1.0; break;
case 2 : TouchSurfacePoint[0] = 0.5; //TouchSurfaceNormall[0] = 1.0;
TouchSurfaceVectori[1] = 1.0; TouchSurfaceVector2[2] = 1.0; break;
case 3 : TouchSurfacePoint[0] = -0.5; //TouchSurfaceNormall[0] = -1.0;
TouchSurfaceVectori[1] = -1.0; TouchSurfaceVector2[2] = -1.0; break;
case 4 : TouchSurfacePoint[1] = 0.5; //TouchSurfaceNormal[1] = 1.0;
TouchSurfaceVector1[2] = 1.0; TouchSurfaceVector2[0] = 1.0; break;
case 5 : TouchSurfacePoint[1] = -0.5; //TouchSurfaceNormal[1] = -1.0;
TouchSurfaceVectori[2] = -1.0; TouchSurfaceVector2[0] = -1.0; break;

// SurfNew IC XY mi% 188

TouchSurfacePoint[0] += SurfNew.x - 1.0;
TouchSurfacePoint[1] += SurfNew.y - 1.0;
TouchSurfacePoint[2] += SurfNew.z - 1.0;

GLfloat AxisiTemp[3], Axis2Temp[3];

#define VEC_SCALE 2.0

}

void CalcRotateAxis(DisplayPoint *co, DisplayPoint *al, DisplayPoint *a2,

{

for (i=0; i<3; i++) {
Axis1Temp[i]
Axis2Temp[i]
}

/1 A2 — I KR

CalcWorldToScreen(TouchSurfacePoint, &ClickOrigin.x, &ClickOrigin.y);
CalcWorldToScreen(Axisl1Temp, &Axisl.x, &Axisl.y);
CalcWorldToScreen(Axis2Temp, &Axis2.x, &Axis2.y);

/] ATE~Y N LSRR

Axisl.x -= ClickOrigin.x;
Axisl.y -= ClickOrigin.y;
Axis2.x —= ClickOrigin.x;

Axis2.y -= ClickOrigin.y;

GLfloat *cursor_x, GLfloat *cursor_y)
GLfloat hl, h2;

hl = fabs(al->y * (*cursor_x - co->x) - al->x * (*cursor_y - co->y))
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/ sqrt(al->y * al->y + al->x * al->x);
h2 = fabs(a2->y * (*cursor_x - co->x) - a2->x * (*cursor_y - co->y))
/ sqrt(a2->y * a2->y + al2->x * a2->x);
}

void CalcRotateAngle(DisplayPoint *LastClick,
DisplayPoint *Axisl, DisplayPoint *Axis2,
GLfloat *cursor_x, GLfloat *cursor_y,
GLfloat *rl, GLfloat *r2)

{
DisplayPoint al, a2, a3;
al.x = Axisl->x;
al.y = Axisl->y;
a2.x = Axis2->x;
a2.y = Axis2->y;
a3.x = *cursor_x - LastClick->x;
a3.y = *cursor_y - LastClick->y;
if (1) {
*rl = (a2.y * a3.x - a2.x * a3.y)
/ (al.x * a2.y - a2.x * al.y);
*r2 = (al.y * a3.x - al.x * a3.y)
/ (al.x * a2.y - a2.x * al.y);
}
else {
*rl 0.0;
*xr2 = 0.0;
}
}
void DrawRotateLine(GLfloat cursor_x, GLfloat cursor_y)
{
int i;
GLfloat TouchSurfacePoint[3], TouchSurfaceNormal[3], tmpP[3], tmpN[3];
// mynumsuf[4] ICXV L 7 FENTVWSHEREL
[/ REFRERET S Ick ) FHOHENEZES
for (i=0; i<3; i++) TouchSurfacePoint[i] = TouchSurfaceNormal[i] = 0.0;
switch (SurfNew.color) {
case 0 : TouchSurfacePoint[2] = -0.5; TouchSurfaceNormall[2] = -1.0; break;
case 1 : TouchSurfacePoint[2] = 0.5; TouchSurfaceNormal[2] = 1.0; break;
case 2 : TouchSurfacePoint[0] = 0.5; TouchSurfaceNormal[0] = 1.0; break;
case 3 : TouchSurfacePoint[0] = -0.5; TouchSurfaceNormal[0] = -1.0; break;
case 4 : TouchSurfacePoint[1] = 0.5; TouchSurfaceNormal[1l] = 1.0; break;
case 5 : TouchSurfacePoint[1] = -0.5; TouchSurfaceNormall[l] = -1.0; break;
}

