) Chuong 4
Mot so cong cu hiru dung ciia OpenGL

1. Cic mang dinh (Vertex Arrays)

Ta da hoc trong chuong 2 cho phép vé cac d6i tugng hinh hoc co ban nhu diém, duong
va da giac thong qua viée goi cac thu tuc co san. Néu nhu cac d6i tugng ve it thi s€ khong c6
van d& gi nhung gia sir ta can v& mot da giac c6 20 dinh khi dé ta can t6i 1oi goi 22 thu tyc:
Mot 1an goi glBegin(), 20 1an goi thu tuc glVertex*() cho 20 dinh va mot lan goi thu tuc
glEnd(). RG rang 1a chuong trinh tré nén cong kénh.

Mot van dé nira 1a vin dé xtr 1i du thira toa d6 cac dinh chung cua cac da giac lién ké.
Xét mot vi du, gid su ta phai v€ mot hinh hdp chir nhat khi biét toa do cac dinh. Khi do ta phai
v& timg mit cta hinh hop thong qua cac dinh ctia nd, vay mdi dinh cta hinh hdp duoc goi ba
1an va tong s6 thu tuc glVertex*() 1a 24 1an goi trong khi d6 ta chi can 8 lan goi 1a du.

Pé khic phuc nhuoc diém d6 OpenGL cho phép sir dung vertex array luu trit cac gia tri
(nhu toa do cac diém, toa d6 cac véc to phép, cac thong sb trong ché d6 mau RGB,....) va mot
s6 cac thu tuc truy cap so liéu tir vertex array.

Viéc sir dung vertex array cho phép giam bét viée goi cac thu tuc cling nhu gidm bot su
du thira khi xir li cac diém chung do do cai thién tdc d6 thuc hién cua chuong trinh img dung.

C6 ba budc chinh dé sir dung vertex array biéu dién cac d6i tuong hinh anh:

- Kich hoat cac mang, mang luu trir cac gid tri thuoc mot trong s6 tam kiéu dir liéu sau:
Toa dd cac dinh (vertex coordinate), cac véc to phap cia mat (surface normal), mau RGBA
(RGBA colors), mau thur sinh (secondary colors), chi muc mau (colors indices), toa do tao
suong mu (fog coordinate), toa d§ texture (texture coordinate), cd hi€u cac canh cua da giac
(polygon edge flags).

- Chi dinh dir liéu ciia mang

- V& cac ddi twong hinh hoc vé6i dit liéu dé co trong mang: Ta co thé truy cip dén timg
phan tir, mot phan ciing nhu 1an lugt tat ca cac phan tir ciia mang.

Ta s& xét cac thu tuc cho phép thuc hién ting budc ké trén
Budc 1: Kich hoat mang

glEnableClientState(GLenum array)

Tham sb array xac dinh kiéu mang can kich hoat c6 thé nhan mot trong s6 cac hﬁng sau:
GL_VERTEX ARRAY, GL COLOR_ARRAY, GL SECONDARY COLOR ARRAY,
GL INDEX ARRAY, GL NORMAL ARRAY, GL FOG COORDINATE ARRAY,
GL_TEXTURE COORD_ARRAY, va GL EDGE FLAG_ARRAY

Vi du ta mudn kich hoat mang cac toa d va mang cac véc to phap ciia mot mat cong ta
dung hai I¢nh sau:

glEnableClientState(GL VERTEX ARRAY);
glEnableClientState(GL NORMAL ARRAY);
Budc 2: Chi dinh dit liéu cia mang

C6 tam thu tuc khac nhau ding dé chi dinh dit liéu ctia mang tuy thudc vao kiéu dit liéu.

glVertexPointer(GLint size, GLenum type, GLsizei stride,const GLvoid *pointer);

Chi dinh dir liéu toa d cac dinh trong d6 tham s6 pointer 1a dia chi cia diém dau tién
trong mang, tham s type xac dinh kiéu dir liéu (GL_SHORT, GL_INT, GL _FLOAT, hoic
GL_DOUBLE), size 1a kich thudc toa d6 mdi dinh (2,3 hodc 4), tham s stride xac dinh cach
truy cap dir liéu trong mang (néu méang chi chira mot loai dit liéu thi stride bang 0)

