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% # 4 € 8 50penGL

= ;8 flglCreateShader4| 2 £ ¢ &xt &

= 8 AlglShaderSource # % & & & & & 5%

m ;8 AAglCompileShader i # & 4HN& € &

» 38 AglCreateProgram4| £ 42 4 st &

= 4 AlglAttachShaderfe £ €. &x & 2 &4 ¥ 571 &

= 4 AlglLinkProgram 4 #4 5%, 4 & THIiTH
5

m 8 AglUseProgram# % <T #4742 & # #0pengGL g
7 o R8I A IR A B

» Aluniformfeattribute (In, out) =& (X #¥)
BB AR A Fok € B9 HE S




ERARA->KXCBEA
" OpenCGle A AN AN FXNaAC EL LM
o FAAREF AP ELNLHET
" uniform# & & #
" attribute (in, out) ¥ & s

o (¢ Al 5 3%
" s T A AR R E KA



2 MS AN

R g ARAEASMEEHRGRIIAKKE
R A TH TN~z 2L MEEM £
o AEBZFiE tlayoutthih, #lde
layout(location = 2) in vec4 a_vec;
o A4 ® BAA4MEZA, @& gglBindAttribLocationt$ ik, #|4e

void gIBindAttribLocation(GLuint program, GLuint index, const GLchar
*name);

® 4o R XAEFR LA AR FE, OpenGLA A & € & F & 3 egattribute fi 3 o

BLIR 5 B M & 5
A EAAEANHBES, #AZAR—REHNENT
s S 1

o A glGetAttriblocation &4 E# EHR T T HWABAE L ACBHRA AL
A (N, TRES—HGF &AW1 L)
glGetProgramResourcelndex/glGetProgramResourceiv %

o i# it glVertexAttribPointer#e glEnableVertexAttribArray % & Al 11 & # 4




EH AT ¥

m %3 (active) BT ¥ é%%ﬁﬁoﬁﬁalﬁ
TR ECENITHAGENGEHE
o L P EMANRIEZAGRIEEZE N

@ ALK, 4R FHOABEFoqg 2L EHEA T
GL MAX_VERTEX_ATTRIBS (16)



layout4#4-144 i

'Tuﬁthm%%éﬁ%@ﬁ?&iéﬁﬁiﬁﬁ
£ (43|, location = attribute index ) , #|4e

layout(location = 2) in vec3 values|[4],
"~ 6E k.

layout(qualifierl, qualifier2 = value, ...) variable definition
" G ARAY, TALEIAEANETGH




2 X9 =2 £ 3

B void glBindAttribLocation(GLuint program,
GLuint 1ndex, const GLchar *name);
o Hx T — ket atHf #4245 2t fprogram ¥+ & # £ Tnamedg & 3| A
index

® JoFnameR AZE EMHETE (gl Ak) , A4 —-A
GL INVALID OPERATION 44 2

4o FnameZ= AT 4 2 i, M % 3| #index#k &
4o FNnameR & 46 &, index4f 2 ¥ & — 7]
index#x {4 [0, GL_ MAX VERTEX_ ATTRIBS-1]
A KHBBE, Hr gt




KBREBLET G &I

B GLint glGetAttribLocation(GLuint program,
const GLchar *name);
o & @ kL —k4kt Y E P42 5 2t kprogram § & & & ¥ Enamed £ 3|
® doFnameR Rprogrami—NEHENREE, RAAZTEMHTE (gl

Fk), &g-l
® joFnameR EH B MHIES, KQiBF—5wiil;, 5E—56eilAH
— 3|t % 3| 4o



RER s A4 GM

n 4 A F L %E: void
glVertexAttribPointer(GLuint index, GLINnt
size, GLenum type, GLboolean normalized,
GLsizel stride, const GLvoid *pointer);

o #4 % 3|iAindexty B H ¥ F g # ik 4z & pointerdfe £ 42 & A,
o 2 HA/% A B Hindex®y i & B M # 4

void glEnableVertexAttribArray(GLuint index)
void glDisableVertexAttribArray(GLuint 1ndex)

o 2 A5, T AgIDrawArrays) 5 £ A B KR T &40 & {4
m EK#RFEE. glVertexAttriblPointer £ 4z
kA% 523 glVertexAttribLPointer £ 4
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# T

B S HERT:
layout(location = 0) 1In vec4 aPosition;
" OpenGL .

