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the first one although you may see the

second
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, ,

 (collision detection), .

 Java 

 (Java bindings) OpenGL

 OpenAL (JOGL & JOAL APIs) .
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blocking mode)  (channels)

 (real time games).

, 

JautOGL, 
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 Java Games – Forums
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. 

 (hardware).
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,  C++ 

.  Java 
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.  Java 
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.

. 
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.

, 

 Java . 

 OpenGL 

 OpenAL. 

 Java  JOGL

 JOAL APIs.

. 

 Java .nio 

 (channels) 

 (non blocking mode).

 JautOGL  JOGL,

JOAL  Java .nio. , 

 – 

.
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 1: 

. 

, 

.

1.1

. 

. 

. 

.

. 

, ,

 – 

 ¨ ¨, 

. 

.
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. ’ 

.  2 . 

.  ¨ ¨ 

. 

 (frames per second).

. 

:

 - :

•

•  – 

, .

• . 

.

• , .

:

•  textures, , 

.
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• , ,

, , ,  Doppler .

• , , 

(collision detection),  (path finding) .

textures .

. 

. 

. 

.

1.2

.

.

.

, , 

, 

. 

. 

 (texture mapping), 
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 (3D graphics pipeline), , 

 (rendering) 

.

. 

.

 [SANC03]  [MCRE05]. 

 OpenGL.

1.2.1

1.2.2.1

, 

. 

, 

 ( ), 

, 

.
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.  OpenGL  Phong

:

 (normal vector) 

. 

.

:

•  (materials), 

, , 

.

•  (direct illumination)

 – .

•

 :

• totalL : .

• ambientL : .

• diffuseL : .

• specularL : .

• emissiveL : 

emissivespeculardiffuseambienttotal LLLLL +++=
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. 

.

1.2.2.2  (Shading)

. 

. 

.

’ , 

(fragment).

 (pipeline) 

:
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:

1.  (Constant Shading): 

 (primitive shape)

 (provoke vertex)

. 

 (triangle strip),  (quad

strip)  (line strips).

2.  (Smooth Shading): 

 (fragment color). 

.

 1.1  (pipeline)

 (Material)

 (texenv)
(fog color)

framebuffer

(fog)
Framebuffer

VERTEX PROCESSING FRAGMENT PROCESSING
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3.  (Texture Shading): 

.

4.  Phong (Phong Shading): 

 (specular reflection).

 (per-pixel lighting) 

 (smooth shading). 

 Phong  (per-pixel

lighting).

1.2.2.3  (Spotlight

effects using projective textures)

, 

. 

:

•  (cutoff angle).

•  (intensity exponent),

.

• .

• .
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 (mask)

. 

, 

. 

.  pixels 

. 

.

, 

. 

 (matrixes).  

 (rendering) :

1. depth buffer.

2.

.

3.  depth

buffer  color buffer. (  1)

4.

 (texture environment) 

 (GL_MODULATE).

5.

.

6.  (blending).

7.  depth buffer.
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8.

. (  2)

9. , 

.

10. , . GL_DST_COLOR

11.

. (  3)

, 

.

1.2.2.4

 (Specular lighting using

environment maps)

 pixel .  (sphere mapping)

 Phong 

. 

 (eye reflection vector) Ru

:

n
l

n
uu RLRLLRf )()(),( ⋅=⋅=



 1: 

,  & ,
2006

31

. 

. 

. 

:

1.  (material) 

 0 

.

2. .

3.

.

4. .

5.

 color buffer.

6. .

7.

.

8. .

9.

,  (vertex colors) 

 (specular material color).

10.

.

1.2.2.5  (Light Maps)
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. 

 (nonisotropic

illumination patterns). 

. 

.

 – .

 RGB . 

(multipass technique) .

:

1. . 

 – 

.

2. .
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3.  (render) 

.

4. :

:

1) .

2) .

3) .

4)

.

5)  (render) 

 – .

:

1. . 

 – 

.

2. .

3.  (render) 

.

4. .

5.

 (multitexture) 

 (multipass technique).

.
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6.  (render) . 

.

1.2.2.6 BRDF 

. 

 (bidirectional reflectance

distribution functions, BRDFs)

 ( , , ).  BRDF

),( RL

),,( , rriif ϕθϕθ .

 BRDF) 

. 

 (multitexture) 

 (multipass technique) 

.

1.2.2.7  (reflectance maps)

. 
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. 

:

•  (gloss maps)

. 

 (gloss maps), 

 (mask) 

. 

.

(multipass technique). , 

.

 0). 

 0.

 (specular reflectance  gloss). 

 alpha 

.  1 
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 0 . 

,  alpha

.

:

 M ,  I 

.

•  (emissive maps)

 (emission

maps). ,

. 

.

1.2.2.8  (Per-Fragment

Computations)

, 

ssddfinal IMIMC +=
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. ,

.

. 

. 

, 

. 

.

, 

. 

 (tangent space).  

:

, 

 (binormal). 

. 

) .

1.2.2.9  (bump mapping

with textures)

 (bump mapping) 

. 
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, 

. 

. 

, 

, ) .

),( vuF

),( vuP

),( vuP′

N vu, . 

P

F

.

. 

.

N ′ vu,

P′ u , 

u
P
∂

′′∂
. 

uP′ vP′

FP, .

u
N
N

F
N
NFPP uuu

∂

∂
++=′ ||||

|||| v
N
N

F
N
NFPP vvv

∂

∂
++=′ ||||

||||
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F

:

:

:

To vu PP × N , 0=× NN

)( ABBA ×−=× N ′ :

. 

 (bumped-mapped

reflection).

|||| N
NFPP uuu +≈′

|||| N
NFPP vvv +≈′

2||||
)(

||||
)(

||||
)(

N
NNFF

N
NPF

N
PNFPPN vuuvvu

vu
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+
×

+
×
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)
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(
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N
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)(
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1.2.2.10  (normal

maps)

 texel 

pixel .  RGB 

.  (tangent space)

.  (relief shading)

LN ⋅

. 

 [0, 1]. 

:

 0.  

LN ⋅ L

 (pipeline)

.

, 

.

1.2.2.11  Dynamic Range

Lighting)

. 

))5.0)(5.0)(5.0)(5.0()5.0)(5.0((4 −−−−+−− BBGGRR TCTCTC
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 (radiance map). 

 ( , light probes) 

 fish-eye 

. 

.

1.2.2  – Texture Mapping

1.2.2.1 

 (image). 

 (color on a

per-pixel basis). 

 (images

and geometry combination).

 – 

. 

texels

pixels

. 

. 

. 

 (extensions)

.
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 0  1. :

1.2.2.2  – Texture

Environment Mapping

, 

, 

. 

 (normal vectors) 

 texels 

.

 OpenGL:

(0, 0)

(0, 1)

(10,-21)

(1, 1)

(1, 0)
(10, -5)

(20, -5)

 1.2  - 

(20, -21)
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•  (texture

coordinate generation functions). 

:

o  (normal mapping)

. 

zyx NNN ,,

rts ,, . 

 -1  1 

. 

 (diffuse reflections).

o  (reflection vector

mapping)

 ( R ) 

 (U , eye camera). 

. 

:

)(2 NUNUR T
o−=
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 N 

. 

, 

zyx RRR ,, rts ,,

. 

 -1 

1 .

.

o  (sphere mapping)

 1.3

R

R
N

xR

zR

yR
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.

xR yR

 ( M )

:

xR yR M

0=zR .

•  (Cube Mapping)

 6 

 6 

. rts ,,

t

s
 1.4

. 

M
Ry

M
Rx

222 )1(2 +++= zyx RRRM
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 [-1, 1]. 

 – 

, .

. 

 [0, 1] .

 texels,

.

1.2.2.3  (3D Textures)

 3 rts ,, . 

. 

.

 0

 1

 2

 3

 4

s

tr

 1.5 . .
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.

1.2.2.4 Mipmapping

. 

 ¨multum in parvo¨  ¨

¨ [WRIG05].

 (scintillations)

 (rendering)

. 

.

 1.6

 B-splines (NURBS) 
.
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(scintillation)  (rendered) 

. 

.

.

 mipmapping 

 –  1

. 

. 

 (rendering) 

 mipmapping 

.

1.2.2.5

. 

 texels 

. 
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.

(point sampling).  texels 

 texel 

. 

.  OpenGL 

 (nearest neighbor filtering).

 (bilinear

texturing). 

 texels . 

 2x2  (filter

kernel).  OpenGL  mipmapping. 

mipmap 

.

 texels .
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 1.7  mipmapping  OpenGL

GL_NEAREST
GL_LINEAR

GL_NEAREST_MIPMAP_NEAREST GL_NEAREST_MIPMAP_LINEAR

GL_LINEAR_MIPMAP_NEAREST GL_ LINEAR _MIPMAP_ LINEAR

Anisotropic Filter
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1.2.2.6

 (rendering). 

 (texture objects). 

, 

 mipmapping 

. 

.

 (display lists)

 unsigned  32 bit 

.

glBindTexture.

. 

. 

. 

,  cache 

.

glBindTexture.

 (render) 

 3 , 
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 3 glBindTexture.

1.2.2.7  (Multitextures)

 (hardware) 

.  

 (texture

environment)

. 

 (texture coordinate generation state)

 (texture matrix state).

. 

(light maps).  (rendering)

. 

. 

 (rendering). 

.

. 

. .
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. 

. 

 alpha.

1.2.2.8  (texture compression)

, 

.  JPG

.

 hardware

 – .

1.2.2.9  (Texture Mosaics)

, 

,
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. 

. 

.

 (texture mosaic). 

 (pattern)  

. 

 (texture bindings) .

. 

. 

.

. 

mipmapping 

.

1.2.2.10  (texture tiling)

-

 (rendering).
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.

 (stencil mask). 

:

1.

(GL_ALPHA).

2.

(GL_NEAREST).

3. .

4.

.

5.

.

6. .

7.  (render)  (primitive shape)

. 

 buffer 

.

8.  (re-render) 

 (rendered) 

.
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1.2.2.11  (Texture Paging)

, 

.

(texture tiling) .

. 

, 

 (collision detection) 

. 

. 

.

(0,1) (1,1)

(0,0)
(1,0)

 1.8

(2,5)

(-1,1)
(6,1)
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. 

. 

. 

.

. 

 (texture tiling). 

. 

 (texture

transformation matrix).  (rendered) 

 (texture memory).

 mipmapping 

 (Levels Of Details, LODs). 

:
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 Google Earth. 

 (LODs)  zooming . 

. 

. 

 (LOD 0):

LOD 0

50% LOD 0 + 50% LOD 1

LOD 1

LOD 2

 1.9  (texture paging)  mipmapping
.  LOD.
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 1.10  (texture paging) 
Google Earth.
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 1.11  (texture paging) .
.

 1.12 . 
.
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1.2.2.12

(Dual-Paraboloid Environment Mapping)

 (dual-paraboloid

environment mapping)

 (sphere mapping). 

 (view-independent). 

 (sparkling artifacts) 

. 

.

. 

:

.  (front)

 (back) . , 

 (passes)  (rendering). 

.

),(
2
1

2
1),( 22 yxyxf +−=

122 ≤+ yx
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:

:

.

. 

.  

. 

 (sweet circle).
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1.2.2.13  (Texture Projection)

 (texture projection)

. 

 (transform matrix) 

.

 1.13
.
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,

.

1.2.2.14 Animation 

animation 

. 

 1.14  s, t, r 
.
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.

 animation . 

 texels. 

 animation. 

 cache .

. 

. 

 z  animation.

 animation 

, , 

 (collisions).

1.2.1 . 

 (pipeline)

1.1 ,

. . ’ 

 (hardware) 
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.

, 

 (frames per second, fps). 

 80 fps .

, , , 

.

.

1.2.1.1  (scene graphs)

. 

. 

, 

. 

 (rendering).

. 

 (scene graphs) 

. 
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. 

.

:

, 

. 

 (3D sound). 

, . 

. 

.

 OpenGL 

.   OpenGL . 

 1.15 .

 Rasterize 
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. 

, 

 (path finding)  (collision

detection). 

 (display lists)  (vertex arrays). 

.

, 

. 

. 

.

 rasterization, 

 (pixels) 

(pixel fragments).  

, 

,  (depth testing), 

.

, 

. 

 (refresh rate) 

.
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,

 (vertex arrays) 

. 

.  (display lists) 

.

.

.

 “ ” 

, .

1.2.1.2

:

1. .

2. .

3.

(rendering)  (hardware).

. 
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.

. ,

. 

, 

. 

.

:

1.

.

2.

.

3.  (safety margin)

.

: 

, . 
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, 

. 

.

.

, 

. 

. , 

. 

:

1. :

.

. 

. 

(block)

.
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2.  (rendering phase):

 (rendering). 

. 

.

3. : , 

. 

 (rendering phase)

. 

 (rendering phase).

, 

. 

. 

.

1.2.1.3

. 

(bottlenecks)

.
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. 

. ,

 (pipeline). 

 (hardware accelerated), 

.

(benchmark) .

, 

:

1.  (application subsystem):

.

2.  (geometry subsystem):

, ,

. 

 (raster subsystem).
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3.  (raster subsystem):

, 

buffers, .

 (bottleneck). 

.

.  (application

subsystem)

.  (benchmarking) 

(stubbed out calls), 

.

 (geometry subsystem), 

, 

, , 

. 

(bottleneck).

 (raster subsystem), 

(bottleneck) , 
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. 

. 

. 

. 

.

 buffer 

, 

. , 

.

. 

 cache . 

. 

,

. :

 1.16 .
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•

. 

, 

.

• . 

n  ( ), 

.

•  buffers

.  buffers 

cache .

.

. . 

 60Hz 

 16.7 msec. O 

, 

:
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1.

 (flickering) 

.

2.

. 

.

3.

. 

.

. 

 40 fps  60

 30 fps.  

 60 fps. 

:
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 (benchmarking) . 

,

.

,

, 

.

1.3  (Collision Detection)

 (collision detection) 

. 

(Hz) (ms)

1 60 16.67

2 30 33.33

3 20 50

4 15 66.67

5 12 83.33

6 10 100

7 8.6 116.67

8 7.5 133.33

9 6.7 150

10 6 166.67

 1.17  60 z
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, 

. 

. 

, ,

. , 

, 

.

. 

. , 

.

, 

. 

, 

. 

. 

.

. .

 (rendering) 
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 (convex)  (concave)

. 

. 

:

. :

•

•

•

•

•

•

•

•

(Polytopes)

 1.18
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• BV/BV

o

o

o AABB/AABB

o K-DOP/K-DOP

o OBB/OBB

•

•

. 

. 

. 

.

. , 

. 

. 

. 

:
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. 

. 

. 

. 

.

(conservative prediction)

.  100% 

.  (4D

test), 

.  100%

 1.19

t=0

t=1

t=0
t=1
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.

 (time-interval

halving), .

,

. 

. 

. 

.

. 

:

. 

, 

 (contact normal vector), 

t=0

t=1

t=0.5

t=1

t=0.75

t=1 t=0.625

t=0.75
t=0.6875

 1.20  (time-interval halving)
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. 

.

 (robust)

:

1.

.

2.

.

3. .

4.

. 

 (convex shapes).

. . ,

, 

. 

, 

 (spatial

subdivision)
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. 

(bounds collision detection), 

.

. 

 (broad phase)

.  (narrow

phase), 

. 

.

. 

(sphere trees), BSP .

 (proxies), 

. : 

.

, , 

. 

:

)( uuppvv cncncnt +++=
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:

• vn : .

• vc : .

• pn : 

.

• pc : 

.

• un : ’ 

.

• uc : .

pn

vc . vc

 AABB.

 hash  (spatial

hashing), .

. 

. hash  (hash

keys)  bits. 

. 

:
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:

1.

.

2.

.

10

01

00

00 01 10

 1.21  hashing 

: 0100

: 0100, 0000, 0101, 0001

: 1001, 0101

: 0101, 0110, 0001, 0010
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3. , 

, .

4. , 

, .

5.

.

6. , 

.

7.

(robust), 

 (float) .

1.4

. 

, 

. 

, 

. 

, , , , 

, 

. , 

.
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. 

, 

. 

, 

. . 

  

, 

. .

. 

:

•  (path finding). 

, , , 

. 

, 

.

• . 

, , , 

.



,  & ,
2006

90

• . 

, 

, , , 

.

. 

, 

, 

. 

. 

.

, 

.  

:
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, 

 (path

findings)  (BSP trees), 

 (obstacles

avoidance).

: 

: 

: 

- 43%
-
- 29%
-
- 29%
-

- 29%
-
- 29%
-

- 43%
-

- 43%
-

- 57%
-

 1.22
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, , 

. 

, 

.

1.5  – 

. 

. , , 

. 

, 

.

:

•

•

•

• , 

 (Graphical User

Interface, GUI) :
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•  ( . 

, , , .).

• . 

, , , 

, 

.

•  (racing game engine). 

, , , 

.

. 

 (configuration).

. 

(racing game engine). 

 (collision detection) 

, 

, , 

, 

.
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 (time

coherence) . 

 (feedback)

.

, 

 – 

.  PC 

.  (joysticks), 

. 

, 

. 

 (Virtual Reality

Systems)

 (highly interactive systems).

 1.23
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1.6

. 

. 

. 

. , 

, 

. 

.

. 

 (wireframe) . 

 (materials),  (textures), 

. 

 (animation). 

:
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 1.24  - 
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. :

1. .

2. .

3. .

4. .

. 

,

, .

 (parser)

. 

.

1.7

. 

. 

. 
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. , , 

.

. , 

. 

, 

.

. 

,  Doppler

 (3D Sound) [STEI02]. 

.
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 2: Java, OpenGL KAI OpenAL 

.  JOGL  JOAL

APIs

 (object-oriented)  Java

. , 

, 

. 

 Java 

.

 OpenGL 

OpenAL  Sun  (bindings) JOGL

(Java OpenGL)  JOAL (Java OpenAL). 

.

2.1  Java 

 Java 

(object-oriented language) 

, , ,

, , , 
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,  Sun Microsystems, 

.

.

. 

 C++, , 

. 

. 

: 

 C++  Java, .

.  Java 

. 

 [DAVI05], [BRAC03]:

• :  Java . 

 J2SE 5.0 

.  (benchmarking) 

 C++ 

 [52]. 

 Java.

• :  Java . 

 (garbage collector), 
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. 

.

• :

 Java 

 (hardware). 

 (Full

Screen Exclusive Mode, FSEM) 

Java Native Interface (JNI) 

 (joysticks) .

• :

Java . 

, 

 JRE 

. install4j.

• : , 

, 

. ,

Sony Playstation, Microsoft Xbox  Nintendo GameCube 

 Java , 
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. 

. ,  Infinium Labs [53]

 Phantom. 

 Windows XP, 

 nVidia, 

 Internet. 

