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We have developed a picture language system for constructing 3D models in Scheme, one version of Lisp.
Understanding both procedural abstractions and data abstractions is important for all people who learn to
write efficient and compact source codes. A picture language has been the most effective way to understand
those concepts, because it can present structures of programs as intuitively and visually understandable
2D figures, which was originally introduced in a legendary book of computer science, SICP (Structure and
Interpretation of Computer Programs). We designed and implemented the extended picture language for 3D
models using JAKLD and enabled the system to export models in 3D printable format, in order to deepen
learners’ understanding of abstractions by analogy of spatial fractal structures of substantial models. We
report the use of our system as a teaching material in a lecture for first-year undergraduate students.
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3D ETNVOA VR— RO 7 AR— MMEhE D $Rft
$5. ZHIZHIZ 3D EFIVOBREEL V) FREGW
DN, EBOETNVOFRE Y H TR THERL, #
EOHFER TNy JIEHT A L2 THEE 5.

3.5 12427 1—2AD5HEt

rTiE#EEz, RVATLTRETLIFREEZR
16K 4IZHET S, £1133D R/ >% L 3D
TV = LOWEED D DN LT EO—ETH
%. painter:polyhedron (XFKMIEM, THM D) A
b, HEBERTLEEAOA YTy 7 AD=Z2H0Y
Ab2n, ZHAEERT 3D A YRR T 5.
painter:transform (& 3D XA » %, 3D 7L — A
»o, B @M LHIE R RO L 3D XA ¥
¥ R 5. painter:union (B D 3D <A1 ¥
e, TNOLEEWMLIE LV 3D XA ¥ &t
3 %. make-3d-frame (XJE 1 & FEEK AT M LD
WROEENS, 3D 7L — LEHRT 5.

# 213 3D EHE O - ORiBIN 2 Fh & 0—&
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1 3D XA TEBEDHDERN L FiE

Fhe & 4 5l OR R %l
(painter:polyhedron <attribute> <3D vector list> <3D vector list>) <3D painter>

(painter:transform  <3D painter>
(painter:union

(make-3d-frame

<3D painter>
<3D vector>

vector>)

<3D frame>)
<3D painter>s)

<3D vector>

<3D painter>

<3D painter>

el

<3D vector> <3D <3D frame>

F 2 3D HMOHED 7= DFEBHEY & Fi &

Tt & %4 5 OR B fE DR
(make-camera <3D vector> <3D vector> <3D vector>) = <camera>
(make-parallel-light <3D vector> <intensity>) = <light>
(make-point-light <3D vector> <intensity>) = <light>
(make-intensity <number> <number> <number>) = <intensity>
(make-attribute <color> <color> <color> <color> <number>) = <attribute>
x3 TVITq TLREMBRCERDZHDFHRE

Tl & % FIBDR R %l
(painter:cube <attribute> <3D vector>) = <3D painter>
(painter:sphere <attribute> <number> <number>) = <3D painter>
(painter:cylinder <attribute> <number> <number> <number> <number>) = <3D painter>
(painter:revolution <attribute> <3D vector list> <number>) = <3D painter>
(painter:scale <3D vector> <3D painter>) = <3D painter>
(painter:rotate <number> <3D vector> <3D painter>) = <3D painter>
(painter:translate <3D vector> <3D painter>) = <3D painter>

R4 HEOI-T1YUT1 EAHNDLEHDFREE

Tt &4 Elk: 2k RO EDOR
(show <3D painter> <3D frame>) = <boolean>
(redraw ) = <boolean>
(export <string> <symbol>) — <boolean>
(import <string>) = <boolean>

T 5. make-camera |IHLHONE, BUEOTIN,
PEIPH S, AT 5. make-parallel-light
Mo TR, JEROMEE NS, AT & K
9 %. make-point-light (IJGHOAE, IO IH
RS, mGEEZEN T 5. make-intensity (30

BOMEZETREDS, HBFEOEEZERT 5.
make-attribute (X 2D X4 ¥ ¥ Ofs, BEEKG, L
B, S oFhEn e RS, EERPS, R
HEMEZ RS 5.