// mynumsuf [2] ,mynumsuf [1] ,mynumsuf [0] IC &k V) % FATHH)
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//TouchSurfacePoint [0] += mynumsuf[2] - 1.0
//TouchSurfacePoint[1] += mynumsuf[1] - 1.0;
//TouchSurfacePoint[2] += mynumsuf[0] - 1.0
TouchSurfacePoint [0] += SurfNew.x - 1.0;
TouchSurfacePoint[1] += SurfNew.y - 1.0;
TouchSurfacePoint[2] += SurfNew.z - 1.0;

b

// Ri% CubeViewMatrix[] &IFEH L THEDVEICEIMR
tmpP[0] = CubeViewMatrix[ 0] * TouchSurfacePoint[0] +
CubeViewMatrix[ 4] * TouchSurfacePoint[1] +
CubeViewMatrix[ 8] * TouchSurfacePoint[2];
tmpP[1] = CubeViewMatrix[ 1] * TouchSurfacePoint[0] +
CubeViewMatrix[ 5] * TouchSurfacePoint[1] +
CubeViewMatrix[ 9] * TouchSurfacePoint[2];
tmpP[2] = CubeViewMatrix[ 2] * TouchSurfacePoint[0] +
CubeViewMatrix[ 6] * TouchSurfacePoint[1] +
CubeViewMatrix[10] * TouchSurfacePoint[2];
for (i=0; i<3; i++) TouchSurfacePoint[i] = tmpP[i];

// F4¢% CubeViewMatrix[] &IHEH L THEDZEICEIR
tmpN[0] = CubeViewMatrix[ 0] * TouchSurfaceNormal[0] +
CubeViewMatrix[ 4] * TouchSurfaceNormal[1] +
CubeViewMatrix[ 8] * TouchSurfaceNormall[2];
tmpN[1] = CubeViewMatrix[ 1] * TouchSurfaceNormall[0] +
CubeViewMatrix[ 5] * TouchSurfaceNormall[1] +
CubeViewMatrix[ 9] * TouchSurfaceNormal[2];
tmpN[2] = CubeViewMatrix[ 2] * TouchSurfaceNormall[0] +
CubeViewMatrix[ 6] * TouchSurfaceNormal[1] +
CubeViewMatrix[10] * TouchSurfaceNormal[2];
for (i=0; i<3; i++) TouchSurfaceNormal[i] = tmpN[i];

}

void ModelDraw(void)

{
/* Draw Model */
/* Clear Window (color buffer and depth buffer) */
glClear (GL_COLOR_BUFFER_BIT | GL_DEPTH_BUFFER_BIT);

glMatrixMode (GL_MODELVIEW) ;
glPushMatrix();
glMultMatrixf (CubeViewMatrix) ;

glScalef (scale,scale,scale);

//CoordXYZ(1.0);

if (!Spin && !Drag)
DrawRotateVector(1.0, 1.0);

DrawRubik(1.0, DRAW_DISPLAY, SpinAxis, SpinRow, spin_y);

if (!Spin &% !Drag)
DrawRubikPointer (1.0, DRAW_DISPLAY, SpinAxis, SpinRow, spin_y);
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glPopMatrix ();

if (1Spin && !Drag)
DrawRotateLine (1.0, 1.0);

if (Spin) {
glMatrixMode (GL_MODELVIEW) ;
glPushMatrix();
glLoadIdentity();
glMatrixMode (GL_PROJECTION) ;
glPushMatrix();
glloadIdentity();
gluOrtho2D(0.0, xsize, 0.0, ysize);
glTranslatef(xsize/2.0, ysize/2.0, 0.0);

glPopMatrix();
glMatrixMode (GL_MODELVIEW) ;
glPopMatrix () ;

glFlush();
glutSwapBuffers();
}

void ModelSpin(int x, int y)
{
if (MouseON)
{
if (Spin)
{
if ((Qast_x !=x) || (last_y !'= y))
{
last_x = x;
last_y = y;

// ElEGEh DR

int axisl, axis2;

GLfloat cursor_x = x-xsize/2.0, cursor_y = -(y-ysize/2.0);
GLfloat r1, r2;

/] BN 7)) v 7 LIzRT

DisplayPoint LastClick;

LastClick.x = mylast_x-xsize/2.0;

LastClick.y = -(mylast_y-ysize/2.0);

