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T E3 o]Fojx|1 ‘31‘4 Slavkovsky, 20125 Aboufadel-Krawczyk-Bennett, 2013). ©]¢} #+#slo], 23 Y=
Fot 59, e, 15 A5 59 oY Fok A diE =osta AES HAsHE BEA2s A~
(Bridges Conference)?} Aol g A 722 gt E3) oW 83+ =9 Oberwolfach 8T
29} g 7R AT ANIMS)7F F5 o2 T35l Imaginary-ICM AA3] 9} 87 3D ZHEE 283
3 AFES OA AAE
%L(Llpson 2007)° }\]E'Eﬂ oldS o] get AZtgl g5t sl AT 3D ZHH V1eS @A o
3 Aol Adelslel &3} 45T Bt olye} sAelE ANMsta A

g AT g A Sk AR I wsHAE

ut>o] ggels ZRAEES WPstn o 20139 1099 o
7+3ked, STEM(Science, Technology, Engineering, Mathematics)e] ¢J2] EoFsS ‘?‘i@oﬂ—er 18 & 3D
g 7&s Zgde wWebs ZxsItHUK-DIE, 2013). T3 < w2318t wAbe 3] (National Science
Teachers Association : NSTA)o A ZAFE o] W2 =& 52 & ygle] 22 sudyx 3D Zdy
714S &83te] STEM o o<(Arts)S EA7]= AIRE st glom w=r v yoldjsty
(University of Virginia : UVA)IIAME 201058 w]= NSF(National Science Foundation)®] A0S o}
STEM Z&d Agsl 7158 2% Ads 7149 3D Zdg A7 2 AZE Ho gassde. Fudas
20129 WA R Bue (et g ek oA AFE vle} o] AluEy} AoHg J)9E &
Suss Zxsta gtk ofel Wk whgt 20149 AAl A ICM 2014)7F oA e A AR
Azypetel n&RI FEOR 01498 et R AFEsta “freke] AWMEAL
% Aol

9 o Pk gohie SA AR o] A ST A2 b A s oA
B FanGd 4 T T 289 Wil 4 At 392 18 F A DA Aaye)
FHA, £ 3D TAY 716S BESHE Yokt 7 o] Bjd el Bayel 44 Fhsn k.

2. 734 A4S 28 7158 F5 3D ZUR =7 AL

Tl giA g2 71eketA ofajet FAlell o]Fold w] AEe Juixde] HE F$7F wrHHYAM-of
AT RAE, 2007). GAARD AZel A BH, 1] g2 ME £ dS diFel A olsiA7IEE ol U
T.5 507 wEod mygs A]"Q‘O}%MTZ gz & 4zl Apdelrt. a2 o Egote] 3HroPadua) A
oA AR 7] 500 o] Aol gHEeIx 14’301‘3421]9] a3k dolth(Fd e 9 <, 2010). 0|9} Zol,
T4 Jlide] whdE B A2 SHARE tFo gH F8F FI3H A F9 shtolth AlAH
(Segerman, 2012)& 139 E4& 7Y /\?O]L 7189 23S Al Wi de 2 3D ZdHS o
GorA 3 hde] widd tgd RYS FEH o spE o)Al By RS wEol ¥ 4 gltkal
SHoith ol ek 3D ZAURS 83 AlmE wgAte} At A o] wEdt FAALS B3 B4 oy AlE
Hol g o] &3 A2t o|g) 5 o, 7|E9 1 oWl =PRULE GAEYL B thokdt RS AAR JT 4
Ade 718E FA "k =gt 1? 20129 ‘A& ThEds 39)7]E (Elson Famil s initiative
Fund)D9] A& wo} vl nAE8hs Fsle AYAES dios 15 1Y 334 3 RYPES 3D
ZAUYsE ZZAEE 1838 v 9 oh(Knill & Slavkovsky, 2013). 3tA % P =digtuEs ¥ 3ste] 7]E F
g2 RS AAste ARES U vi2vfE]7HMathematica) T+ Wo]| & (Maple) ¥ 22 179] 44 A