E3EER1OFE TERTERTH LA, FMENR
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ED72012H 5 COMBE LT I 7 1 7R XA
B E B 720D TFHi X D—ETH 5. painter:cube
EREEE, ZFLORSH,S, BHKEERT 3D R
4% %9 5. painter:sphere |IRMEME, P
B, RN T EOMBEEN S, BEERT 3D X
A2 %MK T 5. painter:cylinder (ZFRHEME,
mE, DKHmOPE TEREOYE ) ITraEo
TRIEEN S, Mt aR Y 3D XA V¥ 2T 5.
painter:revolution I FMHEM:, [RIHERTTH O TH &
DY AL, BlEREEZERST 3D A V¥ 2k
%. painter:scale (ZZBIHMOMEHE, 3D <A »
Finb, TR L72H L 3D XA %
W9 4. painter:rotate |I[AIHSMASE, [AIHzi,
3D XA ¥ Fph, ENEEFEELIH LV 3D A ¥
% %fEN 9 5. painter:translate |IZ {7, 3D X
{2 5mb, TNEFARELH LY 3D <14 ¥
YR T 5.

FARHEOL—T 1) T4%, ETNVOANT
DI=ODFHHEEXD—ETH 5. show 1T 3D X1 V7,
3D 7L —anb, 03D XA V¥ EFHETLL0
T, 3D 7 L—ADEBESNHETESFLRE RS
3D 7L —2% 3D A VY IZHZCFHT 5. 374
DL, 3D XA VI OEFHEAEOE LW SN 5.
redraw |35 1% S 3, ERIICHIE L7z 3D RE%:
T 5. export 137 7 A VG, EAEERT IV
R n, BERICHE L7z 3D MIEOET VE LY
AR=P35. BREET VRNV 'scaD 2fEE
T&, INARESNHEE OpenSCAD BT
I AR=DTEH, VRV EHRENTGEITS
KNE LTI AKR—FF 5. import 7 7 4 V&D
b, ZOT77ANMISRELTEENS 3D ET )V
A UR—FT 5.

AR AT AlE Scheme FTEEIN, 50T
BEIA Yy T Ik oTA ¥ 5T 7T 4 TIFH
LERE/LILENTELLDLT S,

4 BR

AEITIE 3D HIESFHOEEIZOWTHIT 5. K
Y AT AlE Scheme Db &b LT HHREEEZ 2T
HWbZ EDTED L) ZERIZHES) 728, Scheme
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HRRR

*camera*,*lights*

RERNE

make-attribute 3D B HEE

((PZ U )]

show

[ 3DETFIAA
import

3D RAVSHER

painter:*

3D EFILHA
(F—2D %)

export

3D JL—L
make-frame

4 BEBEETLF S O

T, 2D MESHEOMRELFIH L CTHET L. Ih
AR AT AL RSN S 3D [ M5 %
HRe%, 2D IESHEIC L Wit 2D Bk
EREDODFRHE R 4 ¥ K EADFIRD 72
HOEENE BTS2 2 L 2 EWT 5. Ay 27
L 1% Scheme WLEER & LC JAKLD [33] # I3 %
720 JAKLD O % 2D O A ¥ & i Fhi &
WARGET 205, NS T ZIdRAT v O FERN
GRESIIE) bOTH ) — ML HEEEZH L TWw5
56, 2D HIEEELT FEE L TV A Mo RERANOR
WMLBEHTHDHEEZD.

DTFTIZE 3D A v ¥ OfEHD720, 3D EF
VR 3D 7L —24, TOMBEINET— 5122w T
DFEHERRL . FOLT 3D KEEHET S L~
F v IRREOFEEREBTIL, S512F0 3D €7
V% OpenSCAD A7) 7 "L T 7 AR—
MY AREEDEREFRRNRD. KL AT LOWEETH D
WERE - HiE - AHDIC X BTy AR— T OtREL, E
4L E 5 Th & OMISERIEIR 4 IR SN,