 JRE 

 Java 3D. 

:

 2.1  Phantom
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 Sun 

 2001. , 

 Java 

.

2.2 OpenGL  JOGL

 OpenGL  [WRIG05] 

 (hardware) . 

. 

OpenGL 

 (Application Programming Interface, API).  OpenGL

 Silicon Graphics, Inc. (SGI) 

.

 API  OpenGL  (procedural) 

(descriptive). 

.  “ ”  OpenGL 

, 

.

 OpenGL ,

. 

.
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 [WRIG05], 

, 

. 

, 

 API  Windows 

(Graphics Device Interface, GDI).

 (hardware

implementation) 

 (graphics driver).  OpenGL

 GDI. 

:

/
GDI OpenGL

 2.2  OpenGL 
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 OpenGL 

(pipeline),  OpenGL. 

 1 

:

 OpenGL  API 

.  2003  Sun 

Silicon Graphics  Java

 OpenGL.  JOGL 

 JSRs 231-239 

 OpenGL API  Java 

/
GDI OpenGL

 2.3  OpenGL  (hardware-
accelerated) 

Buffer

OpenGL

Rasterization Frame buffer

 2.4  OpenGL 

OpenGL API
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 Java 3D. 

. 

 API  Java  OpenGL.

 Java 

OpenGL 

.  OpenGL 

 C  (packages) 

(classes). , 

 OpenGL.

 JOGL 

AWT  Swing  Java

.  JOGL

’ 

, 

 Java.nio 

. 

 buffers  Java.nio .

 (binding) 

.  Java 

 SimpleJoglApp [DAVI04]:
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JOGL.  “23” :

GLCapabilities glcaps = new GLCapabilities();

 OpenGL 

 JOGL  JVM.

:

import java.awt.*;
import java.awt.event.*;
import javax.swing.*;
import net.java.games.jogl.*;

public class SecondJoglApp extends JFrame {

    public static void main(String[] args) {
        final SecondJoglApp app = new SecondJoglApp();
        SwingUtilities.invokeLater (
            new Runnable() {
                public void run() {
                    app.setVisible(true);
                }
            }
        );
    }
    public SecondJoglApp() {
        super("Second JOGL Application");
        setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);

        GLCapabilities glcaps = new GLCapabilities();
        GLCanvas glcanvas =
GLDrawableFactory.getFactory().createGLCanvas(glcaps);
        glcanvas.addGLEventListener(new SecondGLEventListener());

        getContentPane().add("Center", glcanvas);
        setSize(500, 300);

    }
}

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

SecondJoglApp.java
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GLCanvas glcanvas =

GLDrawableFactory.getFactory().createGLCanvas(glcaps);

GLCanvas GLJPanel

createGLCanvas() createGLJPanel()

GLCapabilities

GLDrawableFactory  static getFactory().

 GLEventListener 

 SimpleGLEventListener 

 OpenGL.

glcanvas.addGLEventListener(new SecondGLEventListener());

import java.awt.*;
import java.awt.event.*;
import net.java.games.jogl.*;

public class SimpleGLEventListener implements GLEventListener {

    public void init(GLDrawable drawable) {

    }
    public void display(GLDrawable drawable) {

    }
    public void reshape(GLDrawable drawable, int x, int y, int
width, int height) {

    }
    public void displayChanged(GLDrawable drawable, boolean
modeChanged, boolean deviceChanged) {

    }
}

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

SimpleGLEventListener.java
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 JOGL. 

. init(GLDrawable drawable)

. 

, 

, .

display(GLDrawable drawable)

 OpenGL, 

.

 GLCanvas  GLJPanel 

.

 UML 

 JOGL:

JFrame <<interface>>
GLDrawable

<<interface>>
GLEventListener

SimpleJoglApp GLCanvas SimpleGLEventListener

 2.5  UML  JOGL
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2.3 OpenAL  JOAL

 OpenAL  API, 

 (hardware) .  OpenAL 

 OpenGL . 

. 

 (3D sound) 

, .

 OpenAL 

. 

. Buffer

 (Source)

Buffer.  Buffer 

.

 OpenAL  (streaming) .

 Buffers . 

  

.

 OpenAL .

, 

:
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• Windows 98SE, ME, 2000  XP

• Mac OS 8, 9, X

• Linux

• Unix

• Xbox

• Xbox360

 Windows 

 OpenAL. :

•  (generic software):

 Direct X 

.

•  (generic hardware):

 OpenAL 

 Direct Sound 3D.  (hardware

accelerated) 

Direct Sound 3D  16

.

•  OpenAL (native OpenAL drivers):

 Sound Blaster

Audigy  X-Fi. 

.

 1.1 

 Voice Over IP. 

 Windows  Creative EAX 
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 EFX 

. 

.

 Sun  Java 

 OpenAL [31].  JOGL, 

 Java.  OpenAL 

(packages) .

JOAL.  OpenAL static

AL (  13). 

(source)  (listener). 

 (  14-21).

loadALData()

.wav.  23-43  buffer 

Buffer

 2.6  OpenAL

Buffer

Source 0

Source 1

Output
Mix
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alGenBuffers(). 

 buffer. ALut

buffer. 

setListenerValues()

killAllData()

OpenAL.

import java.io.BufferedReader;
import java.io.IOException;
import java.io.InputStreamReader;
import java.nio.ByteBuffer;

import net.java.games.joal.AL;
import net.java.games.joal.ALFactory;
import net.java.games.joal.util.ALut;
import net.java.games.joal.OpenALException;

public class SingleStaticSource {

    static AL al;
    static int[] buffer = new int[1];
    static int[] source = new int[1];
    static float[] sourcePos = { 0.0f, 0.0f, 0.0f };
    static float[] sourceVel = { 0.0f, 0.0f, 0.0f };
    static float[] listenerPos = { 0.0f, 0.0f, 0.0f };
    static float[] listenerVel = { 0.0f, 0.0f, 0.0f };
    static float[] listenerOri = { 0.0f, 0.0f, -1.0f, 0.0f, 1.0f,
0.0f };

    static int loadALData() {
        int[] format = new int[1];
        int[] size = new int[1];
        ByteBuffer[] data = new ByteBuffer[1];
        int[] freq = new int[1];
        int[] loop = new int[1];

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

SingleStaticSource.java
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        al.alGenBuffers(1, buffer);
        if (al.alGetError() != AL.AL_NO_ERROR)
            return AL.AL_FALSE;

        ALut.alutLoadWAVFile(
            "wavdata/FancyPants.wav",
            format,
            data,
            size,
            freq,
            loop);
        al.alBufferData(buffer[0], format[0], data[0], size[0],
freq[0]);
        ALut.alutUnloadWAV(format[0], data[0], size[0], freq[0]);

        al.alGenSources(1, source);

        if (al.alGetError() != AL.AL_NO_ERROR)
            return AL.AL_FALSE;

        al.alSourcei(source[0], AL.AL_BUFFER, buffer[0]);
        al.alSourcef(source[0], AL.AL_PITCH, 1.0f);
        al.alSourcef(source[0], AL.AL_GAIN, 1.0f);
        al.alSourcefv(source[0], AL.AL_POSITION, sourcePos);
        al.alSourcefv(source[0], AL.AL_VELOCITY, sourceVel);
        al.alSourcei(source[0], AL.AL_LOOPING, loop[0]);

        if (al.alGetError() == AL.AL_NO_ERROR)
            return AL.AL_TRUE;

        return AL.AL_FALSE;
    }
    static void setListenerValues() {
        al.alListenerfv(AL.AL_POSITION, listenerPos);
        al.alListenerfv(AL.AL_VELOCITY, listenerVel);
        al.alListenerfv(AL.AL_ORIENTATION, listenerOri);
    }
    static void killAllData() {
        al.alDeleteBuffers(1, buffer);
        al.alDeleteSources(1, source);
        ALut.alutExit();
    }
    public static void main(String[] args) {
        try {
     al = ALFactory.getAL();
            ALut.alutInit();
            al.alGetError();
        } catch (OpenALException e) {
            e.printStackTrace();
            return;
        }
        if (loadALData() == AL.AL_FALSE)

29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
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 JOAL  OpenAL.

 (looping). 

 buffers 

 Doppler .

            System.exit(1);

        setListenerValues();

        char[] c = new char[1];
        while (c[0] != 'q') {
            try {
                BufferedReader buf =
                    new BufferedReader(new
InputStreamReader(System.in));
                System.out.println(
                    "Press a key and hit ENTER: \n"
                        + "'p' to play, 's' to stop, " +
                          "'h' to pause and 'q' to quit");
                buf.read(c);
                switch (c[0]) {
                    case 'p' :
                        al.alSourcePlay(source[0]);
                        break;
                    case 's' :
                        al.alSourceStop(source[0]);
                        break;
                    case 'h' :
                        al.alSourcePause(source[0]);
                        break;
                    case 'q' :
                        killAllData();
                        break;
                }
            } catch (IOException e) {
                System.exit(1);
            }
        }
    }
}

81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
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 3: 

. 

Java .nio

 (Internet). 

. 

.

. 

.

. 

 Java .nio 

.
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3.1

, 

.  [DAVI05]:

• :

. 

:

o  ( )

o  ( )

o  ( )

o  ( )

o  ( )

o  ( )

 3.1
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.  -  (client-

server) 

 (peer-to-peer) 

.

• :

. , 

. 

Internet  dial up    56Kbps

.  (broadband)

 Mbps, 1/ 3 

.

, 

. 

. 

.

,  dial-up  56Kbps. 

:
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 30 

. 

:

 117 bytes 

 117 bytes .

 20 bytes. 

:

.

 1Mbps.

:

:

bytesKbps 7000
8

56
==

bytes
fps
bytes 233

30
7000

≈=

61
20

117
≈+=

bytes
bytes

bytesMbps 125000
8

1
==
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 2083 bytes 

 2083 bytes .

 20 bytes 

:

.

 (multicasting)

.

•  (Latency):

. 

. 

. 

(modem)  30-40 ms . 

 (client-server)

 160 ms .

bytes
fps
bytes 4167

30
125000

≈=

1051
20

2083
≈+=

bytes
bytes
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 (routers),

. 

 400-500 ms 

. 

 TCP 

.

.

, 

 20 ms .

 8 ms 

 Internet.

. 

 250 ms. 

. 

: 

. 

. 
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.

• :

, 

. 

. 

, , 

. 

.

. 

 (file transfer). 

. 

 (real time applications)

 TCP 

UDP .
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• :

. 

:  OSI 

, 

 TCP/IP 

Internet. 

 [TANE96]:

 3.2 OSI 
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.

 Internet,  TCP 

UDP 

. ,  

.

 UDP . 

 (datagrams) 

. 

. 

 3.3  OSI-TCP/IP

Host 

OSI TCP/IP
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. 

, 

, 

(real

time applications)

.

 TCP 

, , , 

.

, 

. 

 (sockets)

.

3.2

. 

. 

. 
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.

 [DAVI05], [HARO05]:

3.2.1

 Internet.

 (server)

 (client). 

:

 3.4
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. 

, 

.

, 

, 

. 

,

, . 

, .

. 

. 

. 

. 

.

, 
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.

, 

.

, , 

. 

.

. 

, 

, 

.

3.2.2

 (peer-to-peer model), 

. 

, . 

. 

:
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, 

.

, 

[55]. 

.

. 

.

 3.5
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 UDP 

. 

.

 Java . -

Java .net

Java .nio. JXTA  Java 

,   

 TCP/IP, HTTP, Bluetooth .

3.2.3

.

RMI (Remote Method Invocation)

(Remote Procedure Calls, RPC).  RMI 

 CORBA (Common Object Request Broker Architecture) 

 Java .

 Sun javagamenetworking API [56], 
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 UDP. , 

.

3.3  Java .nio 

 JSR-51  1.4 

Java  New I/O (NIO)  java.nio . 

 I/O 

. 

, 

[HITC02], [HARO05], [35], [57].

 Java .nio :

• Buffers:

.

 buffers 

. 

put() get()

. 

 (position),  (limit)  (capacity)

, 

 buffer .
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 buffers  (direct)

 (non-direct). 

 (standard virtual machine

memory)  Java. 

buffers 

 Java, 

. 

 I/O , 

 Direct Memory Access, DMA. 

 buffers.

•  (channels):

 buffers. H

 Channel  read()  write() 

. 

. 

 TCP  UDP. 

 (pipe)

.

read() write()

buffers. 

(position)  (limit).  Java .nio 

 scatter/gather  buffers

. 

, 

.
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•  (Selecting):  Java 

, 

 (blocking)  (response). 

.

 (blocking mode)  (non-blocking

mode). read()

write()  (non-blocking mode) 

 (selecting)

. 

:

o read()

o write()

o connect()

o accept()

(selecting)  Java .nio:
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.

 (non-blocking mode).  Java .nio

.

Selector

SelectionKey
Write

SelectioKey
Read

SelectionKey
Read & Write

SelectableChannels

 3.6  (Selection classes)
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 4: 

“JautOGL”

, 

. 

, 

 Java 

OpenGL,  JOGL API. 

 OpenAL  JOAL API.

 Java .nio. 

, , 

.

4.1

 JautOGL 

. 
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OpenGL.  JautOGL:

• :  Java  J2SE 1.4

(Full-

Screen Exclusive Mode, FSEM). 

 JautOGL 

.

• :

. 

, 

 (color bit depth), 

.

•  anti-flickering/anti-tearing:

 (flickering).

•  / :

 – 

.

•  – .

 (patterns)
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.

• :  JautOGL 

 – .

• :

Wavefront Specification  .obj 

 .mtl 

(materials), .

• :  “Animator” 

JOGL API 

 (multitasking). 

 100%. 

.

• :  OpenAL,

.

• :

 mipmapping.
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•

:

  

 (normal vectors),

. 

.

•  – :

, 

.

• :

.

• :

 –  (client – server). 

.

4.2 Wavefront format specification 

 JautOGL  parser 

 .obj  .mtl 

Wavefront Specification. 
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. 

. 

. 

 JautOGL. 

 3D Studio Max 8  (export) 

. :

 4.1  Wavefront .obj 
3DS MAX 8
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 Wavefront 

. 

 .obj:

• # comment

. 

.

• v x y z

 “v”  “vertex” . 

 (x,y,z) 

.

• vt u v [w]

“vertex texture”  (0,1) 

, , 

.

• vn x y z

 “vertex normal” 

.

• f v1[/vt1][/vn1] v2[/vt2][/vn2] v3[/vt3][/vn3] …
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,  & ,
2006

143

 (face). 

 - , 

.

• g name

.  “f” 

.

• usemtl name

 .mtl ,

. 

 “f” 

 .mtl .

 .mtl :

• newmtl name

 .obj 

 (materials).

• Ka r g b

 (ambient).

• Kd r g b

 (diffuse).

• Ks r g b
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 (specular).

• d alpha

 alpha  (material).

• Ns shininess

 (material).

• map_Ka filename

.

 Wavefront Specification 

, 

 parser  JautOGL.

4.3  JautOGL

 JautOGL  22  4500 

.  (packages) 

Java,  JOGL  JOAL. 

.

. :
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• JautOGL

. 

ScreenManager, . 

.

• ScreenManager

.

 (FSEM), 

 OpenGL.

• GameInteractivity

 (mapping) 

.

• InputManager

 (patterns) 

.

• FPSAnimator

 FPSAnimator 

Animator  NVidia drivers (80174). 

.
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• logo

 JFrame. 

.

• GLModel

 parser  .obj. 

.  .obj 

 Wavefront

Specification .

• MtlLoader

 .mtl.

• TextureManager

TextureFactory

Texture

.

• TextureFactory

. 

 OpenGL.

• Texture

.
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• Vector3D

.

• Transform3D

.

• OpenalCore

. 

buffers 

.

• NIOClient

 Java

.nio . 

 (non  blocking mode)

. 

 (channel)

NIOServer.

• NIOServer

(datagrams)

.

NIOClient, 

.
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• OpenglCore

 OpenGL 

.  init()  display() , 

. , , 

.

 JDK 1.5.0_05  Java.   JOGL 

JOAL  1.1.0 . 

JautOGL project 

JCreator.

: 

 “Enter” 

. 

. 

 – . 

.  “F1” 

. . (normal

mode),  (far mode)  (driver mode).

 “Esc” 

.
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 UML  JautOGL

 (attributes, operations). 

Visual Paradigm:
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 4.2  UML  JautOGL
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4.4  –  – 

 JautOGL 

. 

:

1.  1 – 

• : Intel Pentium 4 2.0 GHz

• : 1024 MB DDR2

• : ASUS ATI RADEON 9550 AGP (0x4153),

128 MB

• : Windows XP Proffesional

• : 1280 x 1024

2.  2 – 

• : Intel Pentium M 1.7 GHz

• : 512 MB DDR2

• : GeForce FxGo5200 32M/64M, 64 MB

• : Windows XP Home Edition

• : 1280 x 800

. ,

, 

.  JFrame . 

:
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 JFrame 

:

 4.3
, 

.
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 4.4  –  JautOGL
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:

 4.5  JautOGL  normal mode .

 4.6  JautOGL  far mode .
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 JautOGL 

,  100 . 

 2  500 fps  1  120 fps. 

(benchmarking) OpenglCore, 

display().

, 

 GeForce 

 OpenGL.

 4.7  JautOGL  driver mode .
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:

 4.8  JautOGL  1
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 4.9  JautOGL  2
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 4.10
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 4.11
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, 

. 

Java .nio 

. 

.

, 

OpenGL .

, 

. 

.

 OpenGL  OpenAL  Java 

, 

, 

  

 OpenGL  OpenAL 

 Java .

4.5  – 

 JautOGL , 

. 

. 
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.

. 

. 

 – :

1.  (  – ) 

. 

,  (map) 

Vector3D.

2.

init()

display() .

3. , 

 OpenAL 

,  Doppler 

 streaming  buffers 

.

4. , 

Sun  (JInput) 

 joysticks .
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5. , 

 1.

parser  Wavefront 

, , 

.

6. , 

 Java .nio 

 – 

.

7. , 

 extractors 

.

8.  JautOGL 

(collision detection system).  1

.

9.

, 

, 

.
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10. ,

, 

.

11.  JautOGL , 

, 

.

 JautOGL. 

.

 Java 

 –  JOGL  JOAL ,

.