D The Faculty of Arts and Sciences, Harvard University : http://artsandhumanities.fas.harvard.edu
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solid name

facet normal n; n; ny

outer loop
vertex vl, vl vl,

x
vertex v2, v2, v2,
vertex v3, v3, v3,

endloop
endfacet

endsolid name

<ASCIl STL &4l>

dhtel STL 99 A& wwle) HGd o588 FE ‘solid WHAR A#ste] ‘endsolid WHAR o] &
o} 71 Abo]of ‘facet’ =2 A|A3lo] ‘endfacet’ &2 BUE FEE A&5H A4 (Triangle)d FEE Al33ke] 3
24 AAE YA facet” o] WHOE AHARY, 0, n; n= T 254 AAE AL F A F
ogM Y NESY ¢ AUEE Wt} A FAEA e ‘HE 2FH 4(Floating Point Number)3E ¢
WahaL, vl, vl, vl AEE olF7] 13 shiel 339 3ol H(Vertex)] A AR T

SEEATD Y % 719 299 GFAAAE AN <2 DF T2 37 Suge Math
9 Apueta /)R AES 492 vH geoltaay - 4E A - Y - o4, 2000). Al AHETFEE A

W ¢} ID, Passwords ot ¢} 2t}

b

*+ Sage cell sever : http://sage.skkuedu 2 http://mathlab.knou.ac.kr:8080/
* Sage sever : http://sagenb.skkuedu 2 http//%ageknou ackr/ (919 AA 2 45 HH 71%)

' IAV.\} IS Sage == k
\ e,
’L Sage-Math: Mathematical C tation Softs o
{S \!g age-Ma athematical Computation Software : }" o

i) H . v| Aol v [pyion ] O Typeset

SKKU Sage Notebook cioe
HATED 23004 2SS0 Sage Notebook AHH0| ZEH ZHH ZAELCH
http://sagenb.skku.edu

o

Sage Notebook v5.11

NECPE| Mag 220

(tzedliction) ArgRiolE

St A YA (Meee/Ee) 2E

(Quick Reference - Korean) R I

SKKU Sage Cell Server [z39] et sysm"
hitp://sage.skku.edu Sage ALASIOI J19H51)

A SONE ¥
NE =g gs GEE Jowasg |
First edition Zﬂl 10.01/ Machine - PC-Server (Intel [7 4770) Laika

BITYSIR %813} (hitp//wiz skku edu/mathy) o

2 sglee@sku sy fby el i
3 - sglee@skiucdy :

3

HELICE ZATLO.

<3g 1> MFzoietn Sage-Math AMH{ (hitp://sagenb.skku.edu)

3) http://en.wikipedia.org/wiki/Floating_point_number
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Sage-MathE ©]£3}7] 84 Sage’l &73ts § X0 43 & +& ZEF(Google Chrome) T+ 3}
o]o] £~ (Firefox) 9] AH&-S A%gr)

WA 3D ZHUES 317] s E T Ho] e Sage FE9 F28H4 7H§% g8t $19F 2ol 3D AA
5ol ST f(a,y,2) = 2" +y' P+ -2 & SageE olgdle] 334 AMR F
0 9w, 3 W] Zol7k 24/2°9 % %Dﬂx%(Cube) <aY 28 4L 4 duk

X, y, z = var('x, y, z') # e A

f(x, y, z) = x100 + y*100 + 2*100 - 2 # 4 A9

a = implicit_plot3d( f(x, v, z) == 0, (x, -2, 2), (y, -2, 2), (z, -2, 2)) # 3D A A4
show (a) # 3D A Ko|7|

< SageZ o] &3 3D AA mdg | >
ol SagedllA 32+ AAE 1E]7] A AFEEHE IMOLYS STLY #d Aoz M dA&H=
2o 3 AAE x@drh wepr] IMOLE o&ste] a2A & 32k AA|9] 4RE STL P4 o= ¥E
e dneFS TG Sagedld STL B4 #dg &g & itk