CalcTwoAxis (&SurfNew, &axisl, &axis2);
CalcRotateAxis(&LastClick, &Axisl, &Axis2,
&cursor_x, &cursor_y);
CalcRotateAngle(&LastClick, &Axisl, &Axis2,
&cursor_x, &cursor_y, &rl, &r2);
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#define ROTATE_CONST 90.0
#define ROTATE_MIN 0.05
#define LOCK_MIN 0.05

if (Rotatelock == 0) {
if (fabs(rl) < ROTATE_MIN && fabs(r2) < ROTATE_MIN)
SpinAxis =0;
else {

if (fabs(rl) > fabs(xr2)) {
spin_y = ROTATE_CONST * ri;
SpinAxis = axis2 + 1;
if (fabs(r1) > LOCK_MIN)
Rotatelock = 1;
}
else {
spin_y = ROTATE_CONST * r2;
SpinAxis = axisl + 1;
if (fabs(r2) > LOCK_MIN)
RotateLock = 2;

}
else {
if (RotatelLock == 1)
spin_y = ROTATE_CONST * ri;
else
spin_y = ROTATE_CONST * r2;
}

switch (SpinAxis) {

case 1 : SpinRow = SurfNew.x; break;
case 2 : SpinRow SurfNew.y; break;
case 3 : SpinRow SurfNew.z; break;

glMatrixMode (GL_MODELVIEW) ;
glPushMatrix () ;
glMultMatrixf (CubeViewMatrix) ;

glPopMatrix ();

glutPostRedisplay();
glFlush();

}
else if (Drag)
{
if ((Qast_x != x) || (last_y != y))
{
whole_spin_x = 1.0 * (x - last_x);
whole_spin_y 1.0 *x (y - last_y);
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last_x = x;

last_y = y;

glMatrixMode (GL_MODELVIEW) ;
glPushMatrix () ;

glloadIdentity();

glRotatef (whole_spin_x, 0.0, 1.0, 0.0);
glRotatef (whole_spin_y, 1.0, 0.0, 0.0)
glMultMatrixf (CubeViewMatrix) ;
glGetFloatv(GL_MODELVIEW_MATRIX, CubeViewMatrix);

b

glPopMatrix () ;
glutPostRedisplay();
}
}
else if (Scale)
{
if (last_y != y)
{
scale += 3.0%2.0*%(y - last_y)/ysize;
if (scale <= 0.1) scale = 0.1;
glutPostRedisplay();
last_x = x;
last_y = y;
}
}
}
}
void TouchCube(int x, int y)
{
if (!MouseON && ((last_x != x) || (last_y !'= y))) {
SelectCube(x, y, &SurfNew, &Surf0ld);
glutPostRedisplay() ;
}
+

void mouse(int button, int state, int x, int y)

{
if (button == GLUT_LEFT_BUTTON)

{
if (state == GLUT_DOWN)

SelectCube(x, y, &SurfNew, &Surf0ld);
Spin = 1;

MouseON = 1;
mylast_x = last_x

X5
mylast_y = last_y = y;

else if (state == GLUT_UP)
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Spin = 0;

MouseON = O;

RotateLock = 0; // [oliizod v v 7 fffk

while (spin_y < 0.0) spin_y += 360;

if (spin_y >= 0.0 && spin_y < 45.0) spin_y = 0.0;

else if (spin_y >= 45.0 && spin_y < 135.0) spin_y = 90.0;
else if (spin_y >= 135.0 && spin_y < 225.0) spin_y = 180.0;
else if (spin_y >= 225.0 && spin_y < 315.0) spin_y = 270.0;
else if (spin_y >= 360.0 && spin_y < 360.0) spin_y = 0.0;
RotateCube (SpinAxis, SpinRow, spin_y);

spin_y = 0.0;
glutPostRedisplay();
}
}
else if (button == GLUT_MIDDLE_BUTTON)
{
if (state == GLUT_DOWN)
{
Drag = 1;
MouseON = 1;
last_x = x;
last_y = vy;
}
else if (state == GLUT_UP)
{
Drag = O;
MouseON = 0;
}
}
else if (button == GLUT_RIGHT_BUTTON)
{
}
}

// ¥—R—R - A2 N ONEE
void keyboard(unsigned char key, int x, int y)

{
if (toupper(key) == ’Q’)
exit (0);
}

void ReshapeWindow(int width, int height)