Céc thu tuc dung cho cac kiéu dit liéu khéc 1a:

glColorPointer(GLint size, GLenum type, GLsizei stride, const GLvoid *pointer);

glSecondaryColorPointer(GLint size, GLenum type, GLsizei stride, const GLvoid
*pointer);

glindexPointer(GLenum type, GLsizei stride, const GLvoid *pointer);



glNormalPointer(GLenum type, GLsizei stride, const GLvoid *pointer);
glFogCoordPointer( GLenum type, GLsizei stride, const GLvoid *pointer);
glTexCoordPointer(GLint size, GLenum type, GLsizei stride, const GLvoid *pointer);
glEdgeFlagPointer( GLsizei stride, const GLvoid *pointer);

Tuy theo kiéu dit liéu trong mang ma cac tham s6 c6 thé c¢6 hodc khong c6, vi du ddi véi
mang cac véc to phap vi toa do véc to phap ciia mot mit ludn c6 kich thude bang 3 do do
trong thi tuc gINormalPointer() ta khong can dung tham sd size.

Bang sau cung cap gia trj ciia tham s side va type cho cac tha tuc trén

Thu tuc Side | Type
glVertexPointer 2,3,4 | GL_SHORT, GL INT, GL FLOAT, GL_ DOUBLE
glColorPointer 3,4 GL BYTE, GL_UNSIGNED BYTE, GL_SHORT,

GL_UNSIGNED_SHORT, GL_INT,

GL UNSIGNED INT, GL FLOAT, GL DOUBLE
g]SecondaryCo]orPointer 3,4 GL BYTE, GL _UNSIGNED BYTE, GL_SHORT,
GL _UNSIGNED SHORT, GL_INT,

GL UNSIGNED INT, GL FLOAT, GL DOUBLE

glIndexPointer 1 GL _UNSIGNED BYTE, GL_SHORT, GL_INT,
GL _FLOAT, GL DOUBLE

g]NormalPointer 3 GL BYTE, GL _SHORT, GL_INT, GL _FLOAT,
GL_DOUBLE

glFogCoordPointer 1 GL_FLOAT, GL_DOUBLE

ngexCoordPointer 1, 2, | GL_SHORT, GL _INT, GL FLOAT, GL_DOUBLE

3,4
glEdgeFlagPointer 1 Khong c6 kiéu, dii liéu ngam dinh 1a GLboolean

Vi du: Xét mot doan ma trong chuong trinh varray.c

static GLint vertices[]
100, 325,

175, 25,

175, 325,

250, 25,

325, 325};

static GLFfloat colors[]
0.2, 0.2, 1.0,

0.8, 1.0, 0.2,

0.75, 0.75, 0.75,

0.35, 0.35, 0.35,

0.5, 0.5, 0.5%};
glEnableClientState (GL_COLOR_ARRAY);
glEnableClientState (GL_VERTEX_ARRAY);
glColorPointer (3, GL_FLOAT, 0, colors);
glVertexPointer (2, GL_INT, 0, vertices);

{25, 25,

{1.0, 0.2, 0.2,

Ta dé cép thém vé cach dung tham sb stride trong truong hop dung mot mang luu trir
hai loai dir liéu khac nhau. Vi du ta luu trir mau RGB cua timg diém va toa do cua diém twong
ung trong cung mQt mang sau:



static GLfloat intertwined[] =
{1.0, 0.2, 1.0, 100. 0
, 0.0, 0,
100.0, 300.
0

0,
0.2 2
0.2,

0.2, 200.0, 300.
1.0,

1.0,

100.0, 0.0,
00. 0.