4.1 3D R OERIEEEDRLE

5 3D MEOMKOERL 2D, 77— FHiEIC
DWTHHAT L, RYATLIETRT S A EMEN
LZRTRABEN, |d 7)) I T4 T HhT— 5 HEELY
A NTHAH7% L, Scheme DY % ZITHNT WS,
JERE R HEFRERTONRZ F Vi) A P TERBLEN,
THNIHNINRZ M55 A P TRIENS, Hlb
N7 MBS MVTHERT. YA MIEGEET
AT o MR EARY ST (I

LTFT, wWohrnFr—siEzEEY 2 &M
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(list ’type type
’subtype subtype
’properties properties ;
’polygons polygons))

oo W N

(define (make-model type subtype properties polygons)

; 3D ETNTHDLIEERT Y VRN
; 3D MIEOMEE RS R )V
INT A — 51l

R IS

5 3D EFIIIBKFHEE nake-model

(lambda (frame-or-key)
(case frame-or-key
(’type type)
(’model model)

(make-painter ’dim3
’polyhedron

=
= O © 00 N O O b W N =

=
w N

(define (make-painter type subtype properties polygons)
(let ((model (make-model type subtype properties polygons)))

(else (draw (transform-model model frame-or-key)))))))

(define (painter:polyhedron attribute points triangles)

(list points triangles)
(make-polygons-polyhedron attribute points triangles)))

6 3D ~A2tERFHE painter:polyhedron

WTEFKT L. JEIEY X ME P (Property) ) A b &
LIFEN, HEFEEHOEREIRTEBHEOMEE BEEOM
BHEHOERL L THEMTLYAMNTH S,

4.1.1 3D EFIOTF—21EE

3D E7NVIE 3D A Y HIZRFEE NS 3D I
DFELRTHY, 3D A ¥ ¥ OFFMEICSE S Tl
FEOZDIZL 7)) Y I fi & draw IZESNS. &
7oL AR— MEIZIE, 3D X% OpenSCAD A 2
V7RI L s TRTEREZERT L7207 X
R— MFHi & export LB IN 5.

3D ETNVIEK 5 IZRT L HIZ, 3D ETNTH D
ZEERRT Y VRN, 3D MEOEEY RT T VR,
FIREREST D ECHEERL/85 A—41H, 3D X
BOREDOLAFTH LR T OEEHERIHFD
BYEY A M e LTHEET S, 3D HEofiz Rty
YARNVIRMT BT I 54 TREE T EICHEREL
ZOWRIREPRET 535 A — & OFEHITERFOM
HICEBEDOLOTHAH., R T 3D K%L
FELTEUMLT, ZHMIZOWTORKSLHEE % 515&
L, VEEEHTHL0T, LAREMET HTES
HHEEETEI D & e M E 2 4MIlE L CEFRT 5.

R T UEREBME L THEEZED) X b BRI
FORM) AN Ths. LiEME 2D KB TH 5
Gof, RE, OIEL SRKEOSEEE LTof,
St MEOMETH S (KEHEER 4.2 BiTRE0).
filk RGB A ERICFHFOBMEY A M TH 5.

4.1.2 3D XML A2DT—21EE

3D XA YHIEH6 IR LI/ -V v & LT
FET 5. 3D A VYRR T A TR, 3D MIE
WZOWTOERYSZITIY 3D EF VAL T, B
BOWNIOA I =TI FT 5. SHlczora—7
WIZ 3D A ¥ ¥ 2T 5 2 LT, ZNHRHis
LERCIIRESRE SN2 3D BTNV ESIRT 2 2 LA RE
b, EBROFHEEIZI1X, & transform-model
WZEDBIEUCZITI 72 3D 7L — 2 ORTEHR LY =
? 3D EFNVHOLEEICHEA L, £E%EO 3D E
TNEL YY) Y TFHE drav (ZHET.

