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Goals

● Give an overview to GPU ISA

● Knowing which programs run faster than others

● Preparation to read the official documentation from 
AMD
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History

● R600 is the chip used in Radeon HD 2000/3000 cards 
and FireGL 2007 series

● Introduced unified shader architecture for PC

● Consider R600 as a massive multicore CPU where each 
core has massive hyper threading

Source: http://en.wikipedia.org/wiki/Radeon_R600
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Block diagram of the R600 processor

Source: http://developer.amd.com/sdks/AMDAPPSDK/assets/AMD_Evergreen-Family_Instruction_Set_Architecture.pdf
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Concepts

● Command Processor (CP)

● Ring buffer

● Indirect buffer 0

● Indirect buffer 1
● Pipelines

● Vertices

● Geometry

● Fragments
● Wavefronts

● 64 threads run with the same program counter

● Control flow contains loop instructions

● Each thread has it's own data and ALU

● IF/ELSE with execution mask
● Memory access from shaders

● Vertex fetch (Buffers)

● Texture fetch (Textures)

● RAT (available since r800)
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Program Types

● Vertex Shader

● Geometry Shader

● DMA Copy

● Pixel Shader

● New to r800:

● Compute Shaders
● Hull Shader
● Domain Shader
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Thread Organization

● 'The R600 processor hides memory latency by keeping 
track of potentially hundreds of threads in different 
stages of execution, and by overlapping compute 
operations with memory-access operations.' (source: 
r600isa.pdf)

● Thread state consists of

● GPRs
● CRs
● Temp registers for ALU, VTX and TX clauses
● Execution mask
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Control Flow Programs

● One instruction: 64 bits

● Call ALU clauses (ALU), texture fetch clauses and vertex fetch clauses (VTX)

● import and export data

● Functions to emit vertices, primitives and such

● Write and read on ring buffers, scratch buffers, reduction buffers, stream buffers

● Loops with LOOP_BEGIN, LOOP_BREAK, LOOP_CONTINUE and LOOP_END and a 
loop count (can be nested)

● PUSH, POP, ELSE, JUMP

● Manipulate execution mask
● Execution mask can predicate instruction execution
● JUMPs speed up the program: they can skip instructions when all 

threads are have a certain flag in the execution mask
● Subprograms with CALL and RETURN

● END_OF_PROGRAM
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Source: http://developer.amd.com/sdks/AMDAPPSDK/assets/AMD_Evergreen-Family_Instruction_Set_Architecture.pdf
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ALU Clauses
● Up to 5 slots (X, Y, Z, W, Trans)

● Transcendent slot can perform more complex operations

● 0, 2 or 4 literals

● 64 bits per instruction

● Can access 128 GPRs and 256 constants

● Call from CF with ALU or PRED_ALU
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Data layout of ALU instructions

● Source selection flags

● Read from GPR
● Read from constant bank
● Read a previous result
● Load a literal constant
● Load float 0.0, 0.5 or 1.0
● Load integer -1, 0, 1
● Set ABS and/or NEG bit

● Destination GPR

● Instruction

● Output modifier

● CLAMP bits

Source: http://x.org/docs/AMD/r600isa.pdf
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Source: http://x.org/docs/AMD/r600isa.pdf
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ALU Instructions

● ADD_INT, AND_INT, MUL, MUL_IEEE, MULADD, MULADD_D2, MULADD_D4, 
MULADD_IEEE_D2

● MOV, CMOV??_INT, PRED_SET??_INT, SET??_INT, CMOV??, PRED_SET??, SET??

● MIN, MAX, TRUNC, CEIL

● Restricted to XYZW (no Trans)

● DOT4, DOT4_IEEE, MAX4
● Restricted to Trans unit

● ASHR_INT, INT_TO_FLT, MULLO_INT, MULHI_INT, RECIP_UINT
● SIN, COS, EXP_IEEE, LOG_CLAMPED, LOG_IEEE
● RECIP_IEEE, RECIP_FF, RECIP_CLAMPED
● MUL_LIT_D2, MUL_LIT_D4
● RECIPSQRT_CLAMPED, RECIPSQRT_FF, RECIPSQRT_IEEE
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Texture Fetch Clauses

Source: http://x.org/docs/AMD/r600isa.pdf
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Consequences to the compiler developer

● CF

● Turn if/else instructions to execution mask operations
● Turn while, do..loop and jumps into LOOP_*
● Find instructions to skip with JUMP

● ALU

● Try to fill all 5 ALU slots
● Obvserve all restrictions
● Vectorize 4 threads into one

● Memory

● Find the right (=fastest) buffer type
● Write cache friendly programs
● Safe memory accessing instructions
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