W7y

et

def surface_to_stl(surface): # stl exporting code
out = "solid mathsurface\n”
for i in surface.face_list():
n = G[IATsR2I21-211 1010021, i2121101-[11[01=[2][2], il1I[0][2][1]-i[2][0]+[11[1])
abs = (n[0]"2+n[1]"2+n[2]"2)"0.5
n= (n[0)/abs,n[1]/abs,n[2]/abs)
out += " facet normal " + repr(n[0]) + " " + repr(n(ll)  + " " + repr(n[2])

out += " outer loop\n”

out +=" vertex " + repr(i[0I[0]) + " " + repr(GIOI[1]) + " " + reprG[OI[2]) + "\n"
out +=" vertex " + repr([11[0]) + " " + reprG[1I[1]) + " " + reprG[1I[2]) + "\n"
out +=" vertex " + repr(i[2][0]) + " " + reprGI2][1]) + " " + reprG[21[2]) + "\n"
out += " endloop\n”

out += " endfacet\n”
out += "endsolid mathsurface\n”
return out

< STL Exporting Code >
npA ko 2 wigtel STL Feje Jd2 YRR L, file name' s FY3to] T2 o]Fo= A & L
= AAH,
f=open("file_name.stl”,w’) # BloJd+= STL 2o 9IS AA
fwrite(surface_to_stl(a)) # file_name.stl 4ol STL &4¢] 3D AAS 44
fclose() # 4alg]& 8

oZ,

< STL %4 A4 Code >

4 J-2 AE: http//www.google.com/chrome, 3}0]0]Z 2 http://www.mozilla.or.kr/ko/
5 An open-source Java viewer for chemical structures in 3D: http://jmol.sourceforge.net
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AN
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rlo

col 4 7

AAE 3D BY:  file_name.stl

<2 2> 100 44100 4 100 —9 <12l 3> M=HA (Cube)

o STL 391% 3D ZAHZ Se3b W ASAA <19 P AL 5 Ak g YA ow FA
ofoltiol 71¥Al Sage =S WEOlA 9 wEE BEdte] B zzaed glo) 3D AAE Hlsn

STL #d& el 3D Zdg & 4 glrh

3. %t a3 3D U

f, = cosucosv

f, = cosusinv
~ sinu ’

fz - \/5

« @3 : http://matrix.skku.ac.kr/3d-print/htmls/Ellipsoid.html

© <a¥ 4> 9 <2y 5> FolRl $39] Sage 3D 1 xe) 3D ZHHE EA

FA P+ +27 =1 (R e

X, y, z = var('x, y, z') # W Ao

f(xy,z) = X2 +y2 + 2:22 - 1 # 2 Ao

a = implicit_plot3d( f(x,y,z) == 0, (x, -1, 1), (y, -1, 1), (z, -1, 1), color="red’) # 3D A 44
show (a) # 3D A Hol|7]

< e

dlo
il

o] &% 3D A xde >
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u, v = var('u, v') # W A

f x = Ixcos(W+*cos(v); f_y = Ixcos(w*sin(v); f z = (1/sqrt(2))*sin(u)
a = parametric_plot3d( [f x, f_y, f zI, (u, 0, 2#pi), (v, 0, 2#pi), color="red’)
show (a) # 3D A Ho]7]

4]
3D A A7

g

< OlS WANS o8 3D A4 >

<l

5> Et2I™ (Ellipsoid)

<d2 4> 2+ 2+ 222 =1
187 AA @ 3D AA<IY £HE STLRE ¥d AAFE g1g3
ek a2ga 4L STLYYS 3D ZUHZ Fste] g9 <
4 (Quadratic Surface)
285E o]x8A(Quadratic Form)& o)z} thaa oz Aolg 4
Elo} Fdz F3)