3D EFIWVEMEAD 3D XA v F¥Dra—T ¥
B 2 AEE LTI, A OFHENTEBSES
ZENTE, ZOXRLA Y IDOFET 3D ETIVOFEE
DTF—F %@L TA v ¥ To— AL FEHEL 25T
X258 THDH. F723D A VI EEPIAREIL RN
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(define (make-3d-frame o u v w)
(list ’type ’dim3
’origin o
’edges (list u v w)))

B W N e

;3D JL—ATHLILERTY VRV
s RO
L BHEARZ P VOZBRED ) A

7 3D 7L —LBRFHHRE nake-3d-frame

3D EF VOB ENT -y VaL s 72
&L EfFETE, 3D ET)VE 3D A V¥

MO, B Z AT SIEREF CEPICER] T
BICHRTEREOTFME2LRLT5D.
3D RA VY OEWREKROBEIZIL, B E iz

3D EFNVICT 7R ALTCWET S, $hbb 3D X
A251E3D 7L—LDARTHL, Avk—T%FK
T2 VRNV EZITE) WERICEE LS 7z 3D BTV
FRTFHELLTEETL, Z0LE & AvE—D
I2&% 3D ETIVOHUSBIEY T —HFh L IEHT 5
7289, 3D XA V¥ MY D EIIMR TR & 12 &
57y THUEIR D, #§IC 2D KIESEETIHER
TEFRTHLDE LT/ painter:transform d,
K AT HIBWTEDH O LoRMT 5.

4.1.3 3D JL—LOTF—5EE

3D 7L —AEH 70D, 3D 7L —ATHDH T
EERRT Y VRN, FEOERSE, KEENRT Mo
DY A P EEFIHFOBMEY A P TH 5.

4.2 3D K OHEEEEDELE

3D MEOMEIX, ZN0FEBRICHELET 200 L9
122D O TEHT LZMITHY, Lyy) 7
MEENZ. Ly ) 2703 3D XA ¥ ¥ HEFiE
7B FHEE draw 12 3D EFAVAES R TCETESN
20T, ¥, sUvEVT, Ya—T1 0T &
- B, ROIRS 2RTES N LEEAD
R TUORWEE NS, 5 ODERIITEITE L. L
TTIEE Y 3D HEORHEIZ LI L 2 % B & OGE
DT —F BB, RISV Y5 v T OEKEREICD

THT 5.

4.2.1 R, KEOTF—21EE

RAIIAEZ £, SBomm~Rs My, Sl
HF A ERIHEOBMY A N Th L. BLERHIFIIH
DH TR B HE, B, BAT X OIROM % ERITFD

VAMTHY, TOTHEERIZA S KIEO A A S
nNo0ELTw5

TR AT IR & sOGIROTEE L S V), 3D HIEO
AHINCE 2 NS, SEATRRIE, TR CH L 2 L %
YT RN, RO R, R EFRITE
DBV A NTH B, FABEIE, SEETHL S
EERIRT T RN, RO & 2T RS, WA 22
FIFHOBE) A N TH D, KFEOEEIIHRBT S
Phong O ESETNIIBIT 2488 ia, ia, is TH 5.
B LRI AR Y A7 A skt LR i o
bDOTH L5, R *camera*x & *lights*
o TEHT L, BRIIEEFAETLZ 2L
*xlights* [IGHEOY A FTHBH. Thbid 3D £7
VoL Y5) 7l bbb 3D XA V¥ O
RlcsiHEn 5.

4.2.2 %%

FPHEEL, HRY T VORIKRD 3D 5 2D ~O
PR TH L. REMW % FHEPATI R &L BRPEGE [12]

B, BIEIIHESS O L S5 TRE SHEAL
LaWTE, BEGEESEVIIERESH/NEL R

LTFETHDL. KV AT HIE, L OVEBROYWORZT
EWEREEE T 7 4V N TIRAL, LEIISET
PATHREANI DB Z oND L HI2T 5.

4.2.3 7UvECY

KIZZ ) v ¥y T THLY, ZNUSHEHPATHTT
T 58 TV 2RI R HBYLL, B2 85
LEBTHL. Ry AT LTI L & ORI HF
FI—PPERTEEL LTWE25, BELD/zDIC
ZOHPASMAFTE ST HTHM ZFOR ) T3 & TH
LW DET S,

4.2.4 Yx—-FT1>7

Pr—T 4 7, GREEMRORERFEICL T
R) T oearBALEEs. HIIMAEERICHEIT
LD EETF ML 2 =T Y TET NI
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*=5

EHRIFOFRE - BROMS

3D MEEHLEDRHE

OpenSCAD 27 7'+ Lo

(painter:polyhedron <A> <P> <T>)
(painter:union <P>s)
(painter:transform <P> <F>)
(painter:cube <A> <V>)