 JautOGL 

.
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:  JautOGL

import java.awt.*;
import java.awt.event.*;
import javax.swing.*;
import net.java.games.jogl.*;

public class JautOGL {

    protected GameInteractivity exit;
    protected GameInteractivity begin;
    protected InputManager inputManager;

    //SYSTEM CHOOSES FROM THE ABOVE RESOLUTIONS
    private static final DisplayMode POSSIBLE_MODES[]={
        new DisplayMode(1280,1024,32,0),
        new DisplayMode(1280,1024,24,0),
        new DisplayMode(1280,1024,16,0),
        new DisplayMode(1024,768,32,0),
        new DisplayMode(1024,768,24,0),
        new DisplayMode(1024,768,16,0),
        new DisplayMode(800,600,32,0),
        new DisplayMode(800,600,24,0),
        new DisplayMode(800,600,16,0),
        new DisplayMode(640,480,32,0),
        new DisplayMode(640,480,24,0),
        new DisplayMode(640,480,16,0)
    };

    public boolean isRunning1=true;
    public boolean isRunning2=true;
    private ScreenManager screen;

    public static void main(String[] args) {

 System.out.println("***************************************
**************");

 System.out.println("***************************************
**************");
     System.out.println("*******************JautOGL
CLIENT********************");

 System.out.println("***************************************
**************");

 System.out.println("***************************************
**************\n\n\n");
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JautOGL.java



,  & ,
2006

166

        final JautOGL app = new JautOGL();
        app.run();

    }

    public void run(){
     screen=new ScreenManager();

        try{

            DisplayMode
displayMode=screen.findFirstCompatibleMode(POSSIBLE_MODES);
            logo image = new logo();
   image.setVisible(true);
            Window window=screen.getFullScreenWindow();
            inputManager=new InputManager(window);

            //WE ENTER THE GAME BY PRESSING THE ENTER
            begin=new GameInteractivity("begin",
GameInteractivity.DETECT_INITIAL_PRESS_ONLY);
            inputManager.mapToKey(begin, KeyEvent.VK_ENTER);
            while(isRunning1){
                 if(begin.isPressed()){
                  isRunning1=false;
                  screen.restoreScreen1();
                  screen.setFullScreen(displayMode);
                 }
            }
            Window window2=screen.getFullScreenWindow();
            inputManager=new InputManager(window2);

            //WE EXIT THE GAME BY PRESSING THE ESC
            exit=new GameInteractivity("exit",
GameInteractivity.DETECT_INITIAL_PRESS_ONLY);
            inputManager.mapToKey(exit, KeyEvent.VK_ESCAPE);
            while(isRunning2){
                 if(exit.isPressed()){
                  isRunning2=false;

                 }
            }
        }
        finally{
         screen.restoreScreen2();
        }
    }
}
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import java.awt.*;
import java.awt.event.*;
import java.util.List;
import java.util.ArrayList;
import javax.swing.SwingUtilities;

import net.java.games.jogl.*;

public class GameInteractivity {

    //MAPING MOUSE-KEYBOARD EVENTS
    public static final int NORMAL=0;
    public static final int DETECT_INITIAL_PRESS_ONLY=1;
    public static final int STATE_RELEASED=0;
    public static final int STATE_PRESSED=1;
    public static final int STATE_WAITING_FOR_RELEASE=2;

    private String name;
    private int behavior;
    private int amount;
    private int state;

    public GameInteractivity(String name) {
        this(name, NORMAL);
    }

    public GameInteractivity(String name, int behavior) {
        this.name = name;
        this.behavior = behavior;
        reset();
    }

    public String getName() {
        return name;
    }

    public void reset() {
        state = STATE_RELEASED;
        amount = 0;
    }

    public synchronized void tap() {
        press();
        release();
    }

    public synchronized void press() {
        press(1);
    }
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    public synchronized void press(int amount) {
        if (state != STATE_WAITING_FOR_RELEASE) {
            this.amount+=amount;
            state = STATE_PRESSED;
        }
    }

    public synchronized void release() {
        state = STATE_RELEASED;
    }

    public synchronized boolean isPressed() {
        return (getAmount() != 0);
    }

    public synchronized int getAmount() {
        int retVal = amount;
        if (retVal != 0) {
            if (state == STATE_RELEASED) {
                amount = 0;
            }
            else if (behavior == DETECT_INITIAL_PRESS_ONLY) {
                state = STATE_WAITING_FOR_RELEASE;
                amount = 0;
            }
        }
        return retVal;
    }
}
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import java.awt.*;
import java.awt.event.*;
import java.util.List;
import java.util.ArrayList;
import javax.swing.SwingUtilities;

import net.java.games.jogl.*;

public class InputManager implements KeyListener, MouseListener,
MouseMotionListener, MouseWheelListener{

    // INVISIBLE CURSOR
    public static final Cursor
INVISIBLE_CURSOR=Toolkit.getDefaultToolkit().createCustomCursor(
    Toolkit.getDefaultToolkit().getImage(""),new
Point(0,0),"invisible");

    //CREATE MOUSE CODES
    public static final int MOUSE_MOVE_LEFT=0;

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19

InputManager.java



:  JautOGL

,  & ,
2006

169

    public static final int MOUSE_MOVE_RIGHT=1;
    public static final int MOUSE_MOVE_UP=2;
    public static final int MOUSE_MOVE_DOWN=3;
    public static final int MOUSE_WHEEL_UP=4;
    public static final int MOUSE_WHEEL_DOWN=5;
    public static final int MOUSE_BUTTON_1=6;
    public static final int MOUSE_BUTTON_2=7;
    public static final int MOUSE_BUTTON_3=8;

    private static final int NUM_MOUSE_CODES=9;
    private static final int NUM_KEY_CODES=600;

    private GameInteractivity[] keyActions=new
GameInteractivity[NUM_KEY_CODES];
    private GameInteractivity[] mouseActions=new
GameInteractivity[NUM_MOUSE_CODES];

    private Point mouseLocation;
    private Point centerLocation;
    private Component comp;
    private Robot robot;
    private boolean isRecentering;

    public InputManager(Component comp) {
     this.comp = comp;
        mouseLocation = new Point();
        centerLocation = new Point();

        comp.addKeyListener(this);
        //comp.addMouseListener(this);
        //comp.addMouseMotionListener(this);
        //comp.addMouseWheelListener(this);

        // allow input of the TAB key and other keys normally
        // used for focus traversal
        comp.setFocusTraversalKeysEnabled(false);
    }

    public void setCursor(Cursor cursor) {
        comp.setCursor(cursor);
    }

    public void setRelativeMouseMode(boolean mode) {
        if (mode == isRelativeMouseMode()) {
            return;
        }

        if (mode) {
            try {
                robot = new Robot();
                recenterMouse();
            }
            catch (AWTException ex) {
                // couldn't create robot!
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                robot = null;
            }
        }
        else {
            robot = null;
        }
    }

    public boolean isRelativeMouseMode() {
        return (robot != null);
    }

    public void mapToKey(GameInteractivity gameAction, int
keyCode) {
        keyActions[keyCode] = gameAction;
    }

    public void mapToMouse(GameInteractivity gameAction,int
mouseCode){
        mouseActions[mouseCode] = gameAction;
    }

    public void clearMap(GameInteractivity gameAction) {
        for (int i=0; i<keyActions.length; i++) {
            if (keyActions[i] == gameAction) {
                keyActions[i] = null;
            }
        }

        for (int i=0; i<mouseActions.length; i++) {
            if (mouseActions[i] == gameAction) {
                mouseActions[i] = null;
            }
        }

        gameAction.reset();
    }

    public List getMaps(GameInteractivity gameCode) {
        ArrayList list = new ArrayList();

        for (int i=0; i<keyActions.length; i++) {
            if (keyActions[i] == gameCode) {
                list.add(getKeyName(i));
            }
        }

        for (int i=0; i<mouseActions.length; i++) {
            if (mouseActions[i] == gameCode) {
                list.add(getMouseName(i));
            }
        }
        return list;
    }
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    public void resetAllGameActions() {
        for (int i=0; i<keyActions.length; i++) {
            if (keyActions[i] != null) {
                keyActions[i].reset();
            }
        }

        for (int i=0; i<mouseActions.length; i++) {
            if (mouseActions[i] != null) {
                mouseActions[i].reset();
            }
        }
    }

    public static String getKeyName(int keyCode) {
        return KeyEvent.getKeyText(keyCode);
    }

    public static String getMouseName(int mouseCode) {
        switch (mouseCode) {
            case MOUSE_MOVE_LEFT: return "Mouse Left";
            case MOUSE_MOVE_RIGHT: return "Mouse Right";
            case MOUSE_MOVE_UP: return "Mouse Up";
            case MOUSE_MOVE_DOWN: return "Mouse Down";
            case MOUSE_WHEEL_UP: return "Mouse Wheel Up";
            case MOUSE_WHEEL_DOWN: return "Mouse Wheel Down";
            case MOUSE_BUTTON_1: return "Mouse Button 1";
            case MOUSE_BUTTON_2: return "Mouse Button 2";
            case MOUSE_BUTTON_3: return "Mouse Button 3";
            default: return "Unknown mouse code " + mouseCode;
        }
    }

    public int getMouseX() {
        return mouseLocation.x;
    }

    public int getMouseY() {
        return mouseLocation.y;
    }

    private synchronized void recenterMouse() {
        if (robot != null && comp.isShowing()) {
            centerLocation.x = comp.getWidth() / 2;
            centerLocation.y = comp.getHeight() / 2;
            SwingUtilities.convertPointToScreen(centerLocation,
                comp);
            isRecentering = true;
            robot.mouseMove(centerLocation.x, centerLocation.y);
        }
    }

    private GameInteractivity getKeyAction(KeyEvent e) {
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        int keyCode = e.getKeyCode();
        if (keyCode < keyActions.length) {
            return keyActions[keyCode];
        }
        else {
            return null;
        }
    }

    public static int getMouseButtonCode(MouseEvent e) {
         switch (e.getButton()) {
            case MouseEvent.BUTTON1:
                return MOUSE_BUTTON_1;
            case MouseEvent.BUTTON2:
                return MOUSE_BUTTON_2;
            case MouseEvent.BUTTON3:
                return MOUSE_BUTTON_3;
            default:
                return -1;
        }
    }

    private GameInteractivity getMouseButtonAction(MouseEvent e)
{
        int mouseCode = getMouseButtonCode(e);
        if (mouseCode != -1) {
             return mouseActions[mouseCode];
        }
        else {
             return null;
        }
    }

    public void keyPressed(KeyEvent e) {
        GameInteractivity gameAction = getKeyAction(e);
        if (gameAction != null) {
            gameAction.press();
        }

        e.consume();
    }

    public void keyReleased(KeyEvent e) {
        GameInteractivity gameAction = getKeyAction(e);
        if (gameAction != null) {
            gameAction.release();
        }

        e.consume();
    }

    public void keyTyped(KeyEvent e) {

        e.consume();
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    }

    public void mousePressed(MouseEvent e) {
        GameInteractivity gameAction = getMouseButtonAction(e);
        if (gameAction != null) {
            gameAction.press();
        }
    }

    public void mouseReleased(MouseEvent e) {
        GameInteractivity gameAction = getMouseButtonAction(e);
        if (gameAction != null) {
            gameAction.release();
        }
    }

    public void mouseClicked(MouseEvent e) {

    }

    public void mouseEntered(MouseEvent e) {
        mouseMoved(e);
    }

    public void mouseExited(MouseEvent e) {
        mouseMoved(e);
    }

    public void mouseDragged(MouseEvent e) {
        mouseMoved(e);
    }

    public synchronized void mouseMoved(MouseEvent e) {

        if (isRecentering &&
            centerLocation.x == e.getX() &&
            centerLocation.y == e.getY())
        {
            isRecentering = false;
        }
        else {
            int dx = e.getX() - mouseLocation.x;
            int dy = e.getY() - mouseLocation.y;
            mouseHelper(MOUSE_MOVE_LEFT, MOUSE_MOVE_RIGHT, dx);
            mouseHelper(MOUSE_MOVE_UP, MOUSE_MOVE_DOWN, dy);

            if (isRelativeMouseMode()) {
                recenterMouse();
            }
        }

        mouseLocation.x = e.getX();
        mouseLocation.y = e.getY();
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    }

    public void mouseWheelMoved(MouseWheelEvent e) {
        mouseHelper(MOUSE_WHEEL_UP, MOUSE_WHEEL_DOWN,
            e.getWheelRotation());
    }

    private void mouseHelper(int codeNeg, int codePos,int
amount){
        GameInteractivity gameAction;
        if (amount < 0) {
            gameAction = mouseActions[codeNeg];
        }
        else {
            gameAction = mouseActions[codePos];
        }
        if (gameAction != null) {
            gameAction.press(Math.abs(amount));
            gameAction.release();
        }
    }
}
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import java.io.*;
import java.util.ArrayList;
import java.util.StringTokenizer;
import net.java.games.jogl.*;
import net.java.games.jogl.util.*;

public class GLModel{

    private ArrayList vertexsets;
    private ArrayList vertexsetsnorms;
    private ArrayList vertexsetstexs;
    private ArrayList faces;
    private ArrayList facestexs;
    private ArrayList facesnorms;
    private ArrayList mattimings;
    private MtlLoader materials;
    private int objectlist;
    private int numpolys;
    public float toppoint;
    public float bottompoint;
    public float leftpoint;
    public float rightpoint;
    public float farpoint;
    public float nearpoint;
    private String mtl_path;
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 //THIS CLASS LOADS THE MODELS
    public GLModel(BufferedReader ref, boolean centerit, String
path, GL gl){

        mtl_path=path;
        vertexsets = new ArrayList();
        vertexsetsnorms = new ArrayList();
        vertexsetstexs = new ArrayList();
        faces = new ArrayList();
        facestexs = new ArrayList();
        facesnorms = new ArrayList();
        mattimings = new ArrayList();
        numpolys = 0;
        toppoint = 0.0F;
        bottompoint = 0.0F;
        leftpoint = 0.0F;
        rightpoint = 0.0F;
        farpoint = 0.0F;
        nearpoint = 0.0F;
        loadobject(ref);
        if(centerit)
            centerit();
        opengldrawtolist(gl);
        numpolys = faces.size();
        cleanup();
    }

    private void cleanup(){
        vertexsets.clear();
        vertexsetsnorms.clear();
        vertexsetstexs.clear();
        faces.clear();
        facestexs.clear();
        facesnorms.clear();
    }

    private void loadobject(BufferedReader br){
     int linecounter = 0;
     int facecounter = 0;
        try{
            boolean firstpass = true;
            String newline;
            while((newline = br.readLine()) != null){
               linecounter++;
                if(newline.length() > 0){
                    newline = newline.trim();

                    //LOADS VERTEX COORDINATES
                    if(newline.startsWith("v ")){
                        float coords[] = new float[4];
                        String coordstext[] = new String[4];
                        newline = newline.substring(2,
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newline.length());
                        StringTokenizer st = new
StringTokenizer(newline, " ");
                        for(int i = 0; st.hasMoreTokens(); i++)
                            coords[i] =
Float.parseFloat(st.nextToken());

                        if(firstpass){
                            rightpoint = coords[0];
                            leftpoint = coords[0];
                            toppoint = coords[1];
                            bottompoint = coords[1];
                            nearpoint = coords[2];
                            farpoint = coords[2];
                            firstpass = false;
                        }
                        if(coords[0] > rightpoint)
                            rightpoint = coords[0];
                        if(coords[0] < leftpoint)
                            leftpoint = coords[0];
                        if(coords[1] > toppoint)
                            toppoint = coords[1];
                        if(coords[1] < bottompoint)
                            bottompoint = coords[1];
                        if(coords[2] > nearpoint)
                            nearpoint = coords[2];
                        if(coords[2] < farpoint)
                            farpoint = coords[2];
                        vertexsets.add(coords);
                    }
                    else

                    //LOADS VERTEX TEXTURE COORDINATES
                    if(newline.startsWith("vt")){
                        float coords[] = new float[4];
                        String coordstext[] = new String[4];
                        newline = newline.substring(3,
newline.length());
                        StringTokenizer st = new
StringTokenizer(newline, " ");
                        for(int i = 0; st.hasMoreTokens(); i++)
                            coords[i] =
Float.parseFloat(st.nextToken());

                        vertexsetstexs.add(coords);
                    }
                    else

                    //LOADS VERTEX NORMALS COORDINATES
                    if(newline.startsWith("vn")){
                        float coords[] = new float[4];
                        String coordstext[] = new String[4];
                        newline = newline.substring(3,
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newline.length());
                        StringTokenizer st = new
StringTokenizer(newline, " ");
                        for(int i = 0; st.hasMoreTokens(); i++)
                            coords[i] =
Float.parseFloat(st.nextToken());

                        vertexsetsnorms.add(coords);
                    }
                    else

                    //LOADS FACES COORDINATES
                    if(newline.startsWith("f ")){
                     facecounter++;
                        newline = newline.substring(2,
newline.length());
                        StringTokenizer st = new
StringTokenizer(newline, " ");
                        int count = st.countTokens();
                        int v[] = new int[count];
                        int vt[] = new int[count];
                        int vn[] = new int[count];
                        for(int i = 0; i < count; i++){
                            char chars[] =
st.nextToken().toCharArray();
                            StringBuffer sb = new StringBuffer();
                            char lc = 'x';
                            for(int k = 0; k < chars.length;
k++){
                                if(chars[k] == '/' && lc == '/')
                                    sb.append('0');
                                lc = chars[k];
                                sb.append(lc);
                            }

                            StringTokenizer st2 = new
StringTokenizer
                            (sb.toString(), "/");
                            int num = st2.countTokens();
                            v[i] =
Integer.parseInt(st2.nextToken());
                            if(num > 1)
                                vt[i] =
Integer.parseInt(st2.nextToken());
                            else
                                vt[i] = 0;
                            if(num > 2)
                                vn[i] =
Integer.parseInt(st2.nextToken());
                            else
                                vn[i] = 0;
                        }
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                        faces.add(v);
                        facestexs.add(vt);
                        facesnorms.add(vn);
                    }
                    else

                    //LOADS MATERIALS
                    if (newline.charAt(0) == 'm' &&
newline.charAt(1) == 't' && newline.charAt(2) == 'l' &&
newline.charAt(3) == 'l' && newline.charAt(4) == 'i' &&
newline.charAt(5) == 'b') {
      String[] coordstext = new
String[3];
      coordstext =
newline.split("\\s+");
      if(mtl_path!=null)
       loadmaterials();
     }
     else

     //USES MATELIALS
     if (newline.charAt(0) == 'u' &&
newline.charAt(1) == 's' && newline.charAt(2) == 'e' &&
newline.charAt(3) == 'm' && newline.charAt(4) == 't' &&
newline.charAt(5) == 'l') {
      String[] coords = new
String[2];
      String[] coordstext = new
String[3];
      coordstext =
newline.split("\\s+");
      coords[0] = coordstext[1];
      coords[1] = facecounter + "";
      mattimings.add(coords);