01

300.0, 200.
200.0, 100.0, O. O},

Gia tri mau cia diém (100 0, 100 0,0.0) 14 (1.0, 0.2, 1.0)..., ta thdy chi s6 mau ciing nhu
toa do tuong Ung cua hai diém lién tiép trong mang cach nhau 6*sizeof(GLfloat)va khoang
cach nay chinh 14 gié tri ctia tham sd stride trong hai 1énh sau:

glColorPointer (3, GL_FLOAT,6*sizeof(GLfloat), intertwined);
glVertexPointer(3, GL_FLOAT,6*sizeof(GL{float), &intertwined[3]);
Budc 3: V& cac ddi twong hinh hoc

C6 ba cach dé truy cap phan tir cia mang d6 1a: Truy cap timg phén tir riéng 1¢, truy cap
mot danh sach cac phan tir thong qua mang chi s va truy cip mot ddy con cac phan tu.

- Truy cp ting phan ti riéng 1¢

glArrayElement(GLint ith);

Truy cap dén phan tir th ith trong tit ca cac mang da duoc kich hoat.Vi du vé viée sir
dung 1énh glArrayElement() dé dinh nghia mau va toa do cac dinh trong chuong trinh
varray.c

glEnableClientState (GL_COLOR_ARRAY);
glEnableClientState (GL_VERTEX_ ARRAY);
glColorPointer (3, GL_FLOAT, 0, colors);
glVertexPointer (2, GL_INT, O, vertices);

glBegin(GL_TRIANGLES);
glArrayElement (2);
glArrayElement (3);
glArrayElement (5);

glEndQ);

Nam cau Ié€nh cuoi trong doan ma trén tuong duong véi:

glBegin(GL_TRIANGLES);
glColor3fv(colors+(2*3*sizeof(GLfloat));
glVertex3fv(vertices+(2*2*sizeof(GLint));
glColor3fv(colors+(3*3*sizeof(GLfloat));
glVertex3fv(vertices+(3*2*sizeof(GLint));
glColor3fv(colors+(5*3*sizeof(GLfloat));
glVertex3fv(vertices+(5*2*sizeof(GLint));

glEndQ);

- Truy cap mot danh sach cac phan tir théng qua mang chi sb
glDrawElements(GLenum mode, GLsizei count, GLenum type, void *indices);
Truy cdp dén count phin tr ciia mang, chi sd cac phan tir duoc luu trit trong mang
indices. Tham sé mode giéng nhu tham s cua thu tuc glBegin(), tham sé type chi dinh kiéu
dir liéu cua mang indices va nhian mot trong sb cac gia tri GL_UNSIGNED BYTE,
GL_UNSIGNED SHORT, hoac GL_UNSIGNED INT.



Hi¢u lyc cua 1énh glDrawElements() tuong duong voi doan ma sau:

int i;

glBegin (mode);

for (i = 0; 1 < count; i++)
glArrayElement(indices[i]);
gleEnd();

Xét vi du gia sir ta mudn v& mot hinh 1ap phuong ma cac dinh duge ddnh dau nhu hinh
ve dudi day:

Back

Front

4 ]

Khi @6 doan ma sau cho phép v€ hinh hdp sau khi ta da kich hoat mang chira toa do 8
dinh:

static GLubyte frontlndices = {4, 5, 6, 7};
static GLubyte rightindices = {1, 2, 6, 5};
static GLubyte bottomlndices = {0, 1, 5, 4};
static GLubyte backlIndices = {0, 3, 2, 1};
static GLubyte leftindices = {0, 4, 7, 3};
static GLubyte toplndices = {2, 3, 7, 6};

glDrawElements(GL_QUADS, 4,
glDrawElements(GL_QUADS, 4,
glDrawElements(GL_QUADS, 4,
glDrawElements(GL_QUADS, 4,
glDrawElements(GL_QUADS, 4,

GL_UNSIGNED_BYTE,
GL_UNSIGNED_BYTE,
GL_UNSIGNED_BYTE,
GL_UNSIGNED_BYTE,
GL_UNSIGNED_BYTE,
glDrawElements(GL_QUADS, 4, GL_UNSIGNED_BYTE,

frontindices);
rightindices);
bottomindices);
backIndices);
leftindices);
toplIndices);