(painter:sphere <A> <R> <S>)
(painter:cylinder <A> <H> <L> <U> <S>)
(painter:scale <V> <P>)
(painter:rotate <N> <V> <P>)

(painter:translate <V> <P>)

polyhedron(points=[<P>], triangles=[<T>]);
union(){ <P>s; }

multmatrix(m=[<F>]){ <P>; }

cube (size=[<V>]);

sphere (r=<R>, $fn=<S>);
cylinder (h=<H>, ri=<L>, r2=<U>,

scale(v=[<V>1){ <P>; }

$fn=<S>);

rotate (KN>,

[<v>1){ <P>; }

translate (v=[<V>]){ <P>; }

EoOWTIrbN s, AV AT 41 Phong O KEHET
V4 & 7Ty M oz—T4 7 N2 #FAL, 2o
ET IV o TR IR S 2 6 & FRIARH %23
T LYEOE AT 4. Phong OKEETIVIZY
REH O M % R GHLE BRIt
FMREHEORE LTEZET S, Mp=(z,y,2)" 12
B I, 3R (3) Ik o THRENSD.

Iy = kaia + . (kaialgnp + ksis(rpvp)®)  (3)

lights
CZC ka, ka, ks DERIE, HL BEOLRHOL
WS 2 WIREH ORE, da, . 45 DICHOMEE L
FITHUETH Y, 1, 13 p NBHET B0 NN, np
ZRY) T OEM, rp OGO AR, v iE p
WOEENOHNE, ZLTa>0 PHETHL. K
Iy OERITAR ) T2 RMICEE %5 & O HAL
N7 MVELTERTS.
4.2.5 [EHE - BiREE
é%r@ﬁ-@ﬁﬁ%i RV I B OMERRE
, MBORY T UNER S N LK) T & R
bTL“GYEf?‘éﬁxﬁ%’C‘%%. KV ZAFHFZ V—F
® 2 AT A 2 v— MERETEY - MEE
LIFIEN, 22 = b0HoRVER) T %
FICRWE L, Vb O%BICHE LT EEXTL L
HROTINVIT) XALDOEMLTHL. A7) —
YEOBEBEI L TR, K T T LT IUL L
mzy~b& ¥, BEOWMHOEIZD 2D 0% A
BT & 2 FIHTEB0FEESEHH LY, BF

VI,

» 2D HIEEFE L b M=

4.2.6 ##E
UEFoBEEZ&TEONET—%1E, 2D 3D
EOKER) TUBRA2 ) - EICHBE N NEH
RE@IIERSR, A7) =250 X > T
JEIZSERSN72bDTH L. ZOEMBOKZR) T
FHBETAHIETLYY) Y T2 D

4.3 I U ZKR— MEEEDEE
3D%7w®171+—b% i3 3D ETIVOARKE
ERFFIICY 255, AEOKEOERT 5
TR EGH E Vo 728 E, BLUEOEKRT ST
374 7MY, FNENIIHIET S OpenSCAD
A7) T FOBBICERT 5. 3D ETIVIEH)
BRINLGEL, TERLLTZOETVES Y&
L& DI 3D EFADPMES N BHEEE T
728, T AR—- TR G ZoOREE LTS T T
W, TbbBEM) A N ESHMIlA SRR o TR
MTHENH)ZETHD, Ry AT A LORTEAERK S
FWEDFH & & OpenSCAD 227 1) 7 ML iR
fts N2 KL OMISERIZES ICELDOLNS.

5 FIAEEE Y7 by 7 DAL

KEICTIE, 3D MESHE* 70T I v FHEEOH
WCH) ANFORMMELMHERT L L LB, VT b
7T DEEN)BEP ORI AT L EMBIT 5.
DFCRETRY AT o xiligeombi#or & L THH
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(a) 737 %VER (b) Hilbert B}

8 RH%EZ(I/- 3D HIFO—B

9 RHEFREERLAEETIV

L72FEREIZDWTIRN, ZFOZ#AEI L 5 KSR OAR
VAT AL o TER STz 3D BT VOB & EET
TEBETL. KTV —AT— FORRR FF oA
MR, TNy ZRRMEEOYEEII OV TIERD,