 //System.out.println(coords[0] + ", " + coords[1]);
     }
                }
             }
        }
        catch(IOException e){
            System.out.println("Failed to read file: " +
br.toString());
        }
        catch(NumberFormatException e){
            System.out.println("Malformed OBJ file: " +
br.toString() + "\r \r"+ e.getMessage());
        }
    }

    private void loadmaterials() {
  FileReader frm;
  String refm = mtl_path;
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  try {
   frm = new FileReader(refm);
   BufferedReader brm = new BufferedReader(frm);
   materials = new MtlLoader(brm,mtl_path);
   frm.close();
  } catch (IOException e) {
   System.out.println("Could not open file: " +
refm);
   materials = null;
  }
 }

    private void centerit(){
        float xshift = (rightpoint - leftpoint) / 2.0F;
        float yshift = (toppoint - bottompoint) / 2.0F;
        float zshift = (nearpoint - farpoint) / 2.0F;
        for(int i = 0; i < vertexsets.size(); i++){
            float coords[] = new float[4];
            coords[0] = ((float[])vertexsets.get(i))[0] -
leftpoint - xshift;
            coords[1] = ((float[])vertexsets.get(i))[1] -
bottompoint - yshift;
            coords[2] = ((float[])vertexsets.get(i))[2] -
farpoint - zshift;
            vertexsets.set(i, coords);
        }

    }

    public float getXWidth(){
        float returnval = 0.0F;
        returnval = rightpoint - leftpoint;
        return returnval;
    }

    public float getYHeight(){
        float returnval = 0.0F;
        returnval = toppoint - bottompoint;
        return returnval;
    }

    public float getZDepth(){
        float returnval = 0.0F;
        returnval = nearpoint - farpoint;
        return returnval;
    }

    public int numpolygons(){
        return numpolys;
    }

    public void opengldrawtolist(GL gl){
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        ////////////////////////////////////////
  /// With Materials if available ////////
  ////////////////////////////////////////
  this.objectlist = gl.glGenLists(1);

  int nextmat = -1;
  int matcount = 0;
  int totalmats = mattimings.size();
  String[] nextmatnamearray = null;
  String nextmatname = null;

  if (totalmats > 0 && materials != null) {
   nextmatnamearray =
(String[])(mattimings.get(matcount));
   nextmatname = nextmatnamearray[0];
   nextmat =
Integer.parseInt(nextmatnamearray[1]);
  }

  gl.glNewList(objectlist,4864);
  for (int i=0;i<faces.size();i++) {
   if (i == nextmat) {
     gl.glEnable(GL.GL_COLOR_MATERIAL);

 gl.glColor4f((materials.getKd(nextmatname))[0],(materials.g
etKd(nextmatname))[1],(materials.getKd(nextmatname))[2],(material
s.getd(nextmatname)));
    matcount++;
    if (matcount < totalmats) {
     nextmatnamearray =
(String[])(mattimings.get(matcount));
     nextmatname = nextmatnamearray[0];
     nextmat =
Integer.parseInt(nextmatnamearray[1]);
    }
   }

   int[] tempfaces = (int[])(faces.get(i));
   int[] tempfacesnorms =
(int[])(facesnorms.get(i));
   int[] tempfacestexs =
(int[])(facestexs.get(i));

   //// Quad Begin Header ////
   int polytype;
   if (tempfaces.length == 3) {
    polytype = gl.GL_TRIANGLES;
   } else if (tempfaces.length == 4) {
    polytype = gl.GL_QUADS;
   } else {
    polytype = gl.GL_POLYGON;
   }
   gl.glBegin(polytype);
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   ////////////////////////////

   for (int w=0;w<tempfaces.length;w++) {
    if (tempfacesnorms[w] != 0) {
     float normtempx =
((float[])vertexsetsnorms.get(tempfacesnorms[w] - 1))[0];
     float normtempy =
((float[])vertexsetsnorms.get(tempfacesnorms[w] - 1))[1];
     float normtempz =
((float[])vertexsetsnorms.get(tempfacesnorms[w] - 1))[2];
     gl.glNormal3f(normtempx, normtempy,
normtempz);
    }

    if (tempfacestexs[w] != 0) {
     float textempx =
((float[])vertexsetstexs.get(tempfacestexs[w] - 1))[0];
     float textempy =
((float[])vertexsetstexs.get(tempfacestexs[w] - 1))[1];
     float textempz =
((float[])vertexsetstexs.get(tempfacestexs[w] - 1))[2];
     gl.glTexCoord3f(textempx,1f-
textempy,textempz);
    }

    float tempx =
((float[])vertexsets.get(tempfaces[w] - 1))[0];
    float tempy =
((float[])vertexsets.get(tempfaces[w] - 1))[1];
    float tempz =
((float[])vertexsets.get(tempfaces[w] - 1))[2];
    gl.glVertex3f(tempx,tempy,tempz);
   }

   //// Quad End Footer /////
   gl.glEnd();
   ///////////////////////////

  }
  gl.glEndList();
 }

    public void opengldraw(GL gl){
        gl.glCallList(objectlist);
        gl.glDisable(GL.GL_COLOR_MATERIAL);
    }
}
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import java.io.BufferedReader;
import java.io.IOException;
import java.util.ArrayList;

public class MtlLoader {

 public ArrayList Materials = new ArrayList();
 //private TextureLoader textureloader;

 public class mtl {
  public String name;
  public int mtlnum;
  public float d = 1f;
  public float[] Ka = new float[3];
  public float[] Kd = new float[3];
  public float[] Ks = new float[3];
  //public Texture texture = null;
 }

 public MtlLoader(BufferedReader ref, String pathtoimages) {
  //textureloader = new TextureLoader();
  loadobject(ref, pathtoimages);
  cleanup();
 }

 private void cleanup() {
 }

 public int getSize() {
  return Materials.size();
 }

 public float getd(String namepass) {
  float returnfloat = 1f;
  for (int i=0; i < Materials.size(); i++) {
   mtl tempmtl = (mtl)Materials.get(i);
   if (tempmtl.name.matches(namepass)) {
    returnfloat = tempmtl.d;
   }
  }
  return returnfloat;
 }

 public float[] getKa(String namepass) {
  float[] returnfloat = new float[3];
  for (int i=0; i < Materials.size(); i++) {
   mtl tempmtl = (mtl)Materials.get(i);
   if (tempmtl.name.matches(namepass)) {
    returnfloat = tempmtl.Ka;
   }
  }
  return returnfloat;
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 }

 public float[] getKd(String namepass) {
  float[] returnfloat = new float[3];
  for (int i=0; i < Materials.size(); i++) {
   mtl tempmtl = (mtl)Materials.get(i);
   if (tempmtl.name.matches(namepass)) {
    returnfloat = tempmtl.Kd;
   }
  }
  return returnfloat;
 }

 public float[] getKs(String namepass) {
  float[] returnfloat = new float[3];
  for (int i=0; i < Materials.size(); i++) {
   mtl tempmtl = (mtl)Materials.get(i);
   if (tempmtl.name.matches(namepass)) {
    returnfloat = tempmtl.Ks;
   }
  }
  return returnfloat;
 }

 /*public Texture getTexture(String namepass) {
  Texture returntex = null;
  for (int i=0; i < Materials.size(); i++) {
   mtl tempmtl = (mtl)(Materials.get(i));
   if (tempmtl.name.matches(namepass)) {
    returntex = tempmtl.texture;
   }
  }
  return returntex;
 }*/

 private void loadobject(BufferedReader br, String
pathtoimages) {
  int linecounter = 0;
  try {

   String newline;
   boolean firstpass = true;
   mtl matset = new mtl();
   int mtlcounter = 0;

   while (((newline = br.readLine()) != null)) {
    linecounter++;
    newline = newline.trim();
    if (newline.length() > 0) {
     if (newline.charAt(0) == 'n' &&
newline.charAt(1) == 'e' && newline.charAt(2) == 'w') {
      if (firstpass) {
       firstpass = false;
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      } else {
       Materials.add(matset);
       matset = new mtl();
      }
      String[] coordstext = new
String[2];
      coordstext =
newline.split("\\s+");
      matset.name = coordstext[1];
      matset.mtlnum = mtlcounter;
      mtlcounter++;
     }
     /*if (newline.charAt(0) == 'm' &&
newline.charAt(1) == 'a' && newline.charAt(2) == 'p' &&
newline.charAt(3) == '_' && newline.charAt(4) == 'K' &&
newline.charAt(5) == 'd') {
      String[] coordstext = new
String[2];
      coordstext =
newline.split("\\s+");
      matset.texture =
textureloader.getTexture(pathtoimages + coordstext[1],false);
     }*/
     if (newline.charAt(0) == 'K' &&
newline.charAt(1) == 'a') {
      float[] coords = new
float[3];
      String[] coordstext = new
String[4];
      coordstext =
newline.split("\\s+");
      for (int i = 1;i <
coordstext.length;i++) {
       coords[i-1] =
Float.valueOf(coordstext[i]).floatValue();
      }
      matset.Ka = coords;
     }
     if (newline.charAt(0) == 'K' &&
newline.charAt(1) == 'd') {
      float[] coords = new
float[3];
      String[] coordstext = new
String[4];
      coordstext =
newline.split("\\s+");
      for (int i = 1;i <
coordstext.length;i++) {
       coords[i-1] =
Float.valueOf(coordstext[i]).floatValue();
      }
      matset.Kd = coords;
     }
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     if (newline.charAt(0) == 'K' &&
newline.charAt(1) == 's') {
      float[] coords = new
float[3];
      String[] coordstext = new
String[4];
      coordstext =
newline.split("\\s+");
      for (int i = 1;i <
coordstext.length;i++) {
       coords[i-1] =
Float.valueOf(coordstext[i]).floatValue();
      }
      matset.Ks = coords;
     }
     if (newline.charAt(0) == 'd') {
      String[] coordstext =
newline.split("\\s+");
      matset.d =
Float.valueOf(coordstext[1]).floatValue();
     }
    }
   }
   Materials.add(matset);

  }
  catch (IOException e) {
   System.out.println("Failed to read file: " +
br.toString());
   e.printStackTrace();
   //System.exit(0);
  }
  catch (NumberFormatException e) {
   System.out.println("Malformed MTL (on line " +
linecounter + "): " + br.toString() + "\r \r" + e.getMessage());
   //System.exit(0);
  }
  catch (StringIndexOutOfBoundsException e) {
   System.out.println("Malformed MTL (on line " +
linecounter + "): " + br.toString() + "\r \r" + e.getMessage());
  }
 }
}
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import java.awt.*;
import java.awt.event.*;
import java.awt.image.*;
import java.awt.image.BufferStrategy;
import java.awt.image.BufferedImage;
import java.lang.reflect.InvocationTargetException;
import javax.swing.*;
import javax.swing.JFrame;
import net.java.games.jogl.*;

public class ScreenManager {

    private GraphicsDevice device;
    FPSAnimator animator;

    public ScreenManager() {
        GraphicsEnvironment environment =
            GraphicsEnvironment.getLocalGraphicsEnvironment();
        device = environment.getDefaultScreenDevice();
    }

    public DisplayMode[] getCompatibleDisplayModes() {
        return device.getDisplayModes();
    }

    //RETURNS THH COMPATIBLE RESOLUTIONS...
    public DisplayMode findFirstCompatibleMode(DisplayMode
modes[]){
        DisplayMode goodModes[] = device.getDisplayModes();
        for (int i = 0; i < modes.length; i++) {
            for (int j = 0; j < goodModes.length; j++) {
                if (displayModesMatch(modes[i], goodModes[j])) {
                    return modes[i];
                }
            }

        }
        return null;
    }

    public DisplayMode getCurrentDisplayMode() {
        return device.getDisplayMode();
    }

    //IT IS CALLED BY "findFirstCompatibleMode()"
    public boolean displayModesMatch(DisplayMode
mode1,DisplayMode mode2){
        if (mode1.getWidth() != mode2.getWidth()||
mode1.getHeight() != mode2.getHeight()){
            return false;
        }
        if (mode1.getBitDepth() != DisplayMode.BIT_DEPTH_MULTI &&
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            mode2.getBitDepth() != DisplayMode.BIT_DEPTH_MULTI &&
            mode1.getBitDepth() != mode2.getBitDepth())
        {
            return false;
        }
        if (mode1.getRefreshRate() !=
            DisplayMode.REFRESH_RATE_UNKNOWN &&
            mode2.getRefreshRate() !=
            DisplayMode.REFRESH_RATE_UNKNOWN &&
            mode1.getRefreshRate() != mode2.getRefreshRate())
         {
             return false;
         }
         return true;
    }

    //HERE GLCanvas IS JOINED WITH JFrame
    public void setFullScreen(DisplayMode displayMode) {
        GLCapabilities glcaps = new GLCapabilities();
        //glcaps.setHardwareAccelerated(true);
        //glcaps.setDoubleBuffered(true);
        GLCanvas glcanvas =
GLDrawableFactory.getFactory().createGLCanvas(glcaps);
        glcanvas.addGLEventListener(new OpenglCore());
        animator=new FPSAnimator(glcanvas,90);
        final JFrame frame = new JFrame();
        frame.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
        frame.setUndecorated(true);
        //frame.setIgnoreRepaint(true);
        frame.setResizable(false);
        frame.getContentPane().add(glcanvas);
        glcanvas.requestFocusInWindow();
        device.setFullScreenWindow(frame);
        SwingUtilities.invokeLater(new Runnable(){
            public void run(){
                frame.setVisible(true);
                animator.start();
            }}
        );
        //glcanvas.repaint();

        if (displayMode != null &&
            device.isDisplayChangeSupported())
        {
            try {
                device.setDisplayMode(displayMode);
            }
            catch (IllegalArgumentException ex) {
                System.out.println("ERROR");
            }
            // fix for mac os x
            frame.setSize(displayMode.getWidth(),
                displayMode.getHeight());
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        }
        // avoid potential deadlock in 1.4.1_02
        try {
            EventQueue.invokeAndWait(new Runnable() {
                public void run() {
                    frame.createBufferStrategy(2);
                }
            });
        }
        catch (InterruptedException ex) {
            // ignore
        }
        catch (InvocationTargetException  ex) {
            // ignore
        }
    }

    public Graphics2D getGraphics() {
        Window window = device.getFullScreenWindow();
        if (window != null) {
            BufferStrategy strategy = window.getBufferStrategy();
            return (Graphics2D)strategy.getDrawGraphics();
        }
        else {
            return null;
        }
    }
   //AVOID PAGE FLIPPING AND FLICKERING
    public void update() {
        Window window = device.getFullScreenWindow();
        if (window != null) {
            BufferStrategy strategy = window.getBufferStrategy();
            if (!strategy.contentsLost()) {
                strategy.show();
            }
        }
        // Sync the display on some systems.
        // (on Linux, this fixes event queue problems)
        Toolkit.getDefaultToolkit().sync();
    }

    public JFrame getFullScreenWindow() {
        return (JFrame)device.getFullScreenWindow();
    }

    public int getWidth() {
        Window window = device.getFullScreenWindow();
        if (window != null) {
            return window.getWidth();
        }
        else {
            return 0;
        }
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    }

    public int getHeight() {
        Window window = device.getFullScreenWindow();
        if (window != null) {
            return window.getHeight();
        }
        else {
            return 0;
        }
    }

 //RESTORES THE SCREEN OF THE MAIN OPENGL THREAD
    public void restoreScreen2() {
        animator.stop();
        Window window = device.getFullScreenWindow();
        //if (window != null) {
            window.dispose();
        //}
        device.setFullScreenWindow(null);
    }

    //RESTORES THE SCREEN OF THE INITIAL SCREEN
    public void restoreScreen1() {

        Window window = device.getFullScreenWindow();
        //if (window != null) {
            window.dispose();
        //}
        device.setFullScreenWindow(null);
    }

    public BufferedImage createCompatibleImage(int w, int h,int
transparancy){
        Window window = device.getFullScreenWindow();
        if (window != null) {
            GraphicsConfiguration gc =
                window.getGraphicsConfiguration();
            return gc.createCompatibleImage(w, h, transparancy);
        }
        return null;
    }
}
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import net.java.games.jogl.Animator;
import net.java.games.jogl.GLDrawable;
import net.java.games.jogl.GLException;
import net.java.games.jogl.*;

import java.util.Timer;
import java.util.TimerTask;

public class FPSAnimator extends Animator {
   private GLDrawable drawable;
   private RenderRunnable runnable = new RenderRunnable();
   private Thread thread;
   private boolean shouldStop;
   private long delay;
   private Timer renderTimer;
   //private ExceptionHandler exceptionHandler;

   public FPSAnimator(GLDrawable drawable, int fps) {
       this(drawable, fps, null);
   }

   /** Creates a new Animator for a particular drawable. */
   public FPSAnimator(GLDrawable drawable, int fps, Object obj) {
       super(drawable);
       //this.exceptionHandler = exceptionHandler;
       this.drawable = drawable;
       this.delay = 1000 / fps;
   }

   /** Starts this animator. */
   public synchronized void start() {
       if (thread != null) {
           throw new GLException("Already started");
       }
       thread = new Thread(runnable);
       thread.start();

       renderTimer = new Timer();
       renderTimer.schedule(new TimerTask() {
           public void run() {
               runnable.nextFrame();
           }
       }, 0, delay);
   }

   /** Stops this animator, blocking until the animation thread
has
    finished. */
    public synchronized void stop() {
       shouldStop = true;
       while (shouldStop && thread != null) {
           try {
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               wait();
           } catch (InterruptedException e) {
           }
           renderTimer.cancel();
       }
       shouldStop = false;
   }

   public boolean isFrameRateLimitEnabled() {
       return runnable.isFrameRateLimitEnabled();
   }

   public void setFrameRateLimitEnabled(boolean frameRateLimit) {
       runnable.setFrameRateLimitEnabled(frameRateLimit);
   }

   private class RenderRunnable implements Runnable {
       private boolean frameRateLimitEnabled = true;

       public boolean isFrameRateLimitEnabled() {
           return frameRateLimitEnabled;
       }

       public void setFrameRateLimitEnabled(boolean
frameRateLimit) {
           frameRateLimitEnabled = frameRateLimit;
           nextFrameSync();
       }

       public void nextFrame() {
           if (frameRateLimitEnabled)
               nextFrameSync();
       }

       private synchronized void nextFrameSync() {
           notify();
       }

       public void run() {

           boolean noException = false;
           try {

drawable.setRenderingThread(Thread.currentThread());
               drawable.setNoAutoRedrawMode(true);

               while (!shouldStop) {
                   noException = false;
                   drawable.display();
                   if (frameRateLimitEnabled) {
                       synchronized (this) {
                           if (frameRateLimitEnabled) {
                               try {
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                                   wait();
                               } catch (InterruptedException e) {
                               }
                           }
                       }
                   }
                   noException = true;
               }
           } catch (Exception e) {
               /*if (exceptionHandler != null)
                   exceptionHandler.handleException(e);*/
           } finally {
               shouldStop = false;
               drawable.setNoAutoRedrawMode(false);
               try {
                   if (noException) {
                       drawable.setRenderingThread(null);
                   }
               } finally {
                   synchronized (FPSAnimator.this) {
                       thread = null;
                       FPSAnimator.this.notify();
                   }
               }
           }
       }
   }
}
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import net.java.games.jogl.*;
import net.java.games.jogl.util.*;
import java.awt.*;
import java.awt.event.*;

import java.net.*;
import java.io.*;

import java.nio.*;
import java.nio.channels.*;
import java.util.*;

import net.java.games.joal.AL;
import net.java.games.joal.ALC;
import net.java.games.joal.ALFactory;
import net.java.games.joal.OpenALException;
import net.java.games.joal.util.ALut;

public class OpenglCore implements GLEventListener{

    //ANGLES OF THE 2 CARS IS SPACE
    float movement_angle;
    float movement_angle2;

