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Overview

What is the difference between a GPU and a CPU?

What is the programming model for graphics 
– How do 20,000 people easily write high performance 

parallel code?

Where does this compiler fit?

I
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ATI WhiteOut Demo [2007]

GPU machine model

All the images in this talk were  rendered from real-time demos. 
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Chip Design Focus Point

CPUCPU

Lots of instructions little data 
– Out of order exec 
– Branch prediction

Reuse and locality

Task parallel

Needs OS

Complex sync

Latency machines

GPUGPU

Few instructions lots of data
– SIMD
– Hardware threading

Little reuse

Data parallel

No OS

Simple sync

Throughput machines

The main difference is that gpu’s use multi-threading to tolerate latency, each time 
you wait for a read, just start another thread,  This works if there are lots of threads
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Performance is King

Cinematic world: Pixar uses 100,000 min of compute per 
min of image

Blinn's Law (the flip side of 
Moore's Law): 

– Time per frame is 
~constant

– Audience expectation of 
quality per frame is higher 
every year! 

– Expectation of quality increases 
with compute increases

GPUs are real time – 1 min of compute per min of image
so users want 100,000 times faster machines

Cars. Courtesy of Pixar Animation Studios

100,000 times faster for current pixar results, more needed next year
In entertainment-related computer graphics business, the amount of time that it takes to 
compute one frame is constant over time. The reason is that audience expectation 
increases at the same rate as computer power. 
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GPU vs. CPU performance

thread:

// load
r1 = load (index)
// series of  adds
r1 = r1 + r1
r1 = r1 + r1
…

Run  lots of threads

Can you get peak performance/multi-core/cluster? 
Peak performance = do float ops every cycle

This simple program is supposed to show a case where the gpu is much better then 
the cpu
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Typical CPU Operation 

Fetch 
Alu 

Wait for memory, gaps prevent peak performance
Gap size varies dynamically
Hard to tolerate latency 

One iteration at a time
Single CPU unit 
Cannot reach 100%

Hard to prefetch data
Multi-core does not help
Cluster does not help
Limited number of outstanding
fetches

The gap between fetch and the alu is the latency 
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GPU THREADS 
(Lower Clock – Different Scale)

Overlapped fetch and alu
Many outstanding fetches

Lots of threads 
Fetch unit + ALU unit
Fast thread switch
In-order finish

ALU units reach 100%
utilization
Hardware sync for final 
Output

The big bar at the top shows when the float units are running. It is 100% active if 
there are enough threads
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GPU 
Internals

ATI MedViz Demo [2007]
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One wavefront is 64 threads
Two Wavefronts/simd (running)
16 pe/simd
4 simd engines
8 program counters 
512 threads running

Once enough resources are 
available a thread goes into the 
run queue

16 instructions finish per simd 
per cycle, 
Each instruction is 5 way vliw

Wavefronts are 64 thread units, they are also called warps
All resources are allocated at start, so no deadlock is possible
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Threads in Run Queue

Each simd has 256 sets of registers

64 registers in a set (each holds 128 bits)

If each thread needs 5 (128 bit)  registers, then 256/5 = 
51 wavefronts can get into run queue

51 wavefronts = 3264 threads per SIMD  or  13056 
running or waiting threads

256 * 64 * 4 vector registers

256 * 64 * 4 *4 (32 bit registers) = 262,144 registers

Or 1 meg byte of register space

A thread is one pc/one group of registers, a wavefront is 64 threads 
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Implications

CPU: Loads determine performance

Compiler works hard to
– Minimize ALU code

– Reduce memory overhead

– Try to use prefetch and other magic to reduce the amount of time
waiting for memory  

GPU: Threads determine performance 

Compiler works hard to
– Minimize ALU code

– Maximize threads

– Try to reorder instructions to reduce synchronization and other 
magic to reduce the amount of time waiting for threads
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Graphics Programming Model

CPU part

for each frame  (sequential)  {

build vertex buffer

set uniform inputs

draw

}

This is producer consumer parallelism

Internal queue of pending draw commands (often 
hundreds)
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Programming Model – GPU Part

foreach vertex in buffer (parallel) {

call vertex kernel/shader }

foreach set of  3 vertex outputs (a triangle) (seq) {

fixed function rasterize

foreach pixel (parallel) {
call pixel kernel/shader

}}

Nothing about number of cores

Nothing about sync

Developer just writes kernels (in RED)
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Rasterizer

Vertex shader output is directed to rasterizer

Rasterizer interpolates per-vertex values

Interpolated data sent per-pixel to the pixel shader 
program

Each box in the grid gets its own thread, thread count is determined by hardware 
not by app, bigger screen means more threads
The whole system scales with bigger screen or more processors, without change
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float4 ambient;
float4 diffuse;
float4 specular;
float Ka, Ks, Kd, N;
float4 main( float4 Diff  : COLOR0,    float3 Normal: TEXCOORD0,

float3 Light : TEXCOORD1, float3 View  : TEXCOORD2 ) 
: COLOR

{
// Compute the reflection vector:
float3 vReflect = normalize(2*dot(Normal, Light)*Normal -

Light);       

// Final color is composed of ambient, diffuse and specular
// contributions:  
float4 FinalColor = Ka * ambient + 

Kd * diffuse * dot( Normal, Light ) + 
Ks * specular * pow( max( dot( vReflect, 

View), 0), N ) ;
return FinalColor;

}
20 statements in byte code

Pixel Shader
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What is  the 
parallelism model?
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Programming model

Vertex and pixel kernels (shaders)

Parallel loops are implicit 

Performance aware code does not know how many cores 
or how many threads

All sorts of queues maintained under covers

All kinds of sync done implicitly

Programs are very small
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Parallelism Model