Hodc mot cach tot hon khi ta gop chi sé cac dinh vao mot mang duy nhat:

static GLubyte alllndices = {4, 5, 6, 7, 1, 6, 5,
0, 1, 5, 4, 0, 3, 2, 1,
0, 4, 7, 3, 2, 3, 7, 6}:

glDrawElements (GL_QUADS, 24, GL UNSIGNED BYTE, allIndices);

- Truy cap mét ddy con cac phan tir

gIDrawArrays(GLenum mode, GLint first, GLsizei count);

Truy cdp count phan tir ciia mang ké tir phan tir thu first, tham s6 mode giéng nhu tham

s6 cua glBegin()
Hi¢u lyc cua 1énh giDrawArrays() turong duong voi doan ma sau:

int i;

glBegin (mode);

for (i = 0; 1 < count;
glArrayElement(first +
glEnd();

i++)

1);



2. Cac danh sach hién thi (Display Lists)

Mot danh sach hién thi 1a mot nhom céac cau 1énh cia OpenGL c6 thé dugc goi nhiéu 1an
dé thuc hién mot nhiém vu nao d6. Khai niém danh sach hién thi duoc hiéu gidng nhu khai
niém ham va thu tyc trong cac ngodn ngit 1ap trinh. Vi du ta mudn v& mot cai 6td co bdn banh,
thay vi vi¢c phai viét doan ma v& banh 6t6 bdn 1an ta s& tao mot danh sach hién thi 1am nhiém
vu v& banh 6t6 va goi n6 bon lan.

Danh sach hién thi 1a dic biét hiéu qua trong mo hinh client-server khi ta muén giam
lru lwong thong tin truyén tai qua mang, khi client thyc hién danh sach hién thi n6 s& luu trix
danh sach hién thi d6 cho cac 1an thuc hién sau.

2.1 Tao mdt danh séach hién thi
Tao mot danh sach hién thi theo cau tric nhu sau:

listName= glGenLists( range);

glNewList (GLuint listName, GLenum mode);
<Céc lénh cua OpenGL>

glEndList (void);

Trong chuong trinh c6 thé ta phai str dung dong thoi nhiéu danh sach hién thi, khi d6
OpenGL gan cho mdi danh sach hién thi mot chi s6 duy nhat. Ta dung ham glGenLists() dé
tu dong tao ra mot chi sb chua duoc sir dung va gan cho danh sach hién thi, ca phap Iénh nhu
sau:

Ham glGenLists( range); tra vé mot gia tri duy nhat trong khoang tur 1 dén range chua
dugc su dung trude do la gan cho danh sach hién thi. Ham s& tra vé gia tri 0 néu nhu khong
con gia tri nao trong trong mién duoc chi dinh hoic khi range=0.

gINewList (GLuint listName, GLenum mode);

Chi dinh diém bat diu cia mot danh sach hién thi, tham sé mode c6 thé nhan mot trong
sO cac gid tri GL COMPILE hoic GL COMPILE AND EXECUTE. Su dung
GL COMPILE néu mudn cac 1énh trong danh sach hién thi chi dugc thuc hién khi ta g01 no
va st dung GL_COMPILE AND EXECUTE néu mudn céc 1énh trong danh sach hién thi
thuc hién ngay tire khéc cling nhu cho nhiing 1an goi sau.

glEndList (void);
DPanh du diém két thuc ctia mot danh sach hién thi

2.2 Thi hanh 161 goi mdt danh sach hién thj

Pé thi hanh 101 goi mot danh sachs hién thi da duoc dinh nghia trudc d6 ta dung thu tuc
sau:

glCallList ( listName);

Thi hanh danh sach hién thi dugc danh dau boi listName, néu listName chua duge gan
gia trj thi 1énh thi hanh danh sach hién thi khong c6 hiéu luc.
Vi du: Thyce hién chuong trinh torus.c

Chuong trinh 14 v& mot go tron va nhin né tir nhiéu goc d6 khac nhau. Cach t6t nhét 1a
dung danh sach hién thi luu trit 1énh v& gd tron, mdi 1dn mudn thay ddi diém nhin ta thay doi
modelview matrix va goi danh sach hién thi vé& go tron.
Vi du: Thyce hién chuong trinh list.c

Chuong trinh v& 10 tam gidc mau d6 va mot doan thang, hay giai thich vi tri xuat hién
ctia doan thang.