    //USER INTERACTION
    protected GameInteractivity accelerator;
    protected GameInteractivity stopSounds;
    protected GameInteractivity turn_left;
    protected GameInteractivity turn_right;
    protected GameInteractivity back;
    protected GameInteractivity camera_change;

    protected InputManager inputManager;

    private ScreenManager screen;
    protected TextureManager texture_manager;

    //FORTOSI TON 2 CAR MODELS
    protected GLModel modello1;
    protected GLModel modello2;

    protected OpenalCore oal;

    protected NIOClient client;

    // CAMERA COORDINATES
    double x_eye;
    double y_eye;
    double z_eye;
    double x_at;
    double y_at;
    double z_at;
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    double x_up;
    double y_up;
    double z_up;

    //CAR 1 COORDINATES
    float car1_x;
    float car1_y;
    float car1_z;

    //CAR 2 COORDINATES
    float car2_x;
    float car2_y;
    float car2_z;

    //APOSTASI CAMERAS-AUTIKINITOU
    float dist_cam_car;

    //MAPPING CAMERA MODES
    int NEXT_CAMERA_MODE=1;
    static int NORMAL_MODE=0;
    static int DRIVER_MODE=1;
    static int FAR_MODE=2;

    boolean sound_move_play;
    boolean sound_stop_play;

    //FOR SOUNDS
    int move_return;
    int stop_return;

    //VARIABLES IN ORDER TO COUNT THE FPS
    public long startTime=0;
 public long endTime=0;

    //MAPPING OPPONENT EVENTS
    public static int FORWARD=1;
    public static int F_TURN_LEFT=2;
    public static int F_TURN_RIGHT=3;
    public static int BACKWARD=4;
    public static int B_TURN_LEFT=5;
    public static int B_TURN_RIGHT=6;

    //OPENGL INITIALISATION-HERE ARE CREATED THA GAME ATTRIBUTES
    public void init(GLDrawable drawable) {

        dist_cam_car=4.0f;

        x_eye=18;
        y_eye=0.5;
        z_eye=0;
        x_at=18;
        y_at=0.0;
        z_at=x_eye+20;
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        x_up=0;
        y_up=1;
        z_up=0;

        car1_x=18f;
        car1_y=-0.3f;
        car1_z=(float)z_eye+dist_cam_car;

        car2_x=22f;
        car2_y=-0.3f;
        car2_z=4.0f;

        movement_angle=(float)Math.PI/2;
        movement_angle2=(float)Math.PI/2;

        screen=new ScreenManager();
        Window window=screen.getFullScreenWindow();
        inputManager=new InputManager(window);

        client=new NIOClient();

        accelerator=new GameInteractivity("accelerator");
        inputManager.mapToKey(accelerator, KeyEvent.VK_UP);
        stopSounds=new GameInteractivity("stopSounds",
GameInteractivity.DETECT_INITIAL_PRESS_ONLY);
        inputManager.mapToKey(stopSounds, KeyEvent.VK_Z);
        back=new GameInteractivity("back");
        inputManager.mapToKey(back, KeyEvent.VK_DOWN);
        turn_left=new GameInteractivity("turn_left");
        inputManager.mapToKey(turn_left, KeyEvent.VK_LEFT);
        turn_right=new GameInteractivity("turn_right");
        inputManager.mapToKey(turn_right, KeyEvent.VK_RIGHT);
        camera_change=new GameInteractivity("camera_change",
GameInteractivity.DETECT_INITIAL_PRESS_ONLY);
        inputManager.mapToKey(camera_change, KeyEvent.VK_F1);

        GL gl = drawable.getGL();
        GLU glu = drawable.getGLU();

        gl.glMatrixMode(GL.GL_PROJECTION);
        gl.glLoadIdentity();

        double w = ((Component) drawable).getWidth();
        double h =  ((Component) drawable).getHeight();
        double aspect = w/h;

        glu.gluPerspective(60.0, aspect, 1.0, 10.0);

        texture_manager = TextureManager.getInstance( gl, glu );
        gl.glEnable( GL.GL_TEXTURE_2D );
        gl.glShadeModel( GL.GL_SMOOTH );
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//the paths of the models
String path1 = "models/formula.obj";
String path2 = "models/formula.obj";

        //HERE WE LOAD THE NEEDED TEXTURES FOR THE GROUND
try{

texture_manager.createManagedTexture("road",
"textures/roads/road.jpg", GL.GL_TEXTURE_2D, GL.GL_RGB,
GL.GL_RGB, GL.GL_LINEAR, GL.GL_LINEAR, true, true );

texture_manager.createManagedTexture("grass_limit_CORNER1",
"textures/roads/grass_corner_1.jpg", GL.GL_TEXTURE_2D, GL.GL_RGB,
GL.GL_RGB, GL.GL_LINEAR, GL.GL_LINEAR, true, true );

texture_manager.createManagedTexture("grass_limit_CORNER2",
"textures/roads/grass_corner_2.jpg", GL.GL_TEXTURE_2D, GL.GL_RGB,
GL.GL_RGB, GL.GL_LINEAR, GL.GL_LINEAR, true, true );

texture_manager.createManagedTexture("grass_limit_CORNER3",
"textures/roads/grass_corner_3.jpg", GL.GL_TEXTURE_2D, GL.GL_RGB,
GL.GL_RGB, GL.GL_LINEAR, GL.GL_LINEAR, true, true );

texture_manager.createManagedTexture("grass_limit_CORNER4",
"textures/roads/grass_corner_4.jpg", GL.GL_TEXTURE_2D, GL.GL_RGB,
GL.GL_RGB, GL.GL_LINEAR, GL.GL_LINEAR, true, true );

texture_manager.createManagedTexture("grass_limit_DOWN",
"textures/roads/grass_down.jpg", GL.GL_TEXTURE_2D, GL.GL_RGB,
GL.GL_RGB, GL.GL_LINEAR, GL.GL_LINEAR, true, true );
           texture_manager.createManagedTexture("grass_limit_UP",
"textures/roads/grass_up.jpg", GL.GL_TEXTURE_2D, GL.GL_RGB,
GL.GL_RGB, GL.GL_LINEAR, GL.GL_LINEAR, true, true );

texture_manager.createManagedTexture("grass_limit_LEFT",
"textures/roads/grass_left.jpg", GL.GL_TEXTURE_2D, GL.GL_RGB,
GL.GL_RGB, GL.GL_LINEAR, GL.GL_LINEAR, true, true );

texture_manager.createManagedTexture("grass_limit_RIGHT",
"textures/roads/grass_right.jpg", GL.GL_TEXTURE_2D, GL.GL_RGB,
GL.GL_RGB, GL.GL_LINEAR, GL.GL_LINEAR, true, true );
           texture_manager.createManagedTexture("road_CORNER1",
"textures/roads/road_direction_1.jpg", GL.GL_TEXTURE_2D,
GL.GL_RGB, GL.GL_RGB, GL.GL_LINEAR, GL.GL_LINEAR, true, true );
           texture_manager.createManagedTexture("road_CORNER2",
"textures/roads/road_direction_2.jpg", GL.GL_TEXTURE_2D,
GL.GL_RGB, GL.GL_RGB, GL.GL_LINEAR, GL.GL_LINEAR, true, true );
           texture_manager.createManagedTexture("road_CORNER3",
"textures/roads/road_direction_3.jpg", GL.GL_TEXTURE_2D,
GL.GL_RGB, GL.GL_RGB, GL.GL_LINEAR, GL.GL_LINEAR, true, true );
           texture_manager.createManagedTexture("road_CORNER4",
"textures/roads/road_direction_4.jpg", GL.GL_TEXTURE_2D,
GL.GL_RGB, GL.GL_RGB, GL.GL_LINEAR, GL.GL_LINEAR, true, true );
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           texture_manager.createManagedTexture("road_limit",
"textures/roads/road_limit.jpg", GL.GL_TEXTURE_2D, GL.GL_RGB,
GL.GL_RGB, GL.GL_LINEAR, GL.GL_LINEAR, true, true );

texture_manager.createManagedTexture("road_line_UP_DOWN",
"textures/roads/road122.jpg", GL.GL_TEXTURE_2D, GL.GL_RGB,
GL.GL_RGB, GL.GL_LINEAR, GL.GL_LINEAR, true, true );

texture_manager.createManagedTexture("road_line_RIGHT_LEFT",
"textures/roads/road12.jpg", GL.GL_TEXTURE_2D, GL.GL_RGB,
GL.GL_RGB, GL.GL_LINEAR, GL.GL_LINEAR, true, true );
           texture_manager.createManagedTexture("grass",
"textures/roads/grass.jpg", GL.GL_TEXTURE_2D, GL.GL_RGB,
GL.GL_RGB, GL.GL_LINEAR, GL.GL_LINEAR, true, true );

   FileInputStream r_path1 = new
FileInputStream(path1);
           BufferedReader b_read1 = new BufferedReader(new
InputStreamReader(r_path1));
           modello1 = new GLModel(b_read1, true,
"models/formula.mtl", gl);
           r_path1.close();
           b_read1.close();

           FileInputStream r_path2 = new FileInputStream(path2);
           BufferedReader b_read2 = new BufferedReader(new
InputStreamReader(r_path2));
           modello2 = new GLModel(b_read2, true,
"models/formula.mtl", gl);
           r_path2.close();
           b_read2.close();

}
catch( Exception e ){

           System.out.println("LOADING ERROR");
}

//SOUND ENGINE ITITIALISATION
oal=new OpenalCore();
try {

            if(oal.initOpenAL()== AL.AL_FALSE) {
                System.err.println("Could not initialize");
                System.exit(1);
            }
        } catch (OpenALException e) {
            e.printStackTrace();
            System.exit(1);
        }
        if(oal.loadALData()== AL.AL_FALSE) {
            System.exit(1);
        }
        oal.setListenerValues();

        move_return=oal.addSource(1);

212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264



,  & ,
2006

198

        stop_return=oal.addSource(0);
        sound_move_play=false;
        sound_stop_play=false;

        //IT SENDS A PACKET IN ORDER SERVER KNOWS THIS PLAYER
        client.send(1);
  }

  public void display(GLDrawable drawable) {

//AT THE BEGINING WE TAKE THE CURRENT
TIME IN NANOSECONDS(TO COUNT FPS)

startTime=System.nanoTime();

GL gl = drawable.getGL();
    GLU glu = drawable.getGLU();
    GLUT glut = new GLUT();
    gl.glMatrixMode(GL.GL_PROJECTION);
    gl.glLoadIdentity();

    //aspect=width/height
    //1280/1024=1.25
    //1280/800=1.6
    glu.gluPerspective(60.0,1.25,1,50);

    //ALTERNATIVE COMMAND
    //gl.glFrustum(-0.875, 0.875, -0.7, 0.7, 1.0, 50.0);

    gl.glMatrixMode(GL.GL_MODELVIEW);
    gl.glLoadIdentity();

    gl.glClearColor(0.0f, 0.0f, 0.0f, 1.0f);

//PUT THE CAMERA
    glu.gluLookAt(
                   x_eye, y_eye, z_eye,
                   x_at, y_at, z_at,
                   x_up, y_up, z_up
                  );

    //PUT THE LIGHTS
    float position[] = {0f, 15f, -30f, 0f};
    gl.glLightfv(GL.GL_LIGHT0, GL.GL_POSITION, position);

    float diffuse[] = {.7f, .7f, .7f, 0f};
    gl.glLightfv(GL.GL_LIGHT0, GL.GL_DIFFUSE, diffuse);

    float ambient[] = {.6f, .6f, .6f, 0f};
    gl.glLightfv(GL.GL_LIGHT0, GL.GL_AMBIENT, ambient);

    gl.glEnable(GL.GL_LIGHTING);
    gl.glEnable(GL.GL_LIGHT0);
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    gl.glEnable(GL.GL_DEPTH_TEST);

    gl.glClear(GL.GL_COLOR_BUFFER_BIT | GL.GL_DEPTH_BUFFER_BIT);

    gl.glEnable(GL.GL_COLOR_MATERIAL);
    gl.glColor4f(1.0f, 1.0f, 1.0f, 1.0f); //ALWAYS WHITE LIGHT

//***************************************************************
****
    draw_floor(gl);         //DRAW THE GROUND

//***************************************************************
****

    gl.glDisable(GL.GL_COLOR_MATERIAL);

    //*********POSITIONING THE CARS*********

    //***CAR1***
    gl.glPushMatrix();
    gl.glTranslatef(car1_x, car1_y, car1_z);
    gl.glScalef(0.0005F, 0.0005F, 0.0005F); //TOO BIG
    gl.glRotatef(-90.0f, 0.0F, 1.0F, 0.0F);

gl.glRotatef((float)Math.toDegrees(movement_angle),0.0f,1.0f,0.0f
);

    modello1.opengldraw(gl);
    gl.glPopMatrix();

    //***CAR2***
    gl.glPushMatrix();
    gl.glTranslated(car2_x, car2_y, car2_z);
    gl.glScalef(0.0005F, 0.0005F, 0.0005F); //TOO BIG
    gl.glRotatef(-90.0f, 0.0F, 1.0F, 0.0F);

gl.glRotatef((float)Math.toDegrees(movement_angle2),0.0f,1.0f,0.0
f);

    modello2.opengldraw(gl);
    gl.glPopMatrix();

    //******************END******************

//***************************************************************
***********

//***************************************************************
***********
    //GETING INFORMATION FRON THE SERVER
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    int k=client.receive();

//TRANSLATE THE INFORMATION ACCORDING
TO THE MAPPING
    switch(k){

 case 1:

car2_z=car2_z+(float)Math.sin(movemen
t_angle2)*(float)0.2;

  car2_x=car2_x-
(float)Math.cos(movement_angle2)*(float)0.2;

  break;
 case 2:
  movement_angle2+=Math.PI/18;

car2_z=car2_z+(float)Math.sin(movemen
t_angle2)*(float)0.2;

 car2_x=car2_x-
(float)Math.cos(movement_angle2)*(float)0.2;

  break;
 case 3:
  movement_angle2-=Math.PI/18;

car2_z=car2_z+(float)Math.sin(movement_angle2)*(float)0.2;
 car2_x=car2_x-

(float)Math.cos(movement_angle2)*(float)0.2;
  break;
 case 4:
  car2_z=car2_z-

(float)Math.sin(movement_angle2)*(float)0.2;

car2_x=car2_x+(float)Math.cos(movemen
t_angle2)*(float)0.2;

  break;
 case 5:
  movement_angle2-=Math.PI/18;
       car2_z=car2_z-

(float)Math.sin(movement_angle2)*(float)0.2;

car2_x=car2_x+(float)Math.cos(movemen
t_angle2)*(float)0.2;

  break;
 case 6:
  movement_angle2+=Math.PI/18;
  car2_z=car2_z-

(float)Math.sin(movement_angle2)*(float)0.2;

car2_x=car2_x+(float)Math.cos(movemen
t_angle2)*(float)0.2;

  break;
    }

//***************************************************************
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***********

//***************************************************************
***********

//***************************************************************
***********
    //*************************LOCAL PLAYER
INTERACTION*************************

//***************************************************************
***********
    if(accelerator.isPressed()){

client.send(FORWARD);

car1_z=car1_z+(float)Math.sin(movemen
t_angle)*(float)0.2;

car1_x=car1_x-
(float)Math.cos(movement_angle)*(float)0.2;

z_eye=car1_z-(float)Math.sin(Math.PI-
movement_angle)*(float)dist_cam_car;
        x_eye=car1_x-(float)Math.cos(Math.PI-
movement_angle)*(float)dist_cam_car;
        z_at=z_eye+(float)Math.sin(Math.PI-
movement_angle)*(float)24.0;
        x_at=x_eye+(float)Math.cos(Math.PI-
movement_angle)*(float)24.0;

    }

    if(back.isPressed()){
client.send(BACKWARD);
car1_z=car1_z-

(float)Math.sin(movement_angle)*(float)0.2;

car1_x=car1_x+(float)Math.cos(movemen
t_angle)*(float)0.2;

z_eye=car1_z-(float)Math.sin(Math.PI-
movement_angle)*(float)dist_cam_car;
        x_eye=car1_x-(float)Math.cos(Math.PI-
movement_angle)*(float)dist_cam_car;
        z_at=z_eye+(float)Math.sin(Math.PI-
movement_angle)*(float)24.0;
        x_at=x_eye+(float)Math.cos(Math.PI-
movement_angle)*(float)24.0;

    }

    if(back.isPressed()||accelerator.isPressed()){
if(sound_move_play==false){
 oal.stopSound(stop_return);
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 oal.playSound(move_return);
 sound_move_play=true;
 sound_stop_play=false;
}

    }
    else{

if(sound_stop_play==false){
 oal.stopSound(move_return);
 oal.playSound(stop_return);
 sound_move_play=false;
 sound_stop_play=true;
}

    }

    if(accelerator.isPressed()&&turn_left.isPressed()){
client.send(F_TURN_LEFT);
movement_angle+=Math.PI/18;

car1_z=car1_z+(float)Math.sin(movemen
t_angle)*(float)0.2;
        car1_x=car1_x-(float)Math.cos(movement_angle)*(float)0.2;
        z_eye=car1_z-(float)Math.sin(Math.PI-
movement_angle)*(float)dist_cam_car;
        x_eye=car1_x-(float)Math.cos(Math.PI-
movement_angle)*(float)dist_cam_car;
        z_at=z_eye+(float)Math.sin(Math.PI-
movement_angle)*(float)24.0;
        x_at=x_eye+(float)Math.cos(Math.PI-
movement_angle)*(float)24.0;
    }
    else{

if(accelerator.isPressed()&&turn_righ
t.isPressed()){

 client.send(F_TURN_RIGHT);
 movement_angle-=Math.PI/18;

car1_z=car1_z+(float)Math.sin(movement_angle)*(float)0.2;
car1_x=car1_x-

(float)Math.cos(movement_angle)*(float)0.2;
z_eye=car1_z-(float)Math.sin(Math.PI-

movement_angle)*(float)dist_cam_car;
x_eye=car1_x-(float)Math.cos(Math.PI-

movement_angle)*(float)dist_cam_car;
z_at=z_eye+(float)Math.sin(Math.PI-

movement_angle)*(float)24.0;
x_at=x_eye+(float)Math.cos(Math.PI-

movement_angle)*(float)24.0;
        }
    }

    if(back.isPressed()&&turn_left.isPressed()){
client.send(B_TURN_LEFT);
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movement_angle-=Math.PI/18;
car1_z=car1_z-