Int stride = sizeof(Vertex3D);

GLint loc =
glGetAttribLocation(shaderProgramObject,
"aPosition');

glVertexAttribPointer(loc, 3, GL_FLOAT,
GL_FALSE, stride, BUFFER_OFFSET(0));
glEnableVertexAttribArray(loc);
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uniform# ¥

B uniform¥F T GAALCBRHRARITHNARKERE
o A~ & 3L
e AE. THEK. XKTFHY

m %3 (active) uniform#* §: 4K # Sfod B 222
HECLBRTH LT NIA—HET

o AR MUH EK, fREHGATEIGg 2L —KEETHA ST
GL_MAX_VERTEX_UNIFORM_COMPONENTS (512)
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% Funiform¥ ¥

R ERANERANEES, ﬁ&&i&*ﬁmw
ol & & & 1
e AglGetUniformLocation&#@iE#—H T EHAHZEE
o 4 AglUniform* 4 — g ¥ § 4 & 4

muniform#T ¥ G425 (£3]) T4 tlayoutdl
X4 RA R, #ldie

layout(location = 2) uniform mat4
uModelViewMatrix;

= ;2 %: glUniform*:& Euniform/k  at 4%, 4
R 42 & A G 4 € BEA
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KBR—HEFT G L3I

B GLint glGetUniformLocation(GLuint program,

const GLchar *name);

o &g t—k4tH Y x P44 2t Sprogram F % 3 — B ¥ T nametd £ 3|

® JoFnameR Aprogram#i —MNEH—HFEE, ARG —H T F(xgl FKL),
& @-1

® namefR f R &4, L. /4 K63 o

o xtskihdoti s, finameL A“F[]” s p by BRI A At

o HuFE—NAEHiEEThAnameP A MG KM r“[0]"# K
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& Rl & & Lok

m void glUniform{1234}{1ft}(GLint location, TYPE
values );

m void gluniform{1234}}{1f}v(GLint location,
GLsizelr count, const TYPE *values);

= void glUuniformMatrix{234}fv(GLint location,

GLsizel count, GLboolean transpose, const
GLfloat *values);

m void glUniformMatrix{2x3,3x2,2x4,4x2,3x4 ,4x3}
fv(GLInt location, GLsizer count, GLboolean
transpose, const GLfloat *values);

® X F L4 A4 52t % a{z Alocationty — B % € 914
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BE-HEFGM

® ) X decounts {4 4 & #|uniform# 44 ¢ location4z & F 44 ¢9 count A~
%, X2, location® & # 4 7. T 47

o 45 M A F e9transpose #GL TURE & Fvaluesiz i1 £ 525 2; SN, 4&
7 £ 548 2

o tAFKTHATFHEALUEEE, 4084 L4

® ZLHELH/EGKRN ALY (LA RAY) FoBh & B F 7 ¥ Guniform%
T & dat, 1k 4k

o Fcount>1, HAE BT Z M GuniformE L A K aat, k4
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I P S
uniform float speclntensity;
uniform vec4 specColor;
uniform float t[2];
uniform vec4 colors[3];

17



ol F (%)

® OpenGL ¥ :

GLint locl,loc2,loc3,loc4;
float speclntensity = 0.98;
float sc[4] = {0.8,0.8,0.8,1.0};
float threshold[2] = {0.5,0.25};
float colors[12] = {0.4,0.4,0.8,1.0,
0.2,0.2,0.4,1.0,
0-1,0-1,0-1,1-0},
locl = glGetUniformLocation(p,''speclntensity’);
glUniformlf(locl, specintensity);
loc2 = glGetUniformLocation(p,''specColor™™);
gluniformdfv(loc2, 1, sc);
loc3 = glGetUniformLocation(p,"t");
gluniformlfv(loc3, 2, threshold);
loc4 = glGetUniformLocation(p, ' colors™™);
gluniformdafv(loc4, 3, colors);

18



uniformé) ¥ fo #k 48

B X% S
uniform vec4 specColor;
uniform float t[2];
" OpenGL¥:
GLint locl,loc2,loc3;
float sc[4] = {0.8,0.8,0.8,1.0};
float threshold[2] = {0.5,0.25};
loc2 = glGetUniformLocation(p, ' 'specColor'™);
gluniform4f(loc2, sc|0], sc[l], sc[2], sc[3]);
// gluniformdafv(loc2, 1, sc); /* EME */

loctO = glGetUniformLocation(p, "t[0]");
gluniformlf(loctO, threshold[0]);
loctl = glGetUniformLocation(p, "t[1]");
gluniformlf(loctl, threshold[1l]);

