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RasterizerGeometryApplication Frame Buffer



ÅFixed pipeline processor

ïMore and more CISC style processors 

ïOpenGL API~= One instruction 

ÅProgrammable parallel processors 

ïScatter/Gather operations 

ïScatter:  Aout[B[i]]=Ain[i]

ïGather: Aout[i]=Ain[B[in]]

ïEnable GPGPU 



ÅFixed function stage:

ïFixed vertex stage: Cilp-space vertex 

computations, per-vertex normal, many other 

per-vertex operations (color material, texture 

coordinate, normal transformation) 

ïFixed fragment stage: many basic lighting 

models and effects etc. 

ÅProgrammable function pipeline 

ïCustom computations











ÅStart from straightforward mapping 

ÅEfficient Instruction mapping 

ïBetter compiler is good 

ÅRegister Bank issues 

ÅTexture cache access 

ïPrefetching

ÅMemory bandwidth 

ÅBetter optimizations to reduce the amount 

of computations,



ÅEfficient instruction packing 

ïSIMD issue width 

ÅMemory bandwidth saving 

ÅBetter optimizations to reduce the amount 

of computations, increasing parallelism 
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ÅGPU 

ïMany pipeline stages (400-600 stages)

ïMassive data parallelism 

ïMemory access patterns are regular 



ÅSort-first, sort-middle, sort-last fragment, sort-last image

ÅFG: Fragment generation

ïThe actual locations inside a primitive

ÅFM: Fragment merge  

ïMerge the results using Z-buffer 



Tomas Akenine-MŖller © 2002

ÅThe Z-buffer (aka depth buffer)

ÅIdea:

ïStore z (depth) at each pixel

ïWhen scan-converting a triangle, compute z 
at each pixel on triangle

ïCompare triangleôs z to Z-buffer z-value

ïIf triangleôs z is smaller, then replace Z-buffer 
and color buffer

ïElse do nothing

ÅCan render in any order



Z- value

Viewer 

Z-value: distance from the viewer 



ÅAlpha Blending is used to render translucent objects.

ÅThe pixelôs alpha component contains its opacity.

ÅRead-modify-write operation to the color framebuffer

ÅResult =  alpha * Src  +  (1-alpha) * Dst

25% 50% 75% 100%Opacity:

© David Kirk/NVIDIA and Wen- mei W. Hwu , 2007 ECE 498AL, UIUC

Opacity     25%            50%          75%      100% 



ÅXbox: unified memory architecture 

ÅXbox 360: hybrid 

ï CPU and GPU share the same bus and interface to the system 

memory (texture memory)

ïGPU-exclusive memory 

ÅPlaystation3: GPU dedicated memory 



ÅC-ROP performs frame buffer blending

ïCombinations of colors and transparency

ïAntialiasing

ïRead/Modify/Write the Color Buffer

ÅZ-ROP performs the Z operations

ïDetermine the visible pixels

ïDiscard the occluded pixels

ïRead/Modify/Write the Z-Buffer

ÅROP on GeForce also performs

ïñCoalescingò of transactions

ïZ-Buffer compression/decompression
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ÅPer pixel operation

ÅCompares reference value to pixelôs 

stencil buffer value

ÅSame spatial resolution as color and depth 

buffers

ÅUsually  8-bitsô

ÅUsed to hold vales related to elements 

being written into frame buffer 



Clear stencil to zero.

Draw floor polygon with stencil set to one.

Only draw reflection where stencil is one.

ezekiel.vancouver.wsu.edu/~cs442/lectures/shadow/stencil.ppt





Åembedded DRAM(eDRAM): frame buffers, 

Å10MB 

ÅDaughter chip: AZ: all alpha and Depth 

testing.
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Unified shader

Command processor:

reads commands from 

memory

64 vertices or pixels are 

operated together (SIMD)

32 vertex threads or 64 

pixel threads can be active 

24,576 registers 

ALI:16 small shader cores

32Kb texture cache 

Texture pipes: 16 bilinear 

filters per cycles   



ÅCommand processors: reads commands 

from memory

ÅVGT (Vertex grouper & tessellator): 

ïReceives a group of vertex indices 

ÅSequencer: schedule threads 

ÅShader export: (we need to use the shader

again!) FIFO for buffer 

ÅShader pipe interpolators

ÅBackend central Ą send data to daughter 

chip 



ÅPerforms merge operation

ÅGPU-AZ : bandwidth 32GB/s 

Å8 pixels * 4 samples can be sent per clock 

ïSample: 32bit color + lossless z-compression for depth 

Å16 pixels if only depth test

ÅAZ logic: alpha blending, stencil testing, depth 

testing 

ÅAZ-eDRAM: 256 GB/s



Video memory bandwidth is lower:



Modified version of 

GeForce 7800

8 vertex shader

1 Pre-T&L vertex  cache 

3 Post- T&L vertex caches 


