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Safety Critical- ' - OpenGL SC 1.0

Atargeted at safety -certified avionics and automotive displays
- minimum driver size and complexity
- DO-178B certification

Aworking group:
- Seaweed (now, Presagis )
- Barco
- ALT Software
- Diehl Aerospace
- Esmertec (now, Myriad Group)
- 3DLabs (now, ZiiLABS)
- Quantum3D
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Military & Avionics: the major market
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OpenGL SC 1.0

Aoriginally, OpenGL ES  Security Critical Profile
- started as a variation of OpenGL ES

Aspin out as OpenGL SC 1.0

Removes functionality not needed in
instrumentation displays: format
conversions and color manipulations,

== blending combinations etc.

CooGLES
Sl tore = @renGL(sC

Restores functionality used by
legacy and auto-generated
applications: e.g. display lists
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OpenGL SC features

Abased on OpenGL 1.3

Aextinguished features  (w.r.t . OpenGL ES)
- glBegin/ glEnd paradigm
- display support : a kind of script

Arecently,
X - OpenGL SC 1.0 conformance test suites
" - discussions on the next version (F2F meeting in this Oct.)
g; - OpenGL SC1.17

- OpenGL SC 2.0 ?
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Relationships

AOpenGL 1.3 A OpenGL ES 1.0
A OpenGL SC 1.0

AOpenGL 1.5 A OpenGLES 1.1

AOpenGL 2.0 + extra features
A OpenGLES 2.0

AOpenGL 3.x A OpenGL ES 3.0 ( Halti ) Expected
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DO-1/8B

ADO-178B, Software Considerations in Airborne Systems and Equipment
Certification
- from RTCA, Inc. (Radio Technical Commission for Aeronautics)
- FAA (Federal Aviation Administration)
- goal: guidance to determine if the software will perform safely and
reliably , in an airborne environment

Aalso known as ED -12B
- from EUROCAE (European Organization for Civil Aviation Equipment)
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DO-178B : software levels

ACatastrophic - Failure may cause a crash.
AHazardous - Failure has a large negative impact on safety or performance

AMajor - Failure is significant, but has a lesser impact than a Hazardous
failure

AMinor - Failure is noticeable, but has a lesser impact than a Major failure

ANo Effect - Failure has no impact on safety, aircraft operation, or crew
workload.
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DO-178B : process

Afrom Software Engineering point of view,
Alots of documents !

Aat Planning Stage,
- Plan for software aspects of certification (PSAC)
- Software development plan (SDP)
- Software verification plan (SVP)
- Software configuration management plan (SCMP)
- Software quality assurance plan (SQAP)
- System requirements
- Software requirements standards
- Software design standards (SDS)
- Software code standards (SCS)
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DO-178B : process

ADevelopment stage,
- Software requirements data (SRD)
- Software design description (SDD)
- Source code
- Executable object code

AVerification stage,
- Software verification cases and procedures (SVCP)
- Software verification results (SVR):
- Review of all requirements, design and code
- Testing of executable object code
- Code coverage analysis
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DO-178B : process

AConfiguration management
- Software configuration index (SCI)
- Software life cycle environment configuration index (SECI)

AQuality Assurance
- Software quality assurance records (SQAR)
- Software conformity review (SCR)
- Software accomplishment summary (SAS)
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OpenGL SC core features

AOpenGL SC core functions: totally 101 functions
- 32 functions are completely new features w.r.t. OpenGL ES

- glBegin/ glEnd paradigm
- glVertex functions

- display list support : a kind of script
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Core Addition

AOES single precision extension
- DepthRangef(clampf n, clampf f)
- Frustumf(float I, float r, float b, float t, float n, float f)
- Orthof(float I, float r, float b, float t, float n, float f)
- ClearDepthf(clampf depth)

- allowing float -type parameters , rather than double -type
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Required Extension

AEXT _paletted_texture
- color-indexed texture + color table (or, palette)