{
/* Event handling for Window */

/* VIEW PORT SETUP */
glViewport (0, O, width, height);

/* PROJECTION MATRIX SETUP */
glMatrixMode (GL_PROJECTION) ;
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glLoadIdentity();
gluPerspective(40.0, (GLfloat)width/(GLfloat)height, 0.1, 20.0);

/* MODEL VIEW MATRIX SETUP */

glMatrixMode (GL_MODELVIEW) ;

/* Reset Modelview matrix */

glloadIdentity();

glGetFloatv(GL_MODELVIEW_MATRIX, CubeViewMatrix) ;
gluLookAt(0.0,0.0,EyeDist, 0.0,0.0,0.0, 0.0,1.0,0.0);

/* Set Light Posision */
glLightfv(GL_LIGHTO,GL_POSITION,Light0.posision);

/* Save Now Window size for Mouse evnet */
width;
height;

xsize

ysize

}

void main(int argc, char** argv)
{
/* Window Setup using glut */
glutInit(&argc, argv);
glutInitDisplayMode (GLUT_DOUBLE | GLUT_RGBA | GLUT_DEPTH);
glutInitWindowPosition(0, 0);
glutInitWindowSize(xsize,ysize) ;
glutCreateWindow ("Cubism ver 3.1");
//glutCreateWindow (argv[0]) ;

glHint (GL_LINE_SMOOTH_HINT,GL_FASTEST);
glEnable (GL_LINE_SMOOTH) ;
glHint (GL_POINT_SMOOTH_HINT,GL_FASTEST);
glEnable (GL_POINT_SMOOTH) ;

glClearColor (1.0, 0.9, 0.8, 1.0);
//glClearColor (0.7, 0.7, 0.5, 1.0);

/* Set Light model,Light,Material Parameter */
SetLight_MaterialParameter();

/* Set Rubik’s Cube -- Material Parameter */
SetMyMaterialParameter();

/* Set Light model */
SetLightModel();

/* Set Light =/
SetLight () ;

/* Set Material */
SetMaterial();

/* LIGHTING ON */
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glEnable (GL_LIGHTING) ;
/* LIGHT NO.O ON */
glEnable (GL_LIGHTO) ;

/* DEPTH TEST ON */
glEnable (GL_DEPTH_TEST) ;
/* NORMALIZE ON */
glEnable (GL_NORMALIZE) ;

/* Polygon mode set */

/* Front face Fill */

glPolygonMode (GL_FRONT,GL_FILL) ;

/* Back face Line (Only wireframe mode) */
glPolygonMode (GL_BACK,GL_LINE) ;

/* BackFace Culling */
glCullFace (GL_BACK) ;

/* Culling mode set */
glEnable (GL_CULL_FACE) ;

/* alpha blending */
glBlendFunc (GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA);
glEnable (GL_BLEND) ;

// ¥ =2 —TEROGIHIL
InitCubelInfo();

glutMotionFunc(ModelSpin);
glutPassiveMotionFunc (TouchCube) ;
glutMouseFunc (mouse) ;
glutKeyboardFunc (keyboard) ;
glutReshapeFunc (ReshapeWindow) ;
glutDisplayFunc (ModelDraw) ;
glutMainLoop();

A.2 rubik.c

/*
rubik.c
Program by Takashi Oshiba <ohshiba@softlab.is.tsukuba.ac.jp>

for IRIX 6.3
*/

#include <GL/gl.h>
#include "Cubism.h"
#include "draw.h"

#include "rubik.h"
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#include "select.h"

/] V=Y I X a—T LK%

// BEOHMEE— R DRAW_DISPLAY &,

// &Y hFxvsE—F DRAW_SELECT O 2fERNEIF% T 5.

void DrawRubik(GLfloat length, int mode, int axis, int row, float spin)
// axis 0: BfR%&L 1:x 2:y 3:z