(float)Math.sin(movement_angle)*(float)0.2;
        car1_x=car1_x+(float)Math.cos(movement_angle)*(float)0.2;
        z_eye=car1_z-(float)Math.sin(Math.PI-
movement_angle)*(float)dist_cam_car;
        x_eye=car1_x-(float)Math.cos(Math.PI-
movement_angle)*(float)dist_cam_car;
        z_at=z_eye+(float)Math.sin(Math.PI-
movement_angle)*(float)24.0;
        x_at=x_eye+(float)Math.cos(Math.PI-
movement_angle)*(float)24.0;
     }
     else{

if(back.isPressed()&&turn_right.isPre
ssed()){

 client.send(B_TURN_RIGHT);
 movement_angle+=Math.PI/18;
 car1_z=car1_z-

(float)Math.sin(movement_angle)*(float)0.2;

car1_x=car1_x+(float)Math.cos(movemen
t_angle)*(float)0.2;

z_eye=car1_z-(float)Math.sin(Math.PI-
movement_angle)*(float)dist_cam_car;

x_eye=car1_x-(float)Math.cos(Math.PI-
movement_angle)*(float)dist_cam_car;

z_at=z_eye+(float)Math.sin(Math.PI-
movement_angle)*(float)24.0;

x_at=x_eye+(float)Math.cos(Math.PI-
movement_angle)*(float)24.0;
        }
    }

//***************************************************************
***********

//******************************END******************************
***********

//***************************************************************
***********

    //CAMERA CONTROL
    if(camera_change.isPressed()){

changeCamera(NEXT_CAMERA_MODE);
z_eye=car1_z-(float)Math.sin(Math.PI-

movement_angle)*(float)dist_cam_car;
        x_eye=car1_x-(float)Math.cos(Math.PI-
movement_angle)*(float)dist_cam_car;
        z_at=z_eye+(float)Math.sin(Math.PI-
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movement_angle)*(float)24.0;
        x_at=x_eye+(float)Math.cos(Math.PI-
movement_angle)*(float)24.0;

    }

    //STOPING THE SOUNDS
    if(stopSounds.isPressed()){

oal.killALData();
}

//CALCULATING AND PRINTING THE FPS
endTime=System.nanoTime();

    System.out.println("*** SYSTEM REACHES
"+(float)1000000000/(float)(endTime-startTime)+" FRAMES PER
SECOND ***");
  }

  public void reshape(GLDrawable drawable, int x, int y, int
width, int height) {

  }

  public void displayChanged(GLDrawable drawable, boolean
modeChanged, boolean deviceChanged) {

  }

  public void changeCamera(int mode){
switch(mode){
 case 0:
  y_eye=0.5;

  dist_cam_car=4.0f;
  NEXT_CAMERA_MODE=DRIVER_MODE;
  break;
 case 1:
  changeCamera(0);
  dist_cam_car=0.9f;
  NEXT_CAMERA_MODE=FAR_MODE;
  break;
 case 2:
  changeCamera(0);
  y_eye=y_eye+1.5;
 dist_cam_car=6.0f;
 NEXT_CAMERA_MODE=NORMAL_MODE;
  break;
}

  }

  private void draw_floor(GL gl) {

        //*************************************************
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        //*****************RIGHT***************************
        //*************************************************
        gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("grass");

        float fExtent = 8.0f;
float fStep = 2.0f;
float y = -1.0f;
float iStrip, iRun;
float s = 0.0f;
float t = 0.0f;
float texStep = 1.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = -fExtent; iStrip <
fExtent; iStrip += fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = fExtent; iRun >=-fExtent; iRun -= fStep){
                gl.glTexCoord2f(s, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip, y, iRun);

                gl.glTexCoord2f(s + texStep, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip + fStep, y, iRun);

                t += texStep;
             }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);
        //*************************************************

        gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("grass_li
mit_RIGHT");

        fExtent = 8.0f;
fStep = 2.0f;
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s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = -10; iStrip <-8; iStrip
+= fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = fExtent; iRun>= -fExtent; iRun -= fStep)
                {
                gl.glTexCoord2f(s, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip, y, iRun);

                gl.glTexCoord2f(s + texStep, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip + fStep, y, iRun);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //***************************************

        gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("road_lim
it");

        fExtent = 12.0f;
fStep = 2.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);
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gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = -12; iStrip <-10; iStrip
+= fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = fExtent; iRun>= -fExtent; iRun -= fStep)
                {
                gl.glTexCoord2f(s, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip, y, iRun);

                gl.glTexCoord2f(s + texStep, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip + fStep, y, iRun);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //***************************************

        gl.glEnable( GL.GL_TEXTURE_2D );
texture_manager.bindTexture("road");

        fExtent = 15.0f;
fStep = 3.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = -15; iStrip <-12; iStrip
+= fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);
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            for(iRun = fExtent; iRun>= -fExtent; iRun -= fStep)
                {
                gl.glTexCoord2f(s, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip, y, iRun);

                gl.glTexCoord2f(s + texStep, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip + fStep, y, iRun);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //***************************************

        gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("road_lin
e_RIGHT_LEFT");

        fExtent = 15.0f;
fStep = 6.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = -21; iStrip <-15; iStrip
+= fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = fExtent; iRun>= -fExtent; iRun -= fStep)
                {
                gl.glTexCoord2f(s, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip, y, iRun);

                gl.glTexCoord2f(s + texStep, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip + fStep, y, iRun);
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                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //***************************************

        gl.glEnable( GL.GL_TEXTURE_2D );
texture_manager.bindTexture("road");

        fExtent = 21.0f;
fStep = 3.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = -24; iStrip <-21; iStrip
+= fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = fExtent; iRun>= -fExtent; iRun -= fStep)
                {
                gl.glTexCoord2f(s, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip, y, iRun);

                gl.glTexCoord2f(s + texStep, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip + fStep, y, iRun);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //***************************************

        gl.glEnable( GL.GL_TEXTURE_2D );
texture_manager.bindTexture("road_lim
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it");

        fExtent = 25.0f;
fStep = 2.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = -26; iStrip <-24; iStrip
+= fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = fExtent; iRun>= -fExtent; iRun -= fStep)
                {
                gl.glTexCoord2f(s, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip, y, iRun);

                gl.glTexCoord2f(s + texStep, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip + fStep, y, iRun);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //*************************************************
        //*****************LEFT***************************
        //*************************************************

        gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("grass_li
mit_LEFT");

        fExtent = 8.0f;
fStep = 2.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
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GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = 8; iStrip <10; iStrip
+= fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = -fExtent; iRun<= fExtent; iRun += fStep)
                {
                gl.glTexCoord2f(s, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip, y, iRun);

                gl.glTexCoord2f(s + texStep, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip + fStep, y, iRun);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //***************************************

        gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("road_li
mit");

        fExtent = 12.0f;
fStep = 2.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = 10; iStrip <12; iStrip
+= fStep){
        t = 0.0f;

991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043



,  & ,
2006

212

        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = -fExtent; iRun<= fExtent; iRun += fStep)
                {
                gl.glTexCoord2f(s, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip, y, iRun);

                gl.glTexCoord2f(s + texStep, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip + fStep, y, iRun);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //***************************************

        gl.glEnable( GL.GL_TEXTURE_2D );
texture_manager.bindTexture("road");

        fExtent = 15.0f;
fStep = 3.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = 12; iStrip <15; iStrip
+= fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = -fExtent; iRun<= fExtent; iRun += fStep)
                {
                gl.glTexCoord2f(s, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip, y, iRun);

                gl.glTexCoord2f(s + texStep, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip + fStep, y, iRun);
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                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //***************************************

        gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("road_li
ne_RIGHT_LEFT");

        fExtent = 15.0f;
fStep = 6.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = 15; iStrip <21; iStrip
+= fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = -fExtent; iRun<= fExtent; iRun += fStep)
                {
                gl.glTexCoord2f(s, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip, y, iRun);

                gl.glTexCoord2f(s + texStep, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip + fStep, y, iRun);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //***************************************

        gl.glEnable( GL.GL_TEXTURE_2D );
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texture_manager.bindTexture("road");

        fExtent = 21.0f;
fStep = 3.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = 21; iStrip <24; iStrip
+= fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = -fExtent; iRun<= fExtent; iRun += fStep)
                {
                gl.glTexCoord2f(s, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip, y, iRun);

                gl.glTexCoord2f(s + texStep, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip + fStep, y, iRun);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //***************************************

        gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("road_li
mit");

        fExtent = 25.0f;
fStep = 2.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);
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GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);
gl.glTexParameterf(gl.GL_TEXTURE_2D,

gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);
gl.glTexParameterf(gl.GL_TEXTURE_2D,

gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = 24; iStrip <26; iStrip
+= fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = -fExtent; iRun<= fExtent; iRun += fStep)
                {
                gl.glTexCoord2f(s, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip, y, iRun);

                gl.glTexCoord2f(s + texStep, t);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iStrip + fStep, y, iRun);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //*************************************************
        //********************UP***************************
        //*************************************************

        gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("grass_l
imit_UP");

        fExtent = 8.0f;
fStep = 2.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = 8; iStrip <10; iStrip
+= fStep){
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        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = -fExtent; iRun<= fExtent; iRun += fStep)
                {
                gl.glTexCoord2f(t, s);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip);

                gl.glTexCoord2f(t, s + texStep);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip + fStep);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //***************************************

        gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("road_li
mit");

        fExtent = 12.0f;
fStep = 2.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = 10; iStrip <12; iStrip
+= fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = -fExtent; iRun<= fExtent; iRun += fStep)
                {
                gl.glTexCoord2f(t, s);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip);

                gl.glTexCoord2f(t, s + texStep);
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                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip + fStep);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //***************************************

        gl.glEnable( GL.GL_TEXTURE_2D );
texture_manager.bindTexture("road");

        fExtent = 12.0f;
fStep = 3.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = 12; iStrip <15; iStrip
+= fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = -fExtent; iRun<= fExtent; iRun += fStep)
                {
                gl.glTexCoord2f(t, s);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip);

                gl.glTexCoord2f(t, s + texStep);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip + fStep);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //***************************************
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        gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("road_li
ne_UP_DOWN");

        fExtent = 15.0f;
fStep = 6.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = 15; iStrip <21; iStrip
+= fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = -fExtent; iRun<= fExtent; iRun += fStep)
                {
                gl.glTexCoord2f(t, s);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip);

                gl.glTexCoord2f(t, s + texStep);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip + fStep);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //***************************************

        gl.glEnable( GL.GL_TEXTURE_2D );
texture_manager.bindTexture("road");

        fExtent = 24.0f;
fStep = 3.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
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        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = 21; iStrip <24; iStrip
+= fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = -fExtent; iRun<= fExtent; iRun += fStep)
                {
                gl.glTexCoord2f(t, s);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip);

                gl.glTexCoord2f(t, s + texStep);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip + fStep);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //***************************************

        gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("road_li
mit");

        fExtent = 25.0f;
fStep = 2.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = 24; iStrip <26; iStrip
+= fStep){
        t = 0.0f;
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        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = -fExtent; iRun<= fExtent; iRun += fStep)
                {
                gl.glTexCoord2f(t, s);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip);

                gl.glTexCoord2f(t, s + texStep);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip + fStep);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //*************************************************
        //********************DOWN*************************
        //*************************************************

        gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("grass_l
imit_DOWN");

        fExtent = 8.0f;
fStep = 2.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = -10; iStrip <-8; iStrip
+= fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = -fExtent; iRun<= fExtent; iRun += fStep)
                {
                gl.glTexCoord2f(t, s);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip);

1468
1469
1470
1471
1472
1473
1474
1475
1476
1477
1478
1479
1480
1481
1482
1483
1484
1485
1486
1487
1488
1489
1490
1491
1492
1493
1494
1495
1496
1497
1498
1499
1500
1501
1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
1512
1513
1514
1515
1516
1517
1518
1519
1520



:  JautOGL

,  & ,
2006

221

                gl.glTexCoord2f(t, s + texStep);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip + fStep);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //***************************************

        gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("road_li
mit");

        fExtent = 12.0f;
fStep = 2.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = -12; iStrip <-10;
iStrip += fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = -fExtent; iRun<= fExtent; iRun += fStep)
                {
                gl.glTexCoord2f(t, s);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip);

                gl.glTexCoord2f(t, s + texStep);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip + fStep);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);
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        //***************************************

        gl.glEnable( GL.GL_TEXTURE_2D );
texture_manager.bindTexture("road");

        fExtent = 15.0f;
fStep = 3.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = -15; iStrip <-12;
iStrip += fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = -fExtent; iRun<= fExtent; iRun += fStep)
                {
                gl.glTexCoord2f(t, s);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip);

                gl.glTexCoord2f(t, s + texStep);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip + fStep);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //***************************************

        gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("road_li
ne_UP_DOWN");

        fExtent = 15.0f;
fStep = 6.0f;
s = 0.0f;
t = 0.0f;
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gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = -21; iStrip <-15;
iStrip += fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = -fExtent; iRun<= fExtent; iRun += fStep)
                {
                gl.glTexCoord2f(t, s);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip);

                gl.glTexCoord2f(t, s + texStep);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip + fStep);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //***************************************

        gl.glEnable( GL.GL_TEXTURE_2D );
texture_manager.bindTexture("road");

        fExtent = 24.0f;
fStep = 3.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = -24; iStrip <-21;
iStrip += fStep){

1627
1628
1629
1630
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644
1645
1646
1647
1648
1649
1650
1651
1652
1653
1654
1655
1656
1657
1658
1659
1660
1661
1662
1663
1664
1665
1666
1667
1668
1669
1670
1671
1672
1673
1674
1675
1676
1677
1678
1679



,  & ,
2006

224

        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = -fExtent; iRun<= fExtent; iRun += fStep)
                {
                gl.glTexCoord2f(t, s);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip);

                gl.glTexCoord2f(t, s + texStep);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip + fStep);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //***************************************

        gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("road_li
mit");

        fExtent = 25.0f;
fStep = 2.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = -26; iStrip <-24;
iStrip += fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = -fExtent; iRun<= fExtent; iRun += fStep)
                {
                gl.glTexCoord2f(t, s);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip);

                gl.glTexCoord2f(t, s + texStep);
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                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip + fStep);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //*************************************************
        //****************GRASS_LIMIT_CORNERS**************
        //*************************************************

        gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("grass_l
imit_CORNER1");

        fStep = 2.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = -10; iStrip <-8; iStrip
+= fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = 8; iRun<= 10; iRun += fStep)
                {
                gl.glTexCoord2f(t, s);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip);

                gl.glTexCoord2f(t, s + texStep);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip + fStep);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);
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        //***************************************

       gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("grass_l
imit_CORNER2");

        fStep = 2.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = -10; iStrip <-8; iStrip
+= fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = -10; iRun<= -8; iRun += fStep)
                {
                gl.glTexCoord2f(t, s);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip);

                gl.glTexCoord2f(t, s + texStep);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip + fStep);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //***************************************

       gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("grass_l
imit_CORNER3");

        fStep = 2.0f;
s = 0.0f;
t = 0.0f;
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gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = 8; iStrip <10; iStrip
+= fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = -10; iRun<= -8; iRun += fStep)
                {
                gl.glTexCoord2f(t, s);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip);

                gl.glTexCoord2f(t, s + texStep);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip + fStep);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //***************************************

       gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("grass_l
imit_CORNER4");

        fStep = 2.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = 8; iStrip <10; iStrip
+= fStep){

1839
1840
1841
1842
1843
1844
1845
1846
1847
1848
1849
1850
1851
1852
1853
1854
1855
1856
1857
1858
1859
1860
1861
1862
1863
1864
1865
1866
1867
1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
1886
1887
1888
1889
1890
1891



,  & ,
2006

228

+= fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = 8; iRun<= 10; iRun += fStep)
                {
                gl.glTexCoord2f(t, s);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip);

                gl.glTexCoord2f(t, s + texStep);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip + fStep);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //*************************************************
        //****************ROAD_LIMIT_CORNERS**************
        //*************************************************

        gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("road_CO
RNER1");

        fStep = 3.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = -21; iStrip <-15;
iStrip += fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = -21; iRun<= -15; iRun += fStep)
                {
                gl.glTexCoord2f(t, s);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip);
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                gl.glTexCoord2f(t, s + texStep);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip + fStep);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

         //***************************************

gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("road_CO
RNER2");

        fStep = 3.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = 15; iStrip <21; iStrip
+= fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = 15; iRun<= 21; iRun += fStep)
                {
                gl.glTexCoord2f(t, s);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip);

                gl.glTexCoord2f(t, s + texStep);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip + fStep);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);
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        //***************************************

       gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("road_CO
RNER3");

        fStep = 3.0f;
s = 0.0f;
t = 0.0f;

gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = 15; iStrip <21; iStrip
+= fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = -21; iRun<= -15; iRun += fStep)
                {
                gl.glTexCoord2f(t, s);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip);

                gl.glTexCoord2f(t, s + texStep);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip + fStep);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

        //***************************************

       gl.glEnable( GL.GL_TEXTURE_2D );

texture_manager.bindTexture("road_CO
RNER4");

        fStep = 3.0f;
s = 0.0f;
t = 0.0f;
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gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MAG_FILTER, GL.GL_LINEAR);
        gl.glTexParameteri(gl.GL_TEXTURE_2D,
GL.GL_TEXTURE_MIN_FILTER, GL.GL_LINEAR_MIPMAP_LINEAR);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_S, gl.GL_REPEAT);

gl.glTexParameterf(gl.GL_TEXTURE_2D,
gl.GL_TEXTURE_WRAP_T, gl.GL_REPEAT);

for(iStrip = -21; iStrip <-15;
iStrip += fStep){
        t = 0.0f;
        gl.glBegin(gl.GL_TRIANGLE_STRIP);

            for(iRun = 15; iRun<= 21; iRun += fStep)
                {
                gl.glTexCoord2f(t, s);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip);

                gl.glTexCoord2f(t, s + texStep);
                gl.glNormal3f(0.0f, 1.0f, 0.0f);
                gl.glVertex3f(iRun, y, iStrip + fStep);

                t += texStep;
                }
        gl.glEnd();
        s += texStep;
        }
        gl.glDisable(GL.GL_TEXTURE_2D);