)

x Qx'+Px'+R=0
x=lz,y, 2] B, | AFAL 35 27 &3
Q. P 1eln Re| %ol ueh thod o3
o|x}g A 08 RHWM, Sage 193] STL

|

[z y 2]

o Fh2~
.__6’]-_[_
.
=

[e]
=

=
A5g o 2

a 00
0 a0
000

77}

o AG Aol et Aol

Q

i P=
100]][
010]||y
00O0]L=
* @3 http://matrix.skku.ac.kr/3d-print/3D-102-Paraboloid.htm

<a¥ 6> ¢ <28 7> Folxl 01218 A1) Sage 3D L#fZ 9} 3D

+lz y 2]

TUYE 4

18EE Sagedl F7F 9
a% 5>

s
2 29,
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var('x, y, z') # WHE A

Q=matrix(QQ,[[1,0,01,[0,1,01,[0,0,01]) ; P=matrix(1,3,(0,0,-1]) ; R=0 # 94 2 g A4y
al=matrix(1,3[x, v, z]) ; q=al*Qx(transpose(al))+P(transpose(al))*R # (x, vy, 2), o|x-&82] 34
a=implicit_plot3d(q[0][0]==0, (x,-10, 10), (y,-10, 10), (z-10, 10), smooth=true) # 3D Z2ABA
print (Q) ; print (P) ; print (R) ; show (q[0][0]==0) ; show (a) # 3™, MEl, 3D A Hol7
() # STL exporting code

f=open("Quadratic_Surface.stl”,'w’) ; f.write(surface_to_stl(a)) ; f.close() # STL st A4 code

< SageZ o] &3 3D A4 =l 2>

100 100

<32 6> 2 +y¥—2=0 <28 7> ZEH (Paraboloid)

=
Il
v 2
(e}
I
g
<
A
[\
3

in (u)*+ cos(v)* ,

* 3 http//matrix.skku.ac.kr/3d-print/htmls/Egg_carton.html
© <3 8> 9 <a¥ 10> 1 FoR A Es WA 9] Sage 3D 2=} 3D THE ¥ 2]

L=

u, v = var('y, v') # Mg Ao

fx=v, fy=u fz = sin(u)4+cos(v)™4 # 2 A9

a = parametric_plot3d( [f x, fy, f z], (4, 0, 2#pi), (v, 0, 2#pi), color="beige’) # 3D A XA
show (a) # 3D 2] Kol7|

< SageE o] 83 3D AA 2dg 4>
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<3 8> (u,v,sin (u)*+ cos(v)?) <22l 9> A gtE (Egg Carton)

(i

<E 1> 209 9 zag @ 27 34
7 A B 8 Aw

. . http://matrix.skku.ac.kr/3d-print/
Hu$-2 o (cosu(3+wcosu), sinu(3+wvcosu), vsinu) tpi//matrix.skku.ac b

htmls/Mobius_strip.html
A4 B8 | (4y/—0*+1 sinful" cosu, 4V —v* +1 sinful* sinu, v) http://mitti);:/lil;icﬁzfdipﬁm/
2233 ((sinv+2)cosu,(sinv+2)sinu,u+cosv) http://matrix skiu.ac.kr/3d-print/

htmls/Spring html
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4.3D ZIH & A Y(Web) =7
5320/ [English
A2 Sage 3D +st2d Y ] E8

SKKU Sage 3D Math and Its Applications : 3D-Printing with Sage for Linear Algebra and Calculus

S&t==(mplicit Function)

oK &F=(Parametric Function)
3D SEHZED|

3D 2EHAD

S Matrix Transformation  3D-Stamp
s 3D 2EHZD| SZ a8l

@D
Il

e *

=

e
(‘MeshLab® CHRZS)

Fo ALY

g
&

ol Betamo| =8 2
34| SOEENDLIERS = QL

O 22 WSSE oflio 45 30
SR

hitp://matrix, skku ac. ki/cal-lab/Math~
CAS htm
("Math and A" &3)

Conpyright @ 2018 SKKL Matrix Lab, Made by Prof. Sang-Gu Lee wilh Jag-Yoon Lee and Yeang-Jun Lim