{

int x, y, Z;

if (mode == DRAW_DISPLAY) {
switch (axis) {
case 0 :
for (z=0; z < 3; z++)
for (y=0; y < 3; y++)
for (x=0; x < 3; x++)
DrawCube (length, x, y, z);
break;

case 1 :
for (z=0; z < 3; z++)
for (y=0; y < 3; y++)
for (x=0; x < 3; x++)
if (x !'= row)
DrawCube (length, x, y, 2z);
glPushMatrix () ;
glRotatef (spin, 1.0, 0.0, 0.0);
for (z=0; z < 3; z++)
for (y=0; y < 3; y++)
for (x=0; x < 3; x++)
if (x == row)
DrawCube (length, x, y, 2z);
glPopMatrix ();
break;

case 2 :
for (z=0; z < 3; z++)
for (y=0; y < 3; y++)
for (x=0; x < 3; x++)
if (y !'= row)
DrawCube (length, x, y, 2);
glPushMatrix Q) ;
glRotatef (spin, 0.0, 1.0, 0.0);
for (z=0; z < 3; z++)
for (y=0; y < 3; y++)
for (x=0; x < 3; x++)
if (y == row)
DrawCube (length, x, y, 2);
glPopMatrix ();
break;
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case 3 :
for (z=0; z < 3; z++)
for (y=0; y < 3; y++)
for (x=0; x < 3; x++)
if (z !'= row)
DrawCube (length, x, y, 2);
glPushMatrix ();
glRotatef (spin, 0.0, 0.0, 1.0);
for (z=0; z < 3; z++)
for (y=0; y < 3; y++)
for (x=0; x < 3; x++)
if (z == row)
DrawCube (length, x, y, 2);
glPopMatrix ();
break;
}
}
else if (mode == DRAW_SELECT) {
switch (axis) {
case 0 :
for (z=0; z < 3; z++) {
glPushName (z) ;
for (y=0; y < 3; y++) {
glPushName (y) ;
for (x=0; x < 3; x++) {
glPushName (x) ;
DrawHCCube(length, x, y, 2z);
glPopName () ;
}
glPopName () ;
}
glPopName () ;
}

break;

case 1 :
for (z=0; z < 3; z++)
for (y=0; y < 3; y++)
for (x=0; x < 3; x++)
if (x !'= row)
DrawHCCube (length, x, y, 2);
glPushMatrix Q) ;
glRotatef (spin, 1.0, 0.0, 0.0);
for (z=0; z < 3; z++) {
glPushName (z) ;
for (y=0; y < 3; y++) {
glPushName (y) ;
for (x=0; x < 3; x++) {
if (x == row) {
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glPushName (x) ;
DrawHCCube (length, x, y, 2z);
glPopName () ;
}
}
glPopName () ;
}
glPopName () ;
}
glPopMatrix ();
break;

case 2 :
for (z=0; z < 3; z++)
for (y=0; y < 3; y++)
for (x=0; x < 3; x++)
if (y != row)
DrawHCCube (length, x, y, 2);
glPushMatrix () ;
glRotatef (spin, 0.0, 1.0, 0.0);
for (z=0; z < 3; z++) {
glPushName (z) ;
for (y=0; y < 3; y++) {
glPushName (y) ;
for (x=0; x < 3; x++) {
if (y == row) {
glPushName (x) ;
DrawHCCube (length, x, y, z);
glPopName () ;
}
}
glPopName () ;
}
glPopName () ;
}
glPopMatrix ();
break;

case 3 :
for (z=0; z < 3; z++)
for (y=0; y < 3; y++)
for (x=0; x < 3; x++)
if (z !'= row)
DrawHCCube (length, x, y, 2z);
glPushMatrix Q) ;
glRotatef (spin, 0.0, 0.0, 1.0);
for (z=0; z < 3; z++) {
glPushName (z) ;
for (y=0; y < 3; y++) {
glPushName (y) ;
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for (x=0; x < 3; x++) {
if (z == row) {
glPushName (x) ;
DrawHCCube (length, x, y, z);
glPopName () ;
}
}
glPopName () ;
}
glPopName () ;
}
glPopMatrix ();
break;
}
}
}

A.3 select.c

/*
select.c
Program by Takashi Oshiba <ohshiba@softlab.is.tsukuba.ac.jp>

for IRIX 6.3
*/

#include <GL/gl.h>
#include <GL/glu.h>
#include "Cubism.h"
#include "draw.h"
#include "rubik.h"
#include "select.h"
#include "modeldata.h"

void DrawHCCube(GLfloat length, int x, int y, int z)
{
glMatrixMode (GL_MODELVIEW) ;
glPushMatrix();
glTranslatef ((x-1)*length, (y-1)*length, (z-1)*length);

HCCube (length) ;
glPopMatrix () ;

void CalcTwoAxis(SurfInfo *Surf, int *axisl, int *axis?2)