5.1 BEICHTBIFPEER

HRIT VI RN EF— s HEEAM] 358N
BNOWIRLEELERT 57200V OO EEY
ZHEIGREL TS, 2D MESEOD L TRR& L
T =5 OMGALE EE L 23S MAIN, HDHVIiFE
M EHIEORWEZ B LT, 707 I750L80) Xw
Wi fbo /00t v A% BIZOF 2 %BIEZTTA
EVOHUMEREIRED 1 O THL. AFETIIS N
W2z, 3D KESEE Fv COmAIN % 3D K% Al
B4 DR REL T, EREeT v — bofthit %
AT 720 BRI 3D 7Y Uy 2 HGTHER L,
SSEEE & HICHEEICE 2T T4 = KNy 2 & LT
PEmORIITRE 16 1, 7> 7 — MIRTIIHREL
BHTHos. ThHDH L, K8 RIMED T
77 VLM 8b |27 $ Hilbert M [13] % #i/r

5. BiEIERNEA AR HRE L, BTBRE LT
BONFRD 6 DDOHOF LI ZFNZNTDILHK
AELCRET 2HEL IS, B 322 TE bR
LV T T I NVRIEO—FETHY, SR I0TF
ROEEPFHIRBIIFOH SN, EhEnoiss#:
fES N7 ST RO, ZTNENE BRI LR EM9
e

F/oT7 = MILoT 3D KESHEE FOMER
BT 2 EEERELL. ZIUcXsbe [BLLA
{, TOPE L7 ], [3D Wifg% 7F A PAR—ZT
M ENTEEN], [Scheme & 3D 22—
575747 ABEEL, E5I123D T Y DOEH
ANFER L T2 ODBIREE | & o 72 R 2 AR
o7z, DEPOLRI AT LAOFMHIZE- T,
3D KO & L CFh & & 7 — 7 Mg o5t
WZDOWTOERERFERD, 707 T MMERD 720 DR
LB PMom EPHGETE S, FoERE VD H
WCRZBERZHDL, 3D 7V v #I2X ) FICHL
CLDTELETNVEEMT LI LT, LYFAEDOH
WAk O &, #ENOTOST I 2 TERIINY bR
T EPHETH 5.

5.2 AR EFEMER_EOEE
AWFROREY TH 5 3D KIESiED VY —AT— Nid
Github 1 I, #3227 25 1 FiZ SlideShare 2
LCABLTEY, #THHE LTS Z LA HE
THb., FLARYAT LIFEOHEERIIBY L 2i#A
RYEDPSOREEZIFTT v T F— MR TNy 7%
TH)DOTHY, FIZZOFEME LI 7B A
RENTWS.

6 fham

AWFEILEZROMBIEA & LT, Scheme £ T 2D
M % MR - i 5 2 AT L Ch LR SiE % LR
L, 3D HEOMER - #ili & 3D 7'V ¥ 12 & &R
ZWREL T 5T AT 4 3D MESEELHE L. &
53 5MEE H TR TR THEL, 7urss
LR D20 DI L FAE L L TOTH SR

t1 https://github.com/vi-iv/jakld-3dcg
12 http://www.slideshare.net /vi-iv/jakld-3dcg
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ETF— S MBALOEMEE LET L, BLURE
DFEBZNBEORBN R EEH 2 BT L2 HL L7z,
FHEE LTH) D FVORESED S BEEAICER
CENTEDL)MABICEREL, I¥EoOTO s
53 FEBICHET A E V) Scheme DFFE £
L2, CSG IZX AHpNZ% 3D HIBIER D 720D
LA Z Y A7z, 3D BUEORERK & il O REFEIC
Bz OpenSCAD A2 ) 7 MERANOZEHHRAEF 5
7B LT, YO LA 3D K% 3D 7
& EM L TEMSKILL, Tus T A0E
T AR OEBN 2 HEFEETREE L2, £
TRV AT AR EBRICHERTHAL, SEORDBR
T U= M X o THREN S ORI KIS % 2T -
THM:Z AL 72,