<% 10> hitp://matrix.skku.ac.kr/3d-print/sage-stl.htm

2 AFE JAgsHA iwd 3D 8 2ot 2y 9 S8 8-S Rof Fulxdt §] B <aY 1002 A
a5tk ¢ B8 B9 3D ZaEe] gd 2ud Ays AP 9 Sage® ol4F STLHUS) %9 A7
o et ARE A5 F Arh L3 ST, v oo e 8F o]} ofolrjolE w2 3D REH
S ANEIE F dE 78 ATt 1, giEol 3D AAe dldste STL 3¥ S A4S F J&s AFstn
Slek. o] w7 98 Bd FhE0] ov) GEel QBT Adse] ok ry AF glo] FRE Aol
7Fs sttt

flz,y,2) = 1 & b Oobwy Presz Tad==0
a i )
b 8 -1
c . 1
d — -1
Canvas Size == 5
Click |

<3 11> STL uf MM & =7 (Set=)

=

B 9 £ FUA. S8FE Ba STL U2 APEE 9 BT <ad 11>S Avnd £4 98
MEE 24T 5 Qi 2aBH 5L AFHION, oF Fa A4St BW zzadd dolE WA @
2 3D AAE BT STL 39S 44T 5 9o, A $34 ojeltlols xdF BAZ 3D Y
2 AR 5 o
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222 —y? 422 _1-0

5.0 5.0

e
Irplicit st [Updated Otime(s)]

<32l 12> &3 st 9 STL T <ag 13> £ (Cone)

& AT g W 3 Aol ALEZF e R b o] ZtRolop & A4 9 53} ojd
=l o A WA SAo] glvh 20144 69 18 ti@Nl= v

A EdA e A8 3DZAYAY EHH s E A, 3DEﬂE1—‘“= Hop el #ola il
= o] wlolA(Makers) 1319 GAAE, A x84 ﬂEi TEEAN S A LA, 74]3-"4%01] E}
b W 5

—1N

K ox o Q ol 1(1.! B A

Ab 5H100%, YA 7TH600W) FAdE wE7|Holu A Y ol AT oA OIE‘r(ROK, MSIP

MOTIE, 2014). ¥ <159 FA4Q1 ths 542 $8h& AFs <lge] 3DEZAHE Hr}p Fo|Holu FAIH

2 28838 § ole dY T o]58 wsE A /M HEsitie AS e T Aotk o] BH& W

st7] fJsto] ghmo] WA A Ao A|MF “Sage’dhe SEAS AZE O] AME  F531Y, 1F< 3D
1 =)

2

Ad 22 sk 9 =7 )
2 il Feks HlE S0l Am
PAgAte] d57h 3DZAE #A S

Ao " STL =W 7US Sages
ol Sl dud A9 L

£ ATl AR S 4D el e 4UE TdelE ASE Al BA9E
AAT & QES ALEYY Z21de FYT B8 glol FA0INE Bl Westel A Bl FopuA
G FRE ASE 5 e B ohe vARe) AGusal ot £A4E QAL sague 24
B4 3D YL YT ¢ YES Atk o|eF o BT vFo ¥ W ¥ AT AP BT, S
Z2add Qo JMes s 4Ys B A AREL AAshe Fa% nde] 9 & vty v
o A7E Fa AEIL A 3D ZAY BYL AT, ol F vigow el e FeHy A

6 AF-HEAE 20149 69 184, http://www.etnews.com/20140618000272
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Recently, the widespread usage of 3D-Printing has grown rapidly in popularity and development of a high level
technology for 3D-Printing has become more necessary. Given these circumstances, effectively using mathematical
knowledge is required. So, we have developed free web tools for 3D-Printing with Sage, for mathematical 3D
modeling and have utilized them in college education, and everybody may access and utilize online anywhere at any
time. In this paper, we introduce the development of our innovative 3D-Printing environment based on Calculus, Linear
Algebra, which form the basis for mathematical modeling, and various 3D objects representing mathematical concept.
By this process, our tools show the potential of solving real world problems using what students learn in university

mathematics courses.
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