{
switch (Surf->color) {
case 0 : *axisl = 0; *axis2 = 1; break;
case 1 : xaxisl = 0; *axis2 = 1; break;
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case 2 : *axisl = 1; *axis2 = 2; break;
case 3 : *axisl = 1; *axis2 = 2; break;
case 4 : *axisl = 2; *axis2 = 0; break;
case 5 : xaxisl = 2; *axis2 = 0; break;
}
}

// RITAIC KB YT
void SelectCube(int x, int y, SurfInfo *New, SurfInfo *01d)
{
GLuint selbuf [BUFFERSIZE]; // kL 723>y 7T 7
GLint hits;
GLint viewport[4];
GLuint *p, zmin;
int i, j;
GLint numsuf[4]; // HO&ES (HHI—NK)
glGetIntegerv(GL_VIEWPORT, viewport); // Y =—R— hMEHROIVE
glSelectBuffer (BUFFERSIZE, selbuf);
glRenderMode (GL_SELECT) ;
glInitNames(); // *— LAV IRZUCT S

glMatrixMode (GL_PROJECTION) ;
glPushMatrix();

glLoadIdentity();

VVAR=RADY i
gluPickMatrix ((GLdouble) x, (GLdouble) (viewport([3] - y),
2.0, 2.0, viewport);
gluPerspective(40.0, (GLfloat) viewport[2]/(GLfloat) viewport[3], 0.1, 20.0);

glMatrixMode (GL_MODELVIEW) ;
glPushMatrix();
glMultMatrixf (CubeViewMatrix) ;

/* Change modelview matrix */
glScalef (scale,scale,scale);

//DrawRubik (1.0, DRAW_SELECT);
DrawRubik(1.0, DRAW_SELECT, 0, 0, 0.0);

glPopMatrix () ;
glMatrixMode (GL_PROJECTION) ;
glPopMatrix () ;

glFlush();

// BV LTEL 7 arvey hoB»wR->TL 5
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hits = glRenderMode (GL_RENDER) ;
//printf ("hits= %d\n", hits);

zmin = 4294967295;
p = (GLuint *) selbuf;

numsuf [0] = -1;

for (j=0; j<hits; j++) {
GLuint /*num,*/ z0/*, zlx*/;
/*num =%/ *p++;
z0 = *p++;
/*z1 =%/ xp++;

if (z0 < zmin) {
zmin = z0;
for (i=0; i<4; i++)
numsuf [i] = p[i];
}
p =4
}

/] eV RBdHoizs. ..
int axisl, axis2;
if (numsuf[0] >= 0) {
CalcTwoAxis(New, &axisl, &axis2);
//printf ("axisl=)d, axis2=Yd\n", axisl, axis2);
if (New->x !'= numsuf[2] || New->y !'= numsuf[1] ||
New->z != numsuf[0] || New->color != numsuf[3]) {
01ld->x = New—>x;
0ld->y = New->y;
0ld->z New->z;
0ld->color = New->color;

New->x = numsuf [2];

New->y = numsuf[1];
New->z = numsuf [0];
New->color = numsuf[3];
}
}
}
A.4 draw.c
/*
draw.c
Program by Takashi Oshiba <ohshiba@softlab.is.tsukuba.ac.jp>
for IRIX 6.3
*/
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#include <GL/gl.h>
#include <math.h>
#include "Cubism.h"
#include "material.h"
#include "draw.h"
#include "rubik.h"
#include "modeldata.h"

extern CubeInfo CubeDatal3][3][3];
extern SurfInfo Surf0ld, SurfNew;

/] ¥ =—T% 1 DEH
void DrawCube(GLfloat length, int x, int y, int z)
{

glMatrixMode (GL_MODELVIEW) ;

glPushMatrix();

glMultMatrixf (CubeDatalx] [y] [z] .Matrix);

Cube (length);

glPopMatrix();
}

/] R A= sl EOIMlloRE AL AL T S
void DrawPointer(int length, int x, int y, int =z)
{