    }
}
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public class TextureFormatException extends Exception{
   public TextureFormatException(){
       super();
   }

   public TextureFormatException(String msg){
       super( msg );
   }
}
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import java.io.BufferedReader;
import java.io.IOException;
import java.io.InputStreamReader;
import java.nio.ByteBuffer;
import java.util.Iterator;
import java.util.Vector;

import net.java.games.joal.AL;
import net.java.games.joal.ALC;
import net.java.games.joal.ALFactory;
import net.java.games.joal.OpenALException;
import net.java.games.joal.util.ALut;

//OpenAL CLASS. DUE TO IT IS INSTANTIATED IN ANOTHER THREAD IT
EXTENDS THE CLASS THREAD
public class OpenalCore extends Thread{

    static ALC alc;
    static AL al;

 //These index the buffers.
    public static final int STOP_SOUND= 0;
    public static final int MOVE_SOUND= 1;
    public static final int NUM_BUFFERS =2;
    // Buffers hold sound data.
    static int[] buffers = new int[NUM_BUFFERS];

 //A vector list of sources for multiple emissions.
    static Vector sources = new Vector();

 //Position of the source sounds.
    static float[] sourcePos = { 0.0f, 0.0f, 0.0f };

 //Velocity of the source sounds.
    static float[] sourceVel = { 0.0f, 0.0f, 0.0f };

 //Position of the listener.
    static float[] listenerPos = { 0.0f, 0.0f, 0.0f };

 //Velocity of the listener.
    static float[] listenerVel = { 0.0f, 0.0f, 0.0f };

 //Orientation of the listener. (first 3 elements are "at",
second 3 are "up")
    static float[] listenerOri = { 0.0f, 0.0f, -1.0f, 0.0f, 1.0f,
0.0f };

    public int initOpenAL() throws OpenALException {
        alc = ALFactory.getALC();
        al = ALFactory.getAL();

        ALC.Device device;
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        ALC.Context context;
        String deviceSpecifier;
        String deviceName = "DirectSound3D";

        // Get handle to device.
        device = alc.alcOpenDevice(deviceName);

        // Get the device specifier.
        deviceSpecifier = alc.alcGetString(device,
ALC.ALC_DEVICE_SPECIFIER);

        System.out.println("Using device " + deviceSpecifier);

        // Create audio context.
        context = alc.alcCreateContext(device, null);

        // Set active context.
        alc.alcMakeContextCurrent(context);

        // Check for an error.
        if (alc.alcGetError(device) != ALC.ALC_NO_ERROR)
            return AL.AL_FALSE;

        return AL.AL_TRUE;
    }

    public void exitOpenAL() {
        ALC.Context curContext;
        ALC.Device curDevice;

        // Get the current context.
        curContext = alc.alcGetCurrentContext();

        // Get the device used by that context.
        curDevice = alc.alcGetContextsDevice(curContext);

        // Reset the current context to NULL.
        alc.alcMakeContextCurrent(null);

        // Release the context and the device.
        alc.alcDestroyContext(curContext);
        alc.alcCloseDevice(curDevice);
    }
    public int loadALData() {
        // Variables to load into.
        int[] format = new int[1];
        int[] size = new int[1];
        ByteBuffer[] data = new ByteBuffer[1];
        int[] freq = new int[1];
        int[] loop = new int[1];

        // Load wav data into buffers.
        al.alGenBuffers(NUM_BUFFERS, buffers);
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        if(al.alGetError() != AL.AL_NO_ERROR)
            return AL.AL_FALSE;

  //WE MODEL 2 SOUNDS.ONE WHEN CAR IS MOVING AND
ANOTHER ONE WHEN IT IS STOPPED
  ALut.alutLoadWAVFile("sounds/geardown.wav", format,
data, size, freq, loop);
        al.alBufferData(buffers[STOP_SOUND], format[0], data[0],
size[0], freq[0]);
        ALut.alutUnloadWAV(format[0], data[0], size[0], freq[0]);

        ALut.alutLoadWAVFile("sounds/accelaration.wav", format,
data, size, freq, loop);
        al.alBufferData(buffers[MOVE_SOUND], format[0], data[0],
size[0], freq[0]);
        ALut.alutUnloadWAV(format[0], data[0], size[0], freq[0]);

        // Do another error check and return.
        if (al.alGetError() != AL.AL_NO_ERROR)
            return AL.AL_FALSE;

        return AL.AL_TRUE;
    }

    public int addSource(int type) {

  int[] source = new int[1];
        al.alGenSources(1,source);

        if (al.alGetError() != AL.AL_NO_ERROR) {
            System.err.println("Error generating audio source.");
            System.exit(1);
        }

        al.alSourcei (source[0], AL.AL_BUFFER,buffers[type]);
        al.alSourcef (source[0], AL.AL_PITCH,1.0f);
        al.alSourcef (source[0], AL.AL_GAIN,1.0f);
        al.alSourcefv(source[0], AL.AL_POSITION,sourcePos);
        al.alSourcefv(source[0], AL.AL_VELOCITY,sourceVel);
        al.alSourcei (source[0], AL.AL_LOOPING,AL.AL_TRUE);

        //al.alSourcePlay(source[0]);

        sources.add(new Integer(source[0]));
        return source[0];
    }

    public void setListenerValues() {
        al.alListenerfv(AL.AL_POSITION,    listenerPos);
        al.alListenerfv(AL.AL_VELOCITY,    listenerVel);
        al.alListenerfv(AL.AL_ORIENTATION, listenerOri);
    }
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    public void killALData() {

        Iterator iter = sources.iterator();
        while(iter.hasNext()) {
            al.alDeleteSources(1, new int[] {
((Integer)iter.next()).intValue() });
        }
        sources.clear();
        al.alDeleteBuffers(NUM_BUFFERS, buffers);
        exitOpenAL();
     }

    public void pauseSound(int k){
     al.alSourcePause(k);
    }
    public void playSound(int k){
     al.alSourcePlay(k);
    }
 public void stopSound(int k){
     al.alSourceStop(k);
    }
}
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import net.java.games.jogl.GL;
import net.java.games.jogl.GLU;

import java.awt.image.BufferedImage;
import java.io.IOException;
import java.util.HashMap;
import java.util.Map;

public class TextureManager{

     private GL gl;
     private GLU glu;

     private Map textures = new HashMap();
     private TextureFactory textureFactory;

     private static TextureManager instance;

     protected TextureManager( GL gl, GLU glu ){
           this.gl = gl;
           this.glu = glu;
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           textureFactory = TextureFactory.getFactory( gl,
glu );
     }

     public static synchronized TextureManager getInstance( GL
gl, GLU glu ){
       if (instance == null){
           instance = new TextureManager( gl, glu );
       }
       return instance;
     }

     public void bindTexture( String name ){
           ((Texture)textures.get( name )).bind(gl);
     }

     public void updateTexture( String name, BufferedImage image
) throws TextureFormatException{
         textureFactory.updateTexture( (Texture)textures.get(
name ), image );
     }

    public void manageTexture( Texture texture ){
      textures.put( texture.getName(), texture );
     }

     public Texture createTexture(       String name,
                                   String resourceName,
                                   int target,
                                   int srcPixelFormat,
                                   int dstPixelFormat,
                                   int minFilter,
                                   int magFilter,
                                   boolean wrap,
                                   boolean mipmapped ) throws
IOException, TextureFormatException
    {
       return textureFactory.createTexture( name, resourceName,
target, srcPixelFormat,
                                     dstPixelFormat, minFilter,
magFilter, wrap, mipmapped );
    }

     public Texture createManagedTexture(       String name,
                                           String resourceName,
                                           int target,
                                           int srcPixelFormat,
                                           int dstPixelFormat,
                                           int minFilter,
                                           int magFilter,
                                           boolean wrap,
                                           boolean mipmapped )
throws IOException, TextureFormatException
    {
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    {
       Texture texture = textureFactory.createTexture( name,
resourceName, target, srcPixelFormat,

dstPixelFormat, minFilter, magFilter, wrap, mipmapped );

       manageTexture( texture );

       return texture;
    }

}
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import net.java.games.jogl.GL;
import net.java.games.jogl.GLU;

import javax.imageio.ImageIO;
import java.awt.image.BufferedImage;
import java.awt.image.DataBufferByte;
import java.awt.image.DataBufferInt;
import java.awt.image.AffineTransformOp;
import java.awt.geom.AffineTransform;
import java.io.File;
import java.io.IOException;
import java.nio.ByteBuffer;
import java.nio.ByteOrder;

public class TextureFactory{
 private static TextureFactory   instance;

 private GLU glu;
    private GL gl;

    protected TextureFactory( GL gl, GLU glu ){
       this.gl = gl;
       this.glu = glu;
   }

   public static synchronized TextureFactory getFactory( GL gl,
GLU glu ){
       if ( instance == null ){
           instance = new TextureFactory( gl, glu );
       }
       return instance;
   }
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   protected BufferedImage loadImage( String resourceName )
throws IOException{

       BufferedImage bufferedImage = ImageIO.read( new File(
resourceName ));

        // Flip Image
        //
        AffineTransform tx = AffineTransform.getScaleInstance(1,
-1);
        tx.translate(0, -bufferedImage.getHeight(null));
        AffineTransformOp op = new AffineTransformOp(tx,
AffineTransformOp.TYPE_NEAREST_NEIGHBOR);
        bufferedImage = op.filter(bufferedImage, null);

        return bufferedImage;
       //return  ImageIO.read(
getClass().getClassLoader().getResourceAsStream( resourceName ));
   }

   protected ByteBuffer convertImageData( BufferedImage
bufferedImage ) throws TextureFormatException{
       ByteBuffer imageBuffer = null;

       switch(bufferedImage.getType()){
           case BufferedImage.TYPE_3BYTE_BGR:

           case BufferedImage.TYPE_CUSTOM:
               {
                   byte[] data = ((DataBufferByte)
bufferedImage.getRaster().getDataBuffer()).getData();
                   imageBuffer = ByteBuffer.allocateDirect(
data.length );
                   imageBuffer.order(ByteOrder.nativeOrder());
                   imageBuffer.put( data, 0, data.length );
                   break;
               }

           case BufferedImage.TYPE_INT_RGB:
               {
                   int[] data = ((DataBufferInt)
bufferedImage.getRaster().getDataBuffer()).getData();
                   imageBuffer.order(ByteOrder.nativeOrder());
                   imageBuffer.asIntBuffer().put(data, 0,
data.length);
                   break;
               }

           default:
               throw new TextureFormatException("Unsupported
image type " + bufferedImage.getType() );
       }
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       return imageBuffer;
   }

   protected int createTextureID(){
       int[] tmp = new int[1];
       gl.glGenTextures(1, tmp);
       return tmp[0];
   }

    public Texture createTexture(  String name,
                                   String resourceName,
                                   int target,
                                   int srcPixelFormat,
                                   int dstPixelFormat,
                                   int minFilter,
                                   int magFilter,
                                   boolean wrap,
                                   boolean mipmapped ) throws
IOException, TextureFormatException
     {

         Texture texture = new Texture( name, target,
srcPixelFormat, dstPixelFormat, minFilter, magFilter, wrap,
mipmapped );

       // create the texture ID for this texture
       //
       int textureID = createTextureID();
       texture.setTextureID( textureID );

       // bind this texture
       //
       gl.glBindTexture(GL.GL_TEXTURE_2D, textureID );

       // load the buffered image for this resource - save a copy
to we can draw into it later
       //
       BufferedImage bufferedImage = loadImage( resourceName );
       texture.setBufferedImage( bufferedImage );

       // convert that image into a byte buffer of texture data
       //
       ByteBuffer textureBuffer = convertImageData( bufferedImage
);

       // set up the texture wrapping mode depending on whether
or not
       // this texture is specified for wrapping or not
       //
       int wrapMode = wrap ? GL.GL_REPEAT : GL.GL_CLAMP;
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       if (target == GL.GL_TEXTURE_2D){
         gl.glTexParameteri(target,
GL.GL_TEXTURE_WRAP_S, wrapMode);
            gl.glTexParameteri(target, GL.GL_TEXTURE_WRAP_T,
wrapMode);
            gl.glTexParameteri(target, GL.GL_TEXTURE_MIN_FILTER,
minFilter);
            gl.glTexParameteri(target, GL.GL_TEXTURE_MAG_FILTER,
magFilter);
       }

       // create either a series of mipmaps of a single texture
image based on what's loaded
       //
       if (mipmapped){

           glu.gluBuild2DMipmaps( target,
                                  dstPixelFormat,
                                  bufferedImage.getWidth(),
                                  bufferedImage.getHeight(),
                                  srcPixelFormat,
                                  GL.GL_UNSIGNED_BYTE,
                                  textureBuffer );
       }
       else{

           gl.glTexImage2D(target,
                         0,
                         dstPixelFormat,
                         bufferedImage.getWidth(),
                         bufferedImage.getHeight(),
                         0,
                         srcPixelFormat,
                         GL.GL_UNSIGNED_BYTE,
                         textureBuffer );
       }
           return texture;
   }

   public void updateTexture( Texture texture, BufferedImage
bufferedImage ) throws TextureFormatException{

       // bind this texture
       //
       gl.glBindTexture(GL.GL_TEXTURE_2D, texture.getTextureID()
);

       ByteBuffer textureBuffer = convertImageData( bufferedImage
);

       // create either a series of mipmaps of a single texture
image based on what's loaded
       //
       if (texture.isMipmapped()){
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       if (texture.isMipmapped()){
           glu.gluBuild2DMipmaps( texture.getTarget(),
                                  texture.getDstPixelFormat(),
                                  bufferedImage.getWidth(),
                                  bufferedImage.getHeight(),
                                  texture.getSrcPixelFormat(),
                                  GL.GL_UNSIGNED_BYTE,
                                  textureBuffer );
       }
       else{
           gl.glTexImage2D(texture.getTarget(),
                         0,
                         texture.getDstPixelFormat(),
                         bufferedImage.getWidth(),
                         bufferedImage.getHeight(),
                         0,
                         texture.getSrcPixelFormat(),
                         GL.GL_UNSIGNED_BYTE,
                         textureBuffer );
       }
  }

}
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import net.java.games.jogl.GL;

import java.awt.image.BufferedImage;

public class Texture{

   private String name;
   protected int width, height;
   protected int textureID;

   protected BufferedImage bufferedImage;
   protected int target;
   protected int srcPixelFormat;
   protected int dstPixelFormat;
   protected int minFilter;
   protected int magFilter;
   protected boolean wrap;
   protected boolean mipmapped;

   public Texture( String name, int target, int srcPixelFormat,
                         int dstPixelFormat, int minFilter, int
magFilter,
                     boolean wrap, boolean mipmapped){
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           this.name = name;
           this.target = target;
           this.srcPixelFormat = srcPixelFormat;
           this.dstPixelFormat = dstPixelFormat;
           this.minFilter = minFilter;
           this.magFilter = magFilter;
           this.wrap = wrap;
       this.mipmapped = mipmapped;
   }

   public String getName(){
          return name;
   }

   public void setName(String name){
         this.name = name;
   }

   public BufferedImage getBufferedImage(){
       return bufferedImage;
   }

   public void setBufferedImage(BufferedImage bufferedImage){
       this.bufferedImage = bufferedImage;
   }

   public int getWidth(){
         return width;
   }

   public void setWidth(int width){
         this.width = width;
   }

   public int getHeight(){
         return height;
   }

   public void setHeight(int height){
         this.height = height;
   }

   public int getTextureID(){
         return textureID;
   }

   public void setTextureID(int textureID){
         this.textureID = textureID;
   }

   public int getTarget(){
        return target;
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   }

   public void setTarget(int target){
        this.target = target;
   }

   public int getSrcPixelFormat(){
        return srcPixelFormat;
   }

   public void setSrcPixelFormat(int srcPixelFormat){
         this.srcPixelFormat = srcPixelFormat;
   }

   public int getDstPixelFormat(){
         return dstPixelFormat;
   }

   public void setDstPixelFormat(int dstPixelFormat){
         this.dstPixelFormat = dstPixelFormat;
   }

   public int getMinFilter(){
         return minFilter;
   }

   public void setMinFilter(int minFilter){
         this.minFilter = minFilter;
   }

   public int getMagFilter(){
         return magFilter;
   }

   public void setMagFilter(int magFilter){
         this.magFilter = magFilter;
   }

   public boolean isWrap(){
         return wrap;
   }

   public void setWrap(boolean wrap){
        this.wrap = wrap;
   }

   public boolean isMipmapped(){
      return mipmapped;
   }

   public void setMipmapped(boolean mipmapped){
       this.mipmapped = mipmapped;
   }
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    protected void bind( GL gl ){
           gl.glBindTexture( target, textureID );
     }

}
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import javax.swing.JFrame;
import java.awt.*;
import java.awt.event.*;
import java.awt.image.*;

//KLASI POU FORTONEI TO LOGO TOU GAME OS INTRO
public class logo extends JFrame {
  Image input = null;
    private GraphicsDevice device;
    MediaTracker m_t1;

 logo() {
  GraphicsEnvironment
environment=GraphicsEnvironment.getLocalGraphicsEnvironment();
        device = environment.getDefaultScreenDevice();
        m_t1 = new MediaTracker(this);
        input =
Toolkit.getDefaultToolkit().getImage("images/logo.jpg");
        m_t1.addImage(input, 0);

        try {
         m_t1.waitForID(0);
        }
        catch(InterruptedException e) {
         System.out.println(e);
        }

    this.setDefaultCloseOperation(JFrame.EXIT_ON_CLOSE);
        this.setUndecorated(true);
        //frame.setIgnoreRepaint(true);
        this.setResizable(false);
        device.setFullScreenWindow(this);
        addWindowListener(new WindowAdapter() {
      public void windowClosing(WindowEvent event) {
       dispose();
     System.exit(0);
      }
    });
 }
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 public void paint(Graphics g) {
  g.drawImage(input,0,0,this);
   }
}
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import java.net.*;
import java.io.*;
import java.nio.*;
import java.nio.channels.*;
import java.util.*;

public class NIOClient{
 public  final static int DEFAULT_PORT = 3011;
   int port = DEFAULT_PORT;