- need COLOR_INDEX8 EXT extension support for texturing functions
- need some extensions into the TexImage2D function

- ColorTableEXT
- - ColorSubTableEXT
05 - GetColorTableEXT
=>° - GetColorTableParameterivEXT

9
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Optional Extension

AEXT shared_texture palette
- several textures can share a single texture palette

- need some extensions to Enable, Disable,IsEnabled, GetBooleany GetFloaty,
GetlIntegerv functions

- ColorTableEXT
- - ColorSubTableEXT
05 - GetColorTableEXT
=>° - GetColorTableParameterivEXT

9
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Technical Issues

Anew implementations are needed for:
- required extension: EXT_paletted_texture
- optional extension: EXT_shared_texture_palette

Asince year 2004, there is no graphics card supporting the above extensions
- old NVIDIA chips such as GeForce5 series can support it.
- no ATI chips support it.

w . . . .
o; AConclusively, new implementations are required
<
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2.5 GL Errors

OpenGL 1.3 Safety-Critical
GetError (void) v
OpenGL 1.3 Safety-Critical
NO ERROR v

INVALID ENUM

INVALID VALUE

INVALID OPERATION

STACK OVEERFLOW

STACK UNDEERFLOW

N EVENENENEN

OUT OF MEMORY

NOS

TABLE TOO LARGE
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Geometric Primitives

AAIl geometric primitives are specified by vertices

o GL LINES E f ;
GL POINTS
- GL/POLYGO

GL_LINE_STRIP GL_LINE_LOOP

A I . 2N
GL_TRIANGLES ‘
GL_TRIANGLE_STRIP o/ OUNOS
GL_TRIANGLE_FAN GL_QUAD_STR
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2.6 Begin/End Paradigm

Adrawing primitives:
- points
- line segment, line strip, line loop
- triangle, triangle strip, triangle fan

OpenGL 1.3 Safety-Critical

Begin (enum mode)
mode = POINTS, LINES, LINE STRIFP, LINE LOOP '
mode = TRIANGLES, TRIANGLE STRIFP, TRIANGLE FAN v
mode = QUADS, QUAD STRIP, POLYGON —

End (void) v
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2.6 Begin/End'Paradigm

Astate machine approach
Anot supported in OpenGL ES

AglBegin ( GL_TRIANGLES );
- glColor4f( 1.0F, 0.5F, 0.5F, 1.0F );
- glVertex2f( 0.0F, 0.0F );
- glVertex2f( 1.0F, 0.0F );
- glVertex2f( 0.0F, 1.0F );

AglEnd ();
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2.7 Vertex Specification

Afloat version only

OpenGL 1.3

Safety-Critical

Vertex{23}f[v] (T coords) v
Vertex{234}{sid}[v] (T coords) —
Vertex4f[v] (T coords) —_
Normal3f[v] (T coords) v
Normal3 {bsid} [v] (T coords) -
TexCoord{1234}{sifd}[v] (T coords) -
m: MultiTexCoord2f[v] (enum texture, T coords) v
02 MultiTexCoord2 {sid}[v] (enum texture, T coords) -
z° MultiTexCoordl34{sifd}[v] (enum texture, T coords) -
‘ Color4{ffvub} (T components) v
O Colord4ubv (T components) -
0z Color4{bsid us uij[v] (T components) —
I Color3 {bsifd ub us i} [v] (T components) -

24
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2.8 Vertex Arrays

Afloat version only
Ano stride : always tightly packed arrays

OpenGL 1.3

Safety-Critical

VertexPointer (int size, enum type, sizel stride, const
void *ptr)
size = 2,3 type = FLOAT v
size = 4 tyvpe = FLOAT —
size = type = INT, SHORT, DOUBLE —
stride = 0 v
stride != 0 —
U): NormalPointer (enum type, sizel stride, const wvoid *ptr)
OO type = FLOAT v
o« type = BYTE,UNSIGNED BYTE, SHORT, UNSIGNED SHORT -
zO type = INT,UNSIGNED INT, DOUBLE -
stride = 0 v
stride !'= 0 —