GLfloat half = fabs(length) / 2.0;

glMatrixMode (GL_MODELVIEW) ;
glPushMatrix();
glTranslatef ((x-1)*length, (y-1)*length, (z-1)*length);

switch (SurfNew.color) {

case 0 :
// orange
glBegin(GL_POLYGON) ;
glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3f(0.0,0.0,-1.0);
glVertex3f (half,half,-half);
glVertex3f (half,-half,-half);
glVertex3f (8.0%half/9.0,-8.0%half/9.0,-half);
glVertex3f (8.0*half/9.0,8.0%half/9.0,-half);
glEnd Q) ;

glBegin (GL_POLYGON) ;
glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3f(0.0,0.0,-1.0);

glVertex3f (half,-half,-half);

glVertex3f (-half,-half,-half);
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glVertex3f (-8.0%half/9.0,-8.0%half/9.0,-half);
glVerteXSf(S.O*half/9.0,—8.0*ha1f/9.0,—half);
glEnd();

glBegin (GL_POLYGON) ;
glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3f(0.0,0.0,-1.0);

glVertex3f (-half,-half,-half);

glVertex3f (-half,half,-half);

glVertex3f (-8.0%half/9.0,8.0%half/9.0,-half);

glVertex3f (-8.0%half/9.0,-8.0%half/9.0,-half);

glEnd () ;

glBegin (GL_POLYGON) ;
glMaterialfv(GL_FRDNT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3f(0.0,0.0,-1.0);

glVertex3f (-half ,half,-half);

glVertex3f (half,half,-half);

glVertex3f (8.0*half/9.0,8.0%half/9.0,-half);

glVertex3f (-8.0%half/9.0,8.0%half/9.0,-half);

glEnd () ;

break;

case 1 :
// red
glBegin(GL_POLYGON) ;
glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3£f(0.0,0.0,1.0);
glVertex3f (-half,half,half);
glVertex3f (-half,-half,half);
glVertex3f (-8.0*half/9.0,-8.0%half/9.0,half);
glVertex3f (-8.0%half/9.0,8.0%half/9.0,half);
glEnd(Q);

glBegin (GL_POLYGON) ;
glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3£(0.0,0.0,1.0);

glVertex3f (-half,-half, half);

glVertex3f (half,-half, half);
glVertex3f(8.0%half/9.0,-8.0%half/9.0,half);

glVertex3f (-8.0*half/9.0,-8.0%half/9.0,half);

glEnd () ;

glBegin(GL_POLYGON) ;
glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3f(0.0,0.0,1.0);

glVertex3f (half,-half,half);

glVertex3f (half,half,half);

glVertex3f (8.0%half/9.0,8.0*half/9.0,half);

glVertex3f (8.0%half/9.0,-8.0*half/9.0,half);
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glEnd();

glBegin (GL_POLYGON) ;
glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3f(0.0,0.0,1.0);

glVertex3f (half,half,half);

glVertex3f (-half,half, half);

glVertex3f (-8.0*half/9.0,8.0*half/9.0,half);

glVertex3f (8.0%half/9.0,8.0%half/9.0,half);

glEnd();

break;

case 2 :
// green
glBegin (GL_POLYGON) ;
glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3f(1.0,0.0,0.0);
glVertex3f (half ,half,half);
glVertex3f (half,-half , half);
glVertex3f (half,-8.0*half/9.0,8.0%half/9.0);
glVertex3f (half,8.0%half/9.0,8.0*half/9.0);
glEnd () ;

glBegin(GL_POLYGON) ;
glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3f(1.0,0.0,0.0);

glVertex3f (half,-half,half);

glVertex3f (half,-half,-half);

glVertex3f (half,-8.0*half/9.0,-8.0*half/9.0);

glVertex3f (half,-8.0%half/9.0,8.0*%half/9.0);

glEnd Q) ;

glBegin(GL_POLYGON) ;
glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3f(1.0,0.0,0.0);

glVertex3f (half,-half,-half);

glVertex3f (half,half,-half);

glVertex3f (half,8.0%half/9.0,-8.0%half/9.0);

glVertex3f (half,-8.0%half/9.0,-8.0%half/9.0);

glEnd();

glBegin (GL_POLYGON) ;
glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3£(1.0,0.0,0.0);

glVertex3f (half,half,-half);

glVertex3f (half,half,half);

glVertex3f (half,8.0*half/9.0,8.0%half/9.0);

glVertex3f (half,8.0%half/9.0,-8.0%half/9.0);

glEnd();

break;
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case 3 :
// yellow
glBegin (GL_POLYGON) ;
glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3f(-1.0,0.0,0.0);
glVertex3f (-half ,half,-half);
glVertex3f (-half,-half,-half);
glVertex3f (-half,-8.0%half/9.0,-8.0%half/9.0);
glVertex3f (-half,8.0*half/9.0,-8.0%half/9.0);
glEnd Q) ;

glBegin(GL_POLYGON) ;
glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3f(-1.0,0.0,0.0);

glVertex3f (-half,-half,-half);