R AT MIPERMEIZDBENTEY, B IR
AR, IR OWM A IZB W TEZ NS, Bl2IE
3D 7L — AT 7 4 YR EFEOLEE L AFEHT
XA, ZHENA VY OB TFHEIC5 2 518
HERD DEBTOMRILIZE Y, §HEERO LS %
B2 WMEERTOMEOER LR 25, £
72 OpenSCAD A7) 7 b TR E N TV 2 H D
3D OB R EE G E A MM A FET S Z
E TR O HHERM ETE 2. DA 0852
T4 7% GUI 2FEHT 5720, 3D KIEO#EGOFE
RICE BT A= a v 0FEHR, fHilikks LTl
YN TIY Y RERTLOTIER L, LERD
PRI D Y — VOFIHD W FETH 2 M S Z &
LEZONDE, KVATFLAOHBELEOFME LTI,
FOF 12— N TV, HIEICEITS FHE -
TS LRI LD E T L TUTT I v AR
FRIZ DWW T OFEBEOF]ZEE ORI TS O 43125 H
H, SHBOFHEL—FIZEDE T4 —F NNy 7 2@l
TV 7 by 27 O#LDO—BOREE HiEL T <

BE AR O—IBix, FHRIE 24220006 O ®
27z FARHEOR 8a KUK 8b & L THIATL
72 3D MBI, ENENZHEEOMIIFTEER LEE
EHFREIC L DEMTH S,
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1% 7075 LfI
1 fEffl (K 1b) O Sierpinski DIEMEF [20]

1 | (define (painter:tetrahedron attribute origin size)

2 "R D fR/ANEAL T H B I % 9 L,3DL X1 ¥ ¥ 2

3 (let ((sO (/ 1.0 2.0))

4 (st (/ 1.0 (* 2.0 (sqrt 2.0)))))

5 (let (53 THEOY A b

6 (ps (list (list s0O 0.0 s1)

7 (list (- s0) 0.0 si1)

8 (list 0.0 sO (- s1))

9 (list 0.0 (- s0) (- s1))))

10 iy HEMKRT2THEOA ¥ 7y 7 AD=Z2801) A b

11 (ts (list (list 0 1 3)

12 (list 0 2 1)

13 (list 0 3 2)

14 (list 1 2 3))))

15 (painter:polyhedron attribute

16 (map (lambda (p) (add (scl size p) origin)) ps)
17 ts))))

18

19 | (define (painter:sierpinski-tetrahedron attribute size n)

20 "Sierpinski DIEWUAIEKT 77 ¥ V& KT 3D, A1 ¥ ¥ ZHERH"

21 (define (sierpinski-tetrahedrony origin size counter)

22 (if (<= counter 0)

23 s FHRIE L o#b ) 1 ZiR/NEAAL o0 IE PUTH 4 % L &

24 (painter:tetrahedron attribute origin (* 1.3 size)) ; need overlap
25 3y BRI LoD ) TRIF ST EE A AE

26 (let ((sO (/ 1.0 4.0))

27 (s1 (/ 1.0 (* 4.0 (sqrt 2.0)))))

28 (let ((00 (add (scl size (list sO 0.0 s1)) origin))

29 (o1 (add (scl size (list (- s0) 0.0 s1)) origin))

30 (02 (add (scl size (list 0.0 sO (- s1))) origin))

31 (03 (add (scl size (1list 0.0 (- s0) (- s1))) origin))

32 (s/2 (/ size 2)))

33 3 IEMHEARO L E ZTER O EOMEIEGOKRE SOFEFZLRE

34 (painter:union (sierpinski-tetrahedron’), o0 s/2 (1- counter))
35 (sierpinski-tetrahedron’% ol s/2 (1- counter))
36 (sierpinski-tetrahedron’ o2 s/2 (1- counter))
37 (sierpinski-tetrahedron’ 03 s/2 (1- counter)))))))
38 (sierpinski-tetrahedrony (list 0.0 0.0 0.0) size n))

39
40 | (define sierpinski-tetrahedron
41 (painter:sierpinski-tetrahedron *attribute* *size* *nx*))
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(define (painter:cube-center attribute origin size)
R QBRI L E RO TR R KT L3DLN A Y B
(let ((s/2 (/ size 2)))
(painter:translate
origin
(painter:translate
(map - (list s/2 s/2 s/2))
(painter:cube attribute (list size size size))))))