2.3 Thi hanh nhiéu danh sach hién thi

OpenGl cho phép thi hanh nhiéu danh sach hién thi bang cach dwa chi s6 cta cac danh
sach hién thi vao mot mang trudc khi thuc hi¢n 161 goi glCallList (). Ta khéi tao gia tri chi
muc bang cach sir dung ham glListBase ()

glListBase(GLuint base);

Chi dinh rang base 1a gia tri dugc cong thém vao (offset) cac phan tir ciia mang list trong
1énh glCallList() dudi day, két qua duoc dung 13 chi sé cia cac danh sach hién thi dugc goi
trong 1énh glCallList(). Gia tri mac dinh cua base 1a 0.

glCallLists(GLsizei n, GLenum type, const GLvoid *lists);

Thuc hién n danh sach hién thi, chi sb cua cac danh sach duge tinh béng cach cong thém
gia tri base (duoc xac dinh boi 1énh glListBase()) vai gia tri s6 nguyén khong 4m trong mang
chi s6 duoc chi béi con tro list. Tham s6 type xéac dinh kiéu dir liéu dwoc luu trit trong list
Vi du: Thyc hién chuong trinh multilist.c

Chuong trinh minh hoa céch tao va thi hanh 101 goi nhiéu danh sach hién thi

2.4 Cac danh sach hién thi phan cép

Ta ¢6 thé tao cac danh sach hién thi phan cép , nghia la mdt danh sach hién thi c6 thé
goi cac danh sach hién thi khac bang thu tuc glCallList() giira hai thu tuc gINewList() va
glEndList().

Danh sach hién thi phan cip 1a dic biét hiru dung khi ddi tuong v& bao gdm nhiéu thanh
ph?m va ¢ mot sd thanh phﬁn duogc st dung nhiéu hon mét 1an.

Vi du doan ma sau minh hoa v& mot chiéc xe dap bang cach goi cac danh sach hién thi
v€ cac bd phan cua no.

gINewList(listindex,GL_COMPILE);
glCallList(handlebars);
glCallList(frame);
glTranslatef(1.0,0.0,0.0);
glCallList(wheel);
glTranslatef(3.0,0.0,0.0);
glCallList(wheel);

glEndList();

3. Hién thi cac ki tu (Character/ Text)

Do hoa may tinh st dung hai cach dé biéu dién ki tu (ta con goi 1a font chir). Cach tha
nhat 13 dinh nghia ki tu dudi dang bitmap font (raster font), theo cach nay mdi ki tw dugc biéu
dién dudi dang mét mién hinh chit nhat cac 6 ma mdi 6 la mot bit 0 hodc 1. Cach th hai 1a
dinh nghia ki tu dudi dang stroke font (outline font), mdi ki tuw duoc tao thanh tir cac doan
thang ghép lai.

Trude khi cho hién thi font ta phai xac dinh vi tri s& hién thi font trén céng nhin béng
cach ap dung I¢énh sau:

glRasterPos{234}{sIfd}(TYPE x, TYPE Y, TYPE z, TYPE w);
Thu vién GLUT cung cép ca hai kiéu ki ty trén bang cach goi cac thu tyc sau:
Thu tuc v€ bitmap font:

glutBitmapCharacter (font, character);

Trong d6 tham sb font xac dinh kiéu va kich thudc cua font chir nhan mot trong sé cac
gia tri sau GLUT BITMAP 8 BY 13, GLUT BITMAP 9 BY 15,
GLUT BITMAP TIMES ROMAN 10, GLUT BITMAP HELVETICA 10. Tham s
character ¢6 thé 123 ma ASCII cua ki tu hodc ki ty twong ung.