glVertex3f (-half,-half,half);

glVertex3f (-half,-8.0%half/9.0,8.0%half/9.0);
glVertex3f(-half,-8.0%half/9.0,-8.0*half/9.0);

glEnd();

glBegin (GL_POLYGON) ;
glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3f(-1.0,0.0,0.0);

glVertex3f (-half,-half,half);

glVertex3f (-half,half, half);

glVertex3f (-half,8.0*half/9.0,8.0*%half/9.0);

glVertex3f (-half,-8.0%half/9.0,8.0%half/9.0);

glEnd () ;

glBegin (GL_POLYGON) ;
glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3f(-1.0,0.0,0.0);

glVertex3f (-half,half,half);

glVertex3f (-half,half,-half);

glVertex3f (-half,8.0*half/9.0,-8.0%half/9.0);

glVertex3f (-half,8.0%half/9.0,8.0*half/9.0);

glEnd () ;

break;

case 4 :
// blue
glBegin (GL_POLYGON) ;
glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3f(0.0,1.0,0.0);
glVertex3f (-half ,half,-half);
glVertex3f (-half,half,half);
glVertex3f (-8.0*half/9.0,half,8.0%half/9.0);
glVertex3f (-8.0%half/9.0,half,-8.0%half/9.0);
glEnd();
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glBegin(GL_POLYGON) ;
glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3f(0.0,1.0,0.0);

glVertex3f (-half,half,half);

glVertex3f (half,half,half);

glVertex3f (8.0*half/9.0,half,8.0*half/9.0);

glVertex3f (-8.0*half/9.0,half,8.0%half/9.0);

glEnd();

glBegin (GL_POLYGON) ;
glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3£(0.0,1.0,0.0);

glVertex3f (half,half,half);

glVertex3f (half,half,-half);
glVertex3f(8.0*half/9.0,half,-8.0%half/9.0);

glVertex3f (8.0%half/9.0,half,8.0*half/9.0);

glEnd();

glBegin (GL_POLYGON) ;
glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3f(0.0,1.0,0.0);

glVertex3f (half,half,-half);

glVertex3f (-half,half,-half);

glVertex3f (-8.0%half/9.0,half,-8.0%half/9.0);

glVertex3f (8.0*half/9.0,half,-8.0%half/9.0);

glEnd();

break;

case 5 :
// white
glBegin (GL_POLYGON) ;
glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3f(0.0,-1.0,0.0);
glVertex3f (-half,-half,half);
glVertex3f (-half,-half,-half);
glVertex3f(-8.0%half/9.0,-half,-8.0%*half/9.0);
glVertex3f (-8.0*half/9.0,-half,8.0%half/9.0);
glEnd () ;

glBegin (GL_POLYGON) ;
glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3f(0.0,-1.0,0.0);

glVertexBf(—half,—half,—half);

glVertex3f (half,-half,-half);

glVertex3f (8.0%half/9.0,-half,-8.0%half/9.0);

glVertex3f (-8.0%half/9.0,-half,-8.0%half/9.0);

glEnd();

glBegin(GL_POLYGON) ;
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glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3f(0.0,-1.0,0.0);

glVertex3f (half,-half,-half);

glVertex3f (half,-half,half);
glVertex3f(8.0%half/9.0,-half,8.0%half/9.0);
glVertex3f(8.0*half/9.0,-half,-8.0%half/9.0);

glEnd Q) ;

glBegin (GL_POLYGON) ;
glMaterialfv(GL_FRONT_AND_BACK,GL_DIFFUSE,TransparentWhite.diffuse);
glNormal3f(0.0,-1.0,0.0);

glVertex3f (half,-half,half);

glVertex3f (-half,-half,half);

glVertex3f (-8.0*half/9.0,-half,8.0%half/9.0);

glVertex3f (8.0%half/9.0,-half,8.0%half/9.0);

glEnd();

break;

glPopMatrix () ;
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void DrawRubikPointer(GLfloat length, int mode, int axis, int row, float
int x, y, Z;

glDisable (GL_DEPTH_TEST) ;
if (mode == DRAW_DISPLAY) {

for (z=0; z < 3; z++)
for (y=0; y < 3; y++)

for (x=0; x < 3; x++)
if (x == SurfNew.x && y == SurfNew.y &% z == SurfNew.z) {

DrawPointer (length, x, y, 2);

glEnable (GL_DEPTH_TEST) ;
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