19



%6 85

A ER " fRAGR
® % & e Phong # %
o % ® T 4%k 4
o T %% o U &t
o FALAALE
e Phong# %

2% TROXEGCLETo4 452K TFOLL124,
i & A F Compatibility profile
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uniform float time;
uniform float xs, zs, // frequencies
uniform float h; // height scale
void main()
{
vec4 t = gl _Vertex;
t.y = gl Vertex.y + h*sin(time + xs*gl_Vertex.x)
+ h*sin(time + zs*gl Vertex.z);
gl _Position = gl ModelViewProjectionMatrix*t;

}

attributeZ8 £ Fluniform s 278 T A 25 (0, 22 N H 5k
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Idle sy 14 & #

Glint timeParam;
timeParam = glGetUniformLocation(program, "time");

void 1dle()

{
glUuniformlf(timeParam,
(GLfloat) glutGet(GLUT_ELAPSED TIME));
glutPostRedisplay();
}
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#t £ (morphing) & &

T ~NWRFRATHRE 3~ N

" B AN NAGR ST —— R £ 4

" fEFCREERE - NIAEREABERR G
£

N

AL
: VA

(a) (d)
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B AT A idgl Vertex#t X, tERSARLEHRE
FH~

attribute vec4 vertices?;
uniform float time;

void main()

{
float s = 0.5*(1.0+sin(0.001*time));
vecd t = mix(gl _Vertex, vertices2, s);
gl _Position = gl ModelViewProjectionMatrix*t;
gl_FrontColor = gl_Color;
by

mix(x, y, a) Iz [Hlx * (1.0-a) +y * a
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OpenGL# A4

GLInt vertices2Param;

vertices2Param = glGetAttribLocation(program,
"'vertices2");

#define N 50
GLfloat vertices one[N][3], vertices two[N][3];
glBegin(GL_TRIANGLES) ;
for (int 1 = 0; 1 < Nj 1++)
{
glVertexAttrib3fv(vertices2Param,
vertices _two|i]);
glVertex3fv(vertices onelil]);

}
glEnd();

25



# F (particle) 4 %

R h T4 EARA, ﬂﬁi%ﬁi&%ﬂ%#%#
# 4T Q&S
® G—atiRlY, EAFENETFHAEZ~NF4EE
n ALt H e GRE, REAM, DELEEH
(x09y0920)7 1.7]% E&ﬁ(vxavysvz)7 iﬂt’iig\ﬁgr ﬂ!l
Atz gz E 4
X(t) =%y + v, t,
yi) =y + v, t+gt/(2m),
zZ(t) =z, + v, t.
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mesA e84

attribute vec3 vel; //#u# % &
untform float g, m, t;
void main()

{
vec3 object pos;
object pos.x = gl Vertex.x + vel.x * t;
object pos.y = gl Vertex.y + vel.y * t + g/Z/7(2.0*m)*t*t;
object pos.z = gl Vertex.z + vel.z * t;
gl _Position = gl ModelViewProjectionMatrix *
vec4(object _pos,1);
}

27



AL £ &AL

18 X K fe k@1 6§ X Rfe-xt &R A A 3 €,
REMLIeF O R Alext EibhERA LE

const vec4 yellow = vec4(1.0, 1.0, 0.0, 1.0);

const vec4 red = vec4(1.0, 0.0, 0.0, 1.0);
const vec4 black = vec4(0.0, 0.0, 0.0, 1.0);

1f(dot(L, N) > 0.5) gl FrontColor = yellow;
else gl _FrontColor = red;

1f(abs(dot(E, N)) < 0.1) glFrontColor = black;
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Phong %, & & &

=Ky 1y |-n +K I (r-v)e+k, I,
=Ky 1y |-n +Kk I (n-h)P+Kk,I
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A Funiform#¥ ¥

struct gl LightSourceParameters

1

vecd ambient; // Acli

vecd diffuse; // Dcli

vec4 specular; // Scli

vec4 position; // Ppli

vec4d halfVector; // Derived: Hi

vec3 spotDirection; // Sdli

float spotExponent; // Srli

float spotCutoff; // Crlr // (range: [0.0,90.0], 180.0)

float spotCosCutoff; // Derived: cos(Crlir) // (range:
[1.0,0.0],-1.0)

Ffloat constantAttenuation; // KO
float linearAttenuation; // K1
float quadraticAttenuation; // K2
}
uniform gl _LightSourceParameters
gl _LightSource[gl MaxLights];
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A Funiform#¥ ¥

struct gl LightModelParameters

{
vec4d ambient; // Acs
};
uniform gl _LightModelParameters gl _LightModel;

struct gl MaterialParameters
{
vec4 emission; // Ecm
vec4 ambient; // Acm
vec4 diffuse; // Dcm
vec4 specular; // Scm
float shininess; // Srm
};
uniform gl _MaterialParameters gl _FrontMaterial;
uniform gl _MaterialParameters gl BackMaterial;
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Phong #, %