(define (painter:too-many-cubes attribute size n)
"SHROEEITFERZAFFDOT T 7 ¥ W EkETLIDLANA VY R
(define (too-many-cubes’, origin size counter)
(if (<= counter 0)
55 FHRIF L o#b 0 IR/ AL J5 1k % BLiE
(painter:cube-center attribute origin size)
33 PRI L2S#D ) TRUTIETEECRE
(let ((s/2 (/ size 2))
(x (+ (/ size 2) (/ size 4))))
(let (;; TEHROER
(t0 (add origin (list x 0 0)))
(t1 (add origin (list 0 x 0)))
(t2 (add origin (list 0 0 x)))
(t3 (add origin (list (- x) 0 0)))
(t4 (add origin (list 0 (- x) 0)))
(t5 (add origin (list 0 0 (- x)))))
3 UHEOKIIZ T ORE SOTEEZRE
(painter:union (painter:cube-center attribute-001 origin size)
(too-many-cubesy t0 s/2 (1- counter))
(too-many-cubes’ t1 s/2 (1- counter))
(too-many-cubes’, t2 s/2 (1- counter))
(too-many-cubes’ t3 s/2 (1- counter))
(too-many-cubes’ t4 s/2 (1- counter))
(too-many-cubes? t5 s/2 (1- counter)))))))
(too-many-cubes’ (list 0 O 0) size n))

(define too-many-cubes
(painter:too-many-cubes *attributex* *sizex *nx))
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REES (X 8b) @ Hilbert iR

(define (painter:hilbert-curve attribute size n)
"Hilbert Mi#l7 7 7 & V& 333D, 1 ¥ & ZREH"
(define (cube’, size)
(painter:cube-center attribute ’(0 0 0) size))
(define (s% p)
(painter:scale (list 0.5 0.5 0.5) p))
(define (r% a i p)
(painter:rotate a (list-ref ’((1 0 0) (0 1 0) (0 0 1)) i) p))
(define (t% v s p)
(painter:translate (scl (/ s 2) v) p))
(define (hilbert-curvey, counter)
(if (<= counter 1)
35 FHREIH L o#b D IR/ O T4 % FLiE
(cube’, size)
iy FHRIPH LAY D ) THRITNETEREZRE
(let ((c (1- counter))
(s (x 2 size (expt 0.5 counter)))
(1 (* (- 1 (expt 0.5 (1- counter))) size)))
(painter:union
5y VUHERESEIL L 2OBOES I TFEE Z Bl L CRE
(th >C1 1 1) size (s% (r% 90 1 (hilbert-curve’ c))))
(t% °C1 1 -1) size (s% (r% 270 1 (hilbert-curve’% c))))
(t% °C 1 -1 1) size (s% (r% 180 0 (r¥% 90 2 (hilbert-curve}
(t% (-1 1 1) size (s% (r% 90 1 (hilbert-curve% c))))
(th >C 1 -1 -1) size (s (r% 180 1 (r% 270 2 (hilbert-curve}
(t% (-1 1 -1) size (s% (r% 270 1 (hilbert-curve% c))))
(t% ’(-1 -1 1) size (s% (r% 90 0 (r% 270 2 (hilbert-curve}
(t%h (-1 -1 -1) size (s% (r% 270 0 (r% 270 1 (hilbert-curve}
i AEBr oM o i et S S SR R L E
(painter:translate (list O s 1) (cube’ s))
(painter:translate (list 0 s (- 1)) (cube¥ s))
(painter:translate (list 1 0 1) (cube’% s))
(painter:translate (list 1 0 (- 1)) (cube% s))
(painter:translate (list 1 (- s) 0) (cube’ s))
(painter:translate (list (- 1) 0 1) (cube’ s))
(painter:translate (list (- 1) 0 (- 1)) (cube’% s))))))
(hilbert-curvey, (1+ n)))

(define hilbert-curve
(painter:hilbert-curve *attribute* *size* *nx))

€))))

c)))))

€))))
c))))
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