Thu tuc vé stroke font:

glutStrokeCharacter (font, character);



Trong d6 tham s6 font xac dinh kiéu va kich thudc cta font chit nhan mot trong s6 céc
gia tri sau GLUT STROKE ROMAN, GLUT STROKE MONO ROMAN. Tham s6
character c6 thé 1a ma ASCII cua ki tu hodc ki tu tuong Ung.

Vi du: Hai 1énh sau s& cho hién thi ki tu bitmap 'A' trén man hinh tai vi tri (50,50) trong
cong nhin

glRasterPos2i(50,50);
glutBitmapCharacter(GLUT BITMAP 8 BY 13,65);
Chuy:

- Pé dinh vi duoc vi tri hién thi font trén man hinh ta phai thiét lap modelview matrix va

projection matrix vé khong gian hai chiéu bang cac cau 1énh sau:

gIMatrixMode(GL_PROJECTION);

glLoadldentity();

gluOrtho2D(0.0, (GLFfloat) width, 0.0, (GLfloat) height);
gIMatrixMode(GL_MODELVIEW);

glLoadldentity();

Trong d6 width va height 13 hai kich thudc cua cira s6 hién thi

- OpenGL cung cip 1énh gIBitmap() cho phép hién thi cac ki ty bitmap (doc thém
chuong 8- Red Book)
Vi du: Thyce hién chuong trinh stroke.c

4. Cach tao cac trinh don (menus)

GLUT cung cip cac cu 1énh cho phép tao trinh don bét 1én (pop-up menu). Mot pop-up
menu duoc tao bdi cau 1énh sau:

glutCreateMenu(menu_function);

Tham sb menu_function 1a tén cua mdt thu tuc dugc goi khi menu dugc chon,
menu_function con duoc goi la ham goi lai (callback function) dwoc dang ki boi
glutCreateMenu(). Thu tuc menu_function c6 mot tham sé 1a mot sé nguyén tuong tmg voi vi
tri dugc lya chon trong menu. Thu tuc menu_function c6 dang:

void menu_function(GLint menulD);

Gia tri nguyén dugc truyén cho menulD dugc sir dung bai menu_function dé thyc hién

mot sb cong viéc nao do.
glutAddMenuEntry (entry, menulD);

Lénh nay tao thém mot muyc entry trong menu, néu nd duoc chon thi menulD s& dugc
tra lai cho ham goi lai menu_function().

Cubi cung ta phai chi dinh thao tac chudt s¢ dung dé lua chon trinh don br:ing 1énh:

glutAttachMenu (button);

Trong d6 tham sd button nhdn mot trong sé cac gia tri GLUT LEFT BOTTON,
GLUT MIDDLE BOTTON, GLUT RIGHT BUTTON.

Vi du: Thyc hién chuong trinh menu.c minh hoa cach xay dung menu
Vi du: Thyc hién chuong trinh newpaint2.c

5. Tao nhiéu cira so hién thij (Multiple Windows)

Vi du: Thyce hién chuong trinh windows.c
Ta c6 thé tao nhiéu cira sd dé hién thi cac hinh anh doc lap véi nhau.
WindowID=glutCreateWindow("Window name");
Lénh trén tao ra mot ctra s6 ¢6 tén 1a Window name va tra vé gia tri 1a mot sd nguyén
WindowlID. Gia tri WindowID s& dugc truyén cho thi tuc glutSetWindow(WindowID) trong
thu tyc hién thi hinh dnh.



6. Cac mit phing cit (Clip Planes)

Vi du: Thyce hién chuong trinh clip.c

Ta str dung mat phing cit dé cit mot phan cua hinh anh khéng cho phép hién thi 1én

man hinh.
glClipPlane(GL_CLIP_PLANEi, *equation);

Trong d6 equation tro dén mang {A, B, C, D} 1a cac h¢ s6 xac dinh phuong trinh cua
mit phiang cit Ax+By+Cz+D=0. Lénh trén s& cit mot nira phan /khong gian gém cac diém
(X,y,z) thod man Ax+By+Cz+D<0.

Mit phang cat phai dugc kich hoat boi 1énh glEnable(GL CLIP PLANE;);



