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ID Software—Quake 4 (2005)
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TimeGate Studios—F.E.A.R. Extraction Point (2006) Valve—Half Life 2 (2006)
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How To Draw a Triangle, c. 1985

« Transform vertices to screen coordinates
« Find all the pixels covered by the triangle

« Fill all the pixels with the triangle’s color
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How To Draw a Triangle, c. 1988

Perform lighting calculations to find vertex colors

Transform vertices to screen coordinates

Find all the pixels covered by the triangle

Fill all unoccluded pixels with the interpolated vertex colors
and depth
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How To Draw a Triangle, c. 1992

Perform lighting calculations to find vertex colors

Transform vertices to screen coordinates

Find all the pixels covered by the triangle

+ Look up a texture map value

Fill all unoccluded pixels with a function of the texture and the
interpolated vertex colors, as well as the depth
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How To Draw a Triangle, c. 1999

Perform elaborate lighting calculations to find vertex colors

Transform vertices to screen coordinates

Find all the pixels covered by the triangle

« Look up a value from one or more 1D, 2D, or 3D texture maps

Fill all unoccluded pixels with a complicated, adjustable function
of the textures and the interpolated vertex colors, as well as the
depth
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Pixar’s RenderMan

How To Draw a Triangle in 2008

Execute a vertex program over all the vertices

Find all the pixels covered by the triangle

Execute a fragment program over all those pixels

Fill all unoccluded pixels with the resulting color and depth
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Developm ent Of H a rdwa re ca pa bi I ities 2007 ITRS Product Technology Trends -

Half-Pitch, Gate-Length
1000.0

. Before 1998
+ Workstation era

'85-'87: transform and render flat-shaded points, lines, polygons (no z buffer) ¢ DRAM M1 1/2 Pitch

'88-'91: transform, light, and render smooth shaded polygons MPU & DRAM M1

& Flash Poly O MPU M1 1/2 Pitch
T1X/I3YR (2.5-year cycle)

'92-: transform, light, and render texture-mapped, antialiased polygons e

+ PCera
'95-'98: render texture-mapped polygons

4 Flash Poly 1/2 Pitch

Flash Poly
T1XI2YR

'99-'00: transform, light, and render texture-mapped, antialiased polygons

o
o

X MPU Gate Length -
Printed

Product Half-Pitch, Gate-Length
(nm)

'01-'06: execute vertex and fragment shaders over antialiased polygons

'07-: execute geometry, vertex, and fragment shaders over antialiased polygons % MPUGate Length -

GLpriS= Physical
1.6818 x GLph
1.0
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Year of Production

buffer | =
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[International Technology Roadmap for Semiconductors 2007]

Nanotechnology (<100nm) Era Begins -1999 |

App | Vertex | Rasterize | Fragment Blend
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SGI RealityEngine Architecture (1992)

2007 ITRS Product Technology Trends -
Functions per Chip

X Flash Bits/Chip (Gbits)
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Geometry
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XXXAAA ogoumn Single-Level-Cell (SLC )

1.E+01

1.E+00

Product Functions/Chip
[ Giga (10*9) - bits, transistors ]

DRAM Bits/Chip (Gbits)

MPU GTransistors/Chip
- high-performance (hp)

MPU GTransistors/Chip
- cost-performanc (cp)

EWELIITIIL
il

raster memory board raster memory board

[International Technology Roadmap for Semiconductors 2007]

/ Average Industry
"Moores Law" :

display generator board \——>—> video

Figure 1. Board-level block diagram of an intermediate configu-
ration with 8 Geometry Engines on the geometry board, 2 raster
memory boards, and a display generator board.

95 2000 2005 2010 2015 2020 2025 2x Functions/chip Per 2 Years
l Year of Production J

2007 - 2022 ITRS Range
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SGI InfiniteReality Architecture (1996) NVIDIA GeForce 6 Architecture (2005)
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NVIDIA GeForce 8800 Architecture (2007) ATl Radeon HD 2900 Architecture (2007)
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[NVIDIA Corporation]
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