HRCS
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2.8 Vertex Arrays

ADrawArrays, DrawElements : similar to OpenGL ES

OpenGL 1.3 Safety-Critical
DrawArrays (enum mode, int first, sizei count)
mode = POINTS, LINES,LINE STRIP,LINE LOOP v
mode = TRIANGLES, TRIANGLE STRIP, TRIANGLE FAN v
mode = QUADS, QUAD STRIP, POLYGON -

DrawElements (enum mode, sizei count, enum type, const
vold *indices)

NOS

mode = POINTS, LINES, LINE STRIP, LINE LOOP v’
mode = TEREIANGLES, TRIANGLE STRIFP, TRIANGLE FAN v
mode = QUADS, QUAD STRIP, POLYGON —
tyvpe = UNS IGNED BYTE, UNSIGNED INT v
type = UNSIGNED SHORT —
ClientActiveTexture (enum Texture) '
EnableClientState (enum cap) '
v

DisableClientState (enum cap)

. HR
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2.10 Coordinate Transformations
Acorresponds to OpenGL ES 1.1 features

OpenGL 1.3

Safetv-Critical

MatrixMMode (enum mode)
modse = MODELVIEW, PEOJECTION
mode = COLOER, TEXTUEREE

LoadMatrixf(float m[l1l&e])

LoadMatrixd ( double m[1e])

MultMatrixf (float m[l&])

MultMatrixd (doulbhle m[l1l&ae])

LoadTransposeMatrix{fd}; (T m[1l&])

MultTransposeMatrix{fd} (T m[1&] )

LoadIdentity (void)

Rotatef (flocat angle, flcocat =, fleocat v, L£locat =z)

| <

Rotated (double angle, double x, double vy, double =z)

Scalef(float x®x, float vy, Tfloat =z)

<

Scaled (double x®x, double vy, double =z)

Translatef(float =, float vy, float z)

Translated (double =, double vy, double z)
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2.10 Coordinate Transformations

Ano texture matrix

OpenGL 1.3

Safetv-Critical

NOS

DepthRange (clampd n, c<clampd £) &
Viewport (int x, int vy, sizei w, sizei h) v
Frustum (double 1, doubkble r, doukble b, doubls i, O
double n, double f£)
Ortho (double 1, doubkble r, double b, double t, double &
n, doublse I£)
ActiveTexiure (enum Texture) v
PushMatrix (void)
PROJECTION (2 deep) v
MODELVIEW (l& deep) v
TEXTURE —
PopMatrix (void) v
Enable /Disable (RESCALE NORMAL) v
Enable /Disable (NOEMALIZE) v
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2.13 Colorsand Coloring

Asingle material properties for front and back faces

OpenGL 1.3 Safety-Critical
FrontFace (2num mode) v
Enable /Disable (LTEHTING) v
Enable /Disable (LIGHT{O0—-1 }) v
Materialf[v] (enum face, enum pname, T param)
face = FRONT AND BACK v
face = FRONT, BACK —
pname = AMBIENT, DIFFUSE,
SPECULAR, EMISSION, SHININESS v
pname = AMBIENT AND DIFFUSE v
pname = COLOER_ INDEXES —

Materiali[v] (enum face, enum pname, T param) —

NOS

GetMaterialfv (enum face, enum pname, T *params)

pPpname = AMBIENT, DIFEFUSE,
SPECULAR, EMISSTON, SHININESS v
Pname = COLOR INDEXES —

GetMateriali[v] (enum face, enum pname, int *params) -

GetMaterialf (enum face, enum pname, float *params) -
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2.13 Colorsand Coloring

Aonly 2 lights

Ano spot light
OpenGL 1.3 Safety-Critical
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