= % &4 Egl LightSource[i].positioni M & 445 4 P4 &
" MEARELELGR L

" N: R4 4 FhEaf

"L ALLBFTAFTHRENARGE (AL)

"E: RE4BG4&¢THMEFNEGTE (AL)

" R: AL BREATHREREHOT

" H: A4k 4Pl TiaF
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% # ¢gPhongm &4 € &

void main(void)
/*modified Phong vertex shader (without distance term)*/

{

gl _Position = gl ModelViewProjectionMatrix *
gl Vertex;

vec4 ambient, diffuse, specular;

vec4d
vec4d
vec3
vec3
vec3
vec3

eyePosition = gl ModelViewMatrix * gl Vertex;
eyenghtPos = gl _LightSource[O].position;

N

= normalize(gl NormalMatrix * gl Normal);

L = normalize(eyeLightPos.xyz - eyePosition.xyz);
E =
H

-normal1ze(eyePosition.xyz);
normalize(L + E);
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% # ¢gPhongm &4 € &

/*compute diffuse, ambient, and specular contributions*/
float f = 1.0;
float Kd max(dot(L, N), 0.0);

float Ks pow(max(dot(N, H), 0.0),
gl _FrontMaterial .shininess);

i (dot(L,N) < 0.0) f =0.0;

ambient = gl _FrontLightProduct[O].ambient;
diffuse Kd*gl FrontLightProduct|[O].diffuse;
specular = t*Ks*gl FrontLightProduct[0].specular;

gl_FrontColor = ambient + diffuse + specular;

34



£ F 1 B Phong £ 8

 F fvarying¥ T G AT LA B4 &P 4 d‘ﬁ%@
B 3
o 61N
o X6l
o ML &gk
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EAFREABARSIAECR

varying vec3 N, L, E;

void main()

{
gl _Position = gl ModelViewProjectionMatrix *
gl Vertex;
vec4 eyePosition = gl ModelViewMatrix * gl Vertex;
vec4 eyeLightPos = gl LightSource[0O].position;
N = normalize(gl _NormalMatrix * gl _Normal);
L = normalize(eyeLightPos.xyz - eyePosition.xyz);
E = -normalize(eyePosition.xyz);
}
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& st Phong# B B € &

varying vec3 N;
varying vec3 L;
varying vec3 E;

void main()
{
vec3 Normal = normalize(N);
vec3 Light = normalize(lL);
vec3 Eye = normalize(E);
vec3 Half = normalize(Eye + Light);
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& #Phong B r B L& &

float ¥ = 1.0;
float Kd = max(dot(Normal, Light), 0.0);

float Ks = pow(max(dot(Half, Normal), 0.0),
gl _FrontMaterial .shininess);

vec4 diffuse = Kd * gl FrontLightProduct[O].diffuse;
IT (dot(Normal, Light) < 0.0) f = 0.0;

vec4 specular = £ * Ks *
gl_FrontLightProduct|[O].specular;

vec4 ambient = gl FrontLightProduct[O].ambient;

gl_FragColor = ambient + diffuse + specular;
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#4 & (Samplers)

n Rt E a6

Bz TL2, Fe3% K EUA2FTAUEBAGEHR
" AAKERT:

uniform sampler2D myTexture;

vec2 texcoord;
vec4 texcolor = texture2D(mytexture, texcoord);

" A AEA P
texMapLocation = glGetuUniformLocation(myProg, “myTexture’);

glUniformli(texMapLocation, 0);
/* assigns to texture unit 0 */
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" A R2DSE | A 2 5 B S
" OpenGLE # 2z 7 4% B

NONE R EX A FEL:-F ¥ XL

vec4 texColor = textureCube(mycube, texcoord);

m iz SR R3DY
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CEX- S-S EEN'T

R ETAERLEE Pt Aok, é%&iﬁ#ﬁ

R, #R4E4THARATHE44: 4
o st BEAkai izt i Lzt Pl
o feig Al 46 ik AuniformE A E 4L £ &

" L TATFARMA R HUA (444 41K)
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A rELAER

varying vec3 R;
uniform samplerCube texMap;

void main(void)

1
gl_FragColor = textureCube(texMap, R);

}
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Thanks for your attention

Lg®
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