    SocketAddress remote;
    DatagramChannel channel;
    Selector selector;
    ByteBuffer buffer1;
    ByteBuffer buffer2;

 public NIOClient(){//88.218.49.63 MITSOU
      //192.168.0.3 LAPTOP
      //193.92.234.156 kitsios
      //"localhost"
  try{
   remote = new InetSocketAddress("192.168.0.3",
port);
   channel = DatagramChannel.open();
   channel.configureBlocking(false);
        channel.connect(remote);
        selector = Selector.open();
        channel.register(selector, SelectionKey.OP_READ
| SelectionKey.OP_WRITE);
        buffer1 = ByteBuffer.allocate(4);
        buffer2 = ByteBuffer.allocate(4);
  }
  catch (IOException ex) {
        System.err.println(ex);
     }
 }

 public void send(int command){
    try {
         selector.select(6000);
         Set readyKeys = selector.selectedKeys();
         Iterator iterator = readyKeys.iterator();
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         Iterator iterator = readyKeys.iterator();
            if (iterator.hasNext()) {
              SelectionKey key = (SelectionKey)
iterator.next();
              iterator.remove();
              if (key.isWritable()) {
               buffer1.clear();
               buffer1.putInt(command);
               buffer1.flip();
               channel.write(buffer1);
               System.out.print("***LOCAL PLAYER
");
               statistics(command);
              }
            }
        }
     catch (IOException ex) {
        System.err.println(ex);
     }
   }

   public int receive(){
    int r=0;
    try {
         selector.select(6000);
         Set readyKeys2 = selector.selectedKeys();
         Iterator iterator2 = readyKeys2.iterator();
            if (iterator2.hasNext()) {
              SelectionKey key2 = (SelectionKey)
iterator2.next();
              iterator2.remove();
              if (key2.isReadable()) {
                 buffer2.clear();
                 channel.read(buffer2);
                 buffer2.flip();
                 int command = buffer2.getInt();
                 System.out.print("***OPPONENT
PLAYER ");
                 statistics(command);
                 r=command;
              }

            }
        }
     catch (IOException ex) {
        System.err.println(ex);
     }
     return r;
   }
   //A METHOD FOR PRINTING SATISTICS
  public static void statistics(int comm){
   switch(comm){
      case 1:
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       System.out.println("is moving forward...***");
       break;
      case 2:
       System.out.println("is moving forward and
turning left...***");
       break;
      case 3:
       System.out.println("is moving forward and
turning right...***");
       break;
      case 4:
       System.out.println("is moving backward...***");
       break;
      case 5:
       System.out.println("is moving backward and
turning left...***");
       break;
      case 6:
       System.out.println("is moving backward and
turning right...***");
       break;
     }
   }
}
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import java.net.*;
import java.io.*;
import java.nio.*;
import java.nio.channels.*;

public class NIOServer {

  public final static int DEFAULT_PORT = 3011;
  public final static int MAX_PACKET_SIZE = 256;

  public static void main(String[] args) {

 System.out.println("***************************************
**************");

 System.out.println("***************************************
**************");
    System.out.println("*******************JautOGL
SERVER********************");

System.out.println("***************************************
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**************\n\n\n");

    int port = DEFAULT_PORT;

    try {
      DatagramChannel channel = DatagramChannel.open();
      DatagramSocket socket = channel.socket();
      SocketAddress address = new InetSocketAddress(port);
      socket.bind(address);
      ByteBuffer buffer =
ByteBuffer.allocateDirect(MAX_PACKET_SIZE);
      SocketAddress client1 = null;
      SocketAddress client2 = null;

      //GET THE ADDRESSES-INITIALISATION PHASE
      while(client1==null){
       client1 = channel.receive(buffer);
       buffer.flip();
       buffer.clear();
      }
      while(client2==null){
       client2 = channel.receive(buffer);
       buffer.flip();
       buffer.clear();
      }

      //SERVER NOW KNOWS THE TWO PLAYERS
      System.out.print("***PLAYER 1 IS:
"+client1.toString()+"***\n");
      System.out.println("***PLAYER 2 IS:
"+client2.toString()+"***\n\n");

      //MAIN LOOP-SERVER IS WORKING FOR THE PLAYERS
      while (true) {
        SocketAddress client = channel.receive(buffer);
        if(client.equals(client1)){
         buffer.flip();
         channel.send(buffer, client2);
         System.out.print("***PLAYER 1*** ");
         buffer.flip();
         int command = buffer.getInt();
         statistics(command);
         buffer.clear();
        }
        else{
         buffer.flip();
         channel.send(buffer, client1);
         System.out.print("***PLAYER 2*** ");
         buffer.flip();
         int command = buffer.getInt();
         statistics(command);
         buffer.clear();
        }
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    }
  }
  catch (IOException ex) {
      System.err.println(ex);
  }

 }

 //A METHOD FOR PRINTING SATISTICS
 public static void statistics(int comm){
  switch(comm){
     case 1:
      System.out.println("is moving forward...");
      break;
     case 2:
      System.out.println("is moving forward and turning
left...");
      break;
     case 3:
      System.out.println("is moving forward and turning
right...");
      break;
     case 4:
      System.out.println("is moving backward...");
      break;
     case 5:
      System.out.println("is moving backward and turning
left...");
      break;
     case 6:
      System.out.println("is moving backward and turning
right...");
      break;
    }
  }
}
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public class Vector3D implements Transformable {

    public float x;
    public float y;
    public float z;

    /**
        Creates a new Vector3D at (0,0,0).
    */
    public Vector3D() {
        this(0,0,0);
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    }

    /**
        Creates a new Vector3D with the same values as the
        specified Vector3D.
    */
    public Vector3D(Vector3D v) {
        this(v.x, v.y, v.z);
    }

    /**
        Creates a new Vector3D with the specified (x, y, z)
values.
    */
    public Vector3D(float x, float y, float z) {
        setTo(x, y, z);
    }

    /**
        Checks if this Vector3D is equal to the specified Object.
        They are equal only if the specified Object is a Vector3D
        and the two Vector3D's x, y, and z coordinates are equal.
    */
    public boolean equals(Object obj) {
        Vector3D v = (Vector3D)obj;
        return (v.x == x && v.y == y && v.z == z);
    }

    /**
        Checks if this Vector3D is equal to the specified
        x, y, and z coordinates.
    */
    public boolean equals(float x, float y, float z) {
        return (this.x == x && this.y == y && this.z == z);
    }

    /**
        Sets the vector to the same values as the specified
        Vector3D.
    */
    public void setTo(Vector3D v) {
        setTo(v.x, v.y, v.z);
    }

    /**
        Sets this vector to the specified (x, y, z) values.
    */
    public void setTo(float x, float y, float z) {
        this.x = x;
        this.y = y;
        this.z = z;
    }
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    /**
        Adds the specified (x, y, z) values to this vector.
    */
    public void add(float x, float y, float z) {
        this.x+=x;
        this.y+=y;
        this.z+=z;
    }

    /**
        Subtracts the specified (x, y, z) values to this vector.
        AFAIRESI
    */
    public void subtract(float x, float y, float z) {
        add(-x, -y, -z);
    }

    /**
        Adds the specified vector to this vector.
        PROSTHESI DIADISMATON
    */
    public void add(Vector3D v) {
        add(v.x, v.y, v.z);
    }

    /**
        Subtracts the specified vector from this vector.
        AFAIRESI DIANYSMATON
    */
    public void subtract(Vector3D v) {
        add(-v.x, -v.y, -v.z);
    }

    /**
        Multiplies this vector by the specified value. The new
        length of this vector will be length()*s.
        POLLAPLASIASMOS DIANYSMATOS ME ARITHMO
    */
    public void multiply(float s) {
       x*=s;
       y*=s;
       z*=s;
    }

    /**
        Divides this vector by the specified value. The new
        length of this vector will be length()/s.
        DIAIRESI DIANISMATOS ME ARITHMO
    */
    public void divide(float s) {
       x/=s;
       y/=s;
       z/=s;
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    }

    /**
        Returns the length of this vector as a float.
        EPISTROFI METRO DIANYSMATOS
    */
    public float length() {
        return (float)Math.sqrt(x*x + y*y + z*z);
    }

    /**
        Converts this Vector3D to a unit vector, or in other
        words, a vector of length 1. Same as calling
        v.divide(v.length()).
    */
    public void normalize() {
        divide(length());
    }

    /**
        Converts this Vector3D to a String representation.
    */
    public String toString() {
        return "(" + x + ", " + y + ", " + z + ")";
    }

    /**
        Rotate this vector around the x axis the specified
amount.
        The specified angle is in radians. Use Math.toRadians()
to
        convert from degrees to radians.
    */
    public void rotateX(float angle) {
        rotateX((float)Math.cos(angle), (float)Math.sin(angle));
    }

    /**
        Rotate this vector around the y axis the specified
amount.
        The specified angle is in radians. Use Math.toRadians()
to
        convert from degrees to radians.
    */
    public void rotateY(float angle) {
        rotateY((float)Math.cos(angle), (float)Math.sin(angle));
    }

    /**
        Rotate this vector around the z axis the specified
amount.
        The specified angle is in radians. Use Math.toRadians()
to
        convert from degrees to radians.
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        convert from degrees to radians.
    */
    public void rotateZ(float angle) {
        rotateZ((float)Math.cos(angle), (float)Math.sin(angle));
    }

    /**
        Rotate this vector around the x axis the specified
amount,
        using pre-computed cosine and sine values of the angle to
        rotate.
    */
    public void rotateX(float cosAngle, float sinAngle) {
        float newY = y*cosAngle - z*sinAngle;
        float newZ = y*sinAngle + z*cosAngle;
        y = newY;
        z = newZ;
    }

    /**
        Rotate this vector around the y axis the specified
amount,
        using pre-computed cosine and sine values of the angle to
        rotate.
    */
    public void rotateY(float cosAngle, float sinAngle) {
        float newX = z*sinAngle + x*cosAngle;
        float newZ = z*cosAngle - x*sinAngle;
        x = newX;
        z = newZ;
    }

    /**
        Rotate this vector around the y axis the specified
amount,
        using pre-computed cosine and sine values of the angle to
        rotate.
    */
    public void rotateZ(float cosAngle, float sinAngle) {
        float newX = x*cosAngle - y*sinAngle;
        float newY = x*sinAngle + y*cosAngle;
        x = newX;
        y = newY;
    }

    /**
        Adds the specified transform to this vector. This vector
        is first rotated, then translated.
    */
    public void add(Transform3D xform) {

        // rotate
        addRotation(xform);
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        // translate
        add(xform.getLocation());
    }

    /**
        Subtracts the specified transform to this vector. This
        vector translated, then rotated.
    */
    public void subtract(Transform3D xform) {

        // translate
        subtract(xform.getLocation());

        // rotate
        subtractRotation(xform);
    }

    /**
        Rotates this vector with the angle of the specified
        transform.
    */
    public void addRotation(Transform3D xform) {
        rotateX(xform.getCosAngleX(), xform.getSinAngleX());
        rotateZ(xform.getCosAngleZ(), xform.getSinAngleZ());
        rotateY(xform.getCosAngleY(), xform.getSinAngleY());
    }

    /**
        Rotates this vector with the opposite angle of the
        specified transform.
    */
    public void subtractRotation(Transform3D xform) {
        // note that sin(-x) == -sin(x) and cos(-x) == cos(x)
        rotateY(xform.getCosAngleY(), -xform.getSinAngleY());
        rotateZ(xform.getCosAngleZ(), -xform.getSinAngleZ());
        rotateX(xform.getCosAngleX(), -xform.getSinAngleX());
    }

    /**
        Returns the dot product of this vector and the specified
        vector.
    */
    public float getDotProduct(Vector3D v) {
        return x*v.x + y*v.y + z*v.z;
    }

    /**
        Sets this vector to the cross product of the two
        specified vectors. Either of the specified vectors can
        be this vector.
    */
    public void setToCrossProduct(Vector3D u, Vector3D v) {
        // assign to local vars first in case u or v is 'this'
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        float x = u.y * v.z - u.z * v.y;
        float y = u.z * v.x - u.x * v.z;
        float z = u.x * v.y - u.y * v.x;
        this.x = x;
        this.y = y;
        this.z = z;
    }
}
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public class Transform3D {

    protected Vector3D location;
    private float cosAngleX;
    private float sinAngleX;
    private float cosAngleY;
    private float sinAngleY;
    private float cosAngleZ;
    private float sinAngleZ;

    /**
        Creates a new Transform3D with no translation or
rotation.
    */
    public Transform3D() {
        this(0,0,0);
    }

    /**
        Creates a new Transform3D with the specified translation
        and no rotation.
    */
    public Transform3D(float x, float y, float z) {
        location = new Vector3D(x, y, z);
        setAngle(0,0,0);
    }

    /**
        Creates a new Transform3D
    */
    public Transform3D(Transform3D v) {
        location = new Vector3D();
        setTo(v);
    }

    public Object clone() {
        return new Transform3D(this);
    }
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    }

    /**
        Sets this Transform3D to the specified Transform3D.
    */
    public void setTo(Transform3D v) {
        location.setTo(v.location);
        this.cosAngleX = v.cosAngleX;
        this.sinAngleX = v.sinAngleX;
        this.cosAngleY = v.cosAngleY;
        this.sinAngleY = v.sinAngleY;
        this.cosAngleZ = v.cosAngleZ;
        this.sinAngleZ = v.sinAngleZ;
    }

    /**
        Gets the location (translation) of this transform.
    */
    public Vector3D getLocation() {
        return location;
    }

    public float getCosAngleX() {
        return cosAngleX;
    }

    public float getSinAngleX() {
        return sinAngleX;
    }

    public float getCosAngleY() {
        return cosAngleY;
    }

    public float getSinAngleY() {
        return sinAngleY;
    }

    public float getCosAngleZ() {
        return cosAngleZ;
    }

    public float getSinAngleZ() {
        return sinAngleZ;
    }

    public float getAngleX() {
        return (float)Math.atan2(sinAngleX, cosAngleX);
    }

    public float getAngleY() {
        return (float)Math.atan2(sinAngleY, cosAngleY);
    }
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    public float getAngleZ() {
        return (float)Math.atan2(sinAngleZ, cosAngleZ);
    }

    public void setAngleX(float angleX) {
        cosAngleX = (float)Math.cos(angleX);
        sinAngleX = (float)Math.sin(angleX);
    }

    public void setAngleY(float angleY) {
        cosAngleY = (float)Math.cos(angleY);
        sinAngleY = (float)Math.sin(angleY);
    }

    public void setAngleZ(float angleZ) {
        cosAngleZ = (float)Math.cos(angleZ);
        sinAngleZ = (float)Math.sin(angleZ);
    }

    public void setAngle(float angleX, float angleY, float
angleZ){
        setAngleX(angleX);
        setAngleY(angleY);
        setAngleZ(angleZ);
    }

    public void rotateAngleX(float angle) {
        if (angle != 0) {
            setAngleX(getAngleX() + angle);
        }
    }

    public void rotateAngleY(float angle) {
        if (angle != 0) {
            setAngleY(getAngleY() + angle);
        }
    }

    public void rotateAngleZ(float angle) {
        if (angle != 0) {
            setAngleZ(getAngleZ() + angle);
        }
    }

    public void rotateAngle(float angleX, float angleY,float
angleZ){
        rotateAngleX(angleX);
        rotateAngleY(angleY);
        rotateAngleZ(angleZ);
    }

}
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import net.java.games.jogl.*;
import net.java.games.jogl.util.*;

import javax.imageio.ImageIO;
import java.awt.image.BufferedImage;
import java.awt.image.DataBufferByte;
import java.awt.image.DataBufferInt;
import java.awt.image.AffineTransformOp;
import java.awt.geom.AffineTransform;
import java.io.File;
import java.io.IOException;
import java.nio.ByteBuffer;
import java.nio.ByteOrder;

public class TextureLoader {

 public void TextureLoader(){

 }

 int width;
 int height;
 ByteBuffer texture=null;

 public void load_image(String filename){

  try{

         BufferedImage bufferedImage = ImageIO.read(new
File(filename));

         // Flip Image
         //
         AffineTransform tx =
AffineTransform.getScaleInstance(1, -1);
         tx.translate(0, -bufferedImage.getHeight(null));
         AffineTransformOp op = new AffineTransformOp(tx,
AffineTransformOp.TYPE_NEAREST_NEIGHBOR);
         bufferedImage = op.filter(bufferedImage, null);

         ByteBuffer imageBuffer = null;
         byte[] data = ((DataBufferByte)
bufferedImage.getRaster().getDataBuffer()).getData();
         imageBuffer = ByteBuffer.allocateDirect(
data.length );
         imageBuffer.order(ByteOrder.nativeOrder());
         imageBuffer.put( data, 0, data.length );

         int imgWidth=bufferedImage.getWidth();
      int imgHeight=bufferedImage.getHeight();
   width=imgWidth;
   height=imgHeight;
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         /*switch(bufferedImage.getType()){
             case BufferedImage.TYPE_3BYTE_BGR:
                 {
                     byte[] data = ((DataBufferByte)
bufferedImage.getRaster().getDataBuffer()).getData();
                     imageBuffer =
ByteBuffer.allocateDirect( data.length );

 imageBuffer.order(ByteOrder.nativeOrder());
                     imageBuffer.put( data, 0,
data.length );
                     break;
                 }

            case BufferedImage.TYPE_INT_RGB:
                 {
                     int[] data = ((DataBufferInt)
bufferedImage.getRaster().getDataBuffer()).getData();

 imageBuffer.order(ByteOrder.nativeOrder());
                     imageBuffer.asIntBuffer().put(data,
0, data.length);
                     break;
                 }

             default:
                 throw new IOException("Unsupported image
type " + bufferedImage.getType() );
         }*/

      texture=imageBuffer;

       }
    catch(Exception e){
   System.out.println("TextureLoader ERROR");
   e.printStackTrace();
    }

 ///////////////////////////////////////////////////////////
///////
  /*
  try{
   InputStream
is=ClassLoader.getSystemResourceAsStream(filename);
   BufferedInputStream bis=new
BufferedInputStream(is);
   BufferedImage bi=ImageIO.read(bis);
   Raster r=bi.getRaster();
   DataBufferByte
dbi=(DataBufferByte)r.getDataBuffer();
   byte b[]=dbi.getData();
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   //ByteBuffer texture=null;
   int texture_size=b.length;

 texture=ByteBuffer.allocateDirect(texture_size);
   ByteOrder newOrder=ByteOrder.nativeOrder();
   texture.order(newOrder);
   texture.put(b,0,texture_size);

   int imgWidth=bi.getWidth();
   int imgHeight=bi.getHeight();
   width=imgWidth;
   height=imgHeight;
  }
  catch(Exception e){
   System.out.println("TextureLoader ERROR");
   e.printStackTrace();
  }*/

 }

 public void attach_texture(GLU glu){

 glu.gluBuild2DMipmaps(GL.GL_TEXTURE_2D,GL.GL_RGB8,width,hei
ght,GL.GL_RGB,GL.GL_UNSIGNED_BYTE,texture);

 }
}
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public interface Transformable {

    public void add(Vector3D u);

    public void subtract(Vector3D u);

    public void add(Transform3D xform);

    public void subtract(Transform3D xform);

    public void addRotation(Transform3D xform);

    public void subtractRotation(Transform3D xform);

}
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