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tH, -z

C}.
15| M=5t2} (53)
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WorldOf| A
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2x2x2 YLK 2| viewing volume
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Display callback
callbackO| CHA|
2510 =9

3) OpenGLO|A 7|2 7tH[2l(default camera)0i| CH35tO
glutRedisplay()

4) glutDisplayFunc()2} glutRedisplay()
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A
3} o o1&

o

o

5) Modern OpenGL HIEHY S 57| fI6 AF&Sl= Vertex Array Object (VAO), Vertex
Buffer Object (VBO), Index Buffer Object (IBO)O| F21QIX| ZtEts IJ'“E1 otz (58)

VAO (Vertex Array Object) — 25 HH™XIE(F, position, color, ..)& StLIEZ FOF. £
& OfLte| Mesh (&, 7|SHAA)OLCL SHLEC| VAOE AR &, © *P 9] VAOQHO| &= S}t
= o2 7Sl vBOZt EXHE.

VBO (Vertex Buffer Object) - J™XIZ(F, position, color, normal, §&)2| HIO|HE X
Hot= o22| B, Ed%%t AIEE GPUO| EUE =+ /US.

IBO (Index Buffer Object) - QNHAXIZ(Z, EH| index) HIO|EE X &dt= HI
2. CI22 2x1 379 H P(x, y)& XM Lo }ll*}GI BFAl(reflection)E & P'(x, y)oll CHst

L
2K offEl tHEt W™ (3x3 matrix)0f| &gt EA[0|Ct. ofzfe| S0 S E Z 5JH & 25
)

2) 25t 37o ele|l M p2 EM Lol CHSHO| HEALSHAM H p'oE HEHA|F|= OFE
g dHE M (3x3)2 fEolEt
X =y+2 0O 1 2
y =x-2
M={1 0 -2
0O 0 1
3) ¥l(2.2)e] o}l M= WH MZ GLM translate(0 | rotate(2] ™), scale(27]) 52| 7|
= He WHEO FZo= ’51’“'51 mEHsleL. WP FZo| M0 Fo|g . ofg=

GLM translate, rotate, scale H%t &:9| *l‘%ﬂg Ho{=C}

glm::mat4 M1 = glm::translate(glm::mat4(1), gim::vec3(dx, dy, dz));
glm::mat4 M2 = glm::rotate(glm::mat4(1), gim::radian(angle), glm::vec3(ax, ay, az));
glm::mat4 M3 = glm::scale(glm::mat4(1), glm::vec3(sx, sy, sz));

glm:: mat4§qu— glm::rotate(gim::mat4(1), glm::radian(-45), glm::vec3(0, 0, 1)); // z-
= -45%

g—l'm ‘mat4 S = glm::scale(gim::mat4(1), glm::vec3(1, -1, 1)); // x-= HFA} i
glm:: mﬂatég R2 = glm::rotate(glm::mat4(1), gim: radlan(45) glm::vec3(0, O, 1)); // z-=
45% 3] %

glm::mat4 T = glm::translate(glm::mat4(1), gim::vec3(2, -2, 0)); // °]=

gm:mat4M =T*R2*S * R1

2/6




daden S4ARHTFL ARY 2RP2 AT (201649 7HE]) 20169 128 1690 FLY
a3} 3l o)g

oH 24
3y Yo

ud

g AMSO (2202 Z8S FTHCL 3x3 OHE Hg

f1(2.3)2 #ES i = 9|
YHS A A
1 0 2 |cosd4s —-sind5 0|1 O O} cos45 sind5 O
M=|0 1 =2 sind5 cos45 0|0 -1 Of-sind5 cos45 0

00 1| O O 140 0 1| O 0 1

[cos45 -sind5 2 [cos45 sind5 0
cos45 -2 sind5 —-cos45 0
0 o 1] o 0

[cos45c0os45-sin45sin45 cos45sin45+sind45cos45 2
=|sin45cos45+ cos45sin45 sin45sin45-cos45cos45 -2
0 0 1

[l
@,
5
N~
ol

(2.1
(2.3t &2 gto

0 1 2737 [2
P=MxP =10 —2]0|=|1
00 1[1] |1
01 274] [
P=M*P =1 0 -2|0|=|2
00 11| |1

3. Ct22 34 ZZtolM Q|9 = (arbitrary axis) (1, 1, 0)0| CHEF 45= Zt: 3|H
Rotation VectorE A4tst= 3Pdo|ct, ot2je] 2o slat (24 3™ £ 18H)

1) ¥2l9l % a(1, 1,0 Bzt 25 Folet

g:(;;p}
2 42

3/6




S n SEHFH TS HFYH 2P L 7IE AL (2016 7HE7)) 2016\ 129 169 § 84
Start ?‘i}ﬂd o] &

2) o ™A™ X(@3, 3, -1)Zte| 2|F(cross product) wS H|AHsaL.

W=3xX= [ﬁ,%,@}(&&q): L—%%o)

3) dH X3, 3, -1)0] z0f Y HE X, & ALtsiEt.

X, =(§-x)§=3\@[i,i,0j

I
o
o
-

N

4) 8™ X@3, 3, -1)0] a0 =3 HE X, £ Aotet

X =x—-(3ex)a=(33-1-(330)=(00-1

5) HWE| X, 7l g0l 45= 3|™s HIE R(X,)E AHLsIa}
R(x,)=coséx, +sin 9
1 1 1 1
=—(0,0-1+ 0)
\2 \/2 \/2 \/2
1 11
= 0,0,__ __9_90
( 2)+( 55 )

.|.

6) A X(@3, 3, -1)0] 29| = a of 45 3|H™st HWIE] R(X)E AlLHStEL.

R(x)=Rx)+Alx,)
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o5

4. GL_LINES, GL_LINE_STRIP, GL_TRIANGLES, GL TRIANGLE_STRIPZ Al2%5}0{, CIS =HS
wireframe/fill 12|7| ¢t HH 2|AECEH™ QAHA AMR)E Hoj2l (4 3™ & 12H)

8 6

4 2

0

O\|O

ON\ON\O|I\O

O\|O

9 7 S 3 1
GL_LINES | GL_LINE_STRIP | GL_TRIANGLES | GL_TRIANGLE_STRIP

12 1 012 0
23 2 123 1
34 3 234 2
45 4 345 3
56 S 456 4
67 6 567 5
78 7 678 6
89 8 789 7
97 9 8
75 7 9
53 5
31 3
10 1
02 0
24 2
46 4
68 6

8
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4. DDA(Digital Differential Analyzer)2} Bresenham 2112|152 0|83|AM H (1,5) £E H

9. 7)Mx| Mg ag=.l, P& ot HO| A2XOF Sl= x, yZt&ES| ZE Folat (52 Al ES
BIEAl BEAIR A). £ Ea2F Zte| Xo|FS ztthe| 4Fsta (24 3™ F 12%)
dx=9-1=8dy=7-5=2

DDA €12|F

e

® |[nitialization
B m= Ay/Ax, m=2/8 =0.25
® Stepwise process
B oy+=m
Bresenham ¥ 1EZ|E
® |[nitialization
B Dy=2Ay—- A, Dyg=2*2-7=-4
® Stepwise process
B [fD <0, D +=2Ay

B else, D += 2Ay - 2Ax; y++;

DDA Bresenham
X Y Y
1 5 5 (D=-4)
2 5 (5.25) 5 (D=)
3 6 (5.5)
4
5
6
7
8
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