All parallel operations are hidden via domain specific API 
calls

Developers write sequential code + kernels

Kernel operate on one vertex or pixel

Developers never deal with parallelism directly 

No need for auto parallel compilers
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Ruby Demo Series

Four versions – each done by experts to show of features 
of the chip as well as develop novel forward-looking 
graphics techniques

First 3 written in DirectX9, fourth in DirectX10

All four demos have specific names, for a graphics talk I’d use the acutal names
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Either the demo or movie goes here
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DX Pixel Shader Length

shader size
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Num Pixel Shaders
demo 1 =  140
demo 2 =  163
demo 3 =  312
demo 4 =  250

Triangles in 1000

500

1000

1500

2000

d1 d2 d3 d4

Box  and whisker plot of shader length, box is ½ std div around mean, line is 1 and 
1/2 , outliers after this,  size of max shader is growing, more control flow,  
Inside graph is the max triangles in 1000 triangle units so the highest  value is 2 
million,  number of shaders is the count,  time or chip version is going up 
d1 d2 d3 d4 are the demo numbers 

We see a double exponent in growth, triangles and shader size,  count does down 
because of more control flow

The hor scale is in asm lines so an 800 asm line shader is a big one
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Shader Compiler (SC)

Developers ship games in byte code
– Each time a game starts the shader is compiled

Compiler is hidden in driver 
– No user gets to set options or flags

Compiler updates with new driver (once a month)

Compile done each time game is run

Like a JIT but we care about performance

SC runs on consoles/phones/laptops/desktops etc
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Relations to Std CPU Compiler

About ½ code is traditional compiler, all the usual stuff

SSA form

Graph coloring register allocator

Instruction scheduler 

But there is a lot of special stuff!
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Some Odd Features

HLSL compiler is written by Microsoft and has its own 
idea of how to optimize a program

Each compiler fights the other,  so SC undoes the ms 
optimizations

Hardware updates frequently so 

SC supports large number of targets,  internally 
(picture gcc done in c++ classes)

One version of the compiler supports all chips
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Compiler Statistics
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Register Allocation

A local allocator run as part of instruction scheduling

A global – Graph coloring allocator 

(even though this is a JIT)

Two allocators for speed
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New Issues

Less registers are better, because of threading

Load/store multiple takes same time as load/store so 
spill costs are different

Registers hold 4 element vectors 
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Register Allocation

Two register allocators – hlsl/manual vs SC

SC, which knows the machine usually needs less 
registers

Register delta is not related to program size

But bigger programs need more registers
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Register effect by shader size

isa registers
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3000 shaders

Shows the delta in registers, hlsl thinks the machine has vector registers and it 
does, so hlsl does an ok job,  I split the 3000 shaders into 6 groups by length
Smallest are lower left, biggest are upper right (lots of small one not so many large 
ones)

A shader on the diag line means hlsl and sc used the same number of registers

A dot can be a lot a shaders if they overlap
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Open Problem

Path aware allocation

If (run-time-const) {

call s1;

} else {

call s2;

}

Can we allocate high numbered regs to s2?

Problem is to allocate registers and then at run tim, if we know that s1 will always be 
called just say the shader needs less registers and so it gets more threads
Handle this without recompiling
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Scheduler 

Modified list scheduler

Issues –

Grouping loads/fetches

Compiler control of thread switch

Loss of state at thread switch

Multiple ways to code operations, 

final instruction selection in scheduler
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Scheduler effect by shader size
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Up is better

Num cycles changed
by scheduling

Here we have the same 3k shaders hlsl thiinks it is vector machine but is actually 5 
way vliw,  so  the vector assignment does not work well
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5 way VLIW Packing Rate

3.383631LostPlanet: 83 ps

3.800968Crysis: 284 ps

3.922494Call of Juarez: 594 ps

4.222533Bioshock: 2290 ps

Best would be 5.0

These are 5 current dx games,  number of pixel shader and average packing 
in 5 way vliw issue
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Dependence graph



36

CGO 2008 

ADD_V_582,h37

ADD_V_24,h36ADD_V_19,h35

ADD_V_25,h34

MUL_V_583,h37

MUL_V_22,h34

ADD_V_26,h33

MULADD_V_584,h32

ADD_V_592,h26

MOV_V_571,h34

MULADD_V_579,h35

MOV_V_575,h32

MULADD_V_577,h33

MUL_V_773,h33 MUL_V_839,h32 MUL_V_872,h31

MULADD_V_585,h32

MULADD_V_29,h31

MULADD_V_27,h33

ADD_V_593,h26

MUL_V_28,h32

ADD_V_35,h26

FRACT_V_586,h31

ADD_V_588,h30

FRACT_V_587,h31

ADD_V_589,h30 FRACT_V_30,h30

ADD_V_31,h29ADD_V_32,h29

MULADD_V_590,h27

MUL_V_611,h20

MULADD_V_591,h27

MUL_V_612,h20

ADD_V_33,h28

MULADD_V_34,h27

MUL_V_46,h19

ADD_V_594,h25ADD_V_595,h25 ADD_V_596,h25ADD_V_597,h25

ADD_V_607,h20

DOT4_8S_621,h17

ADD_V_627,h18

DOT4_8S_634,h13

ADD_V_641,h16 ADD_V_36,h25ADD_V_37,h25

ADD_V_608,h20 ADD_V_628,h18

ADD_V_642,h16

ADD_V_44,h20 ADD_V_76,h18

ADD_V_96,h16

CNDGE_V_598,h24CNDGE_V_599,h24 CNDGE_V_600,h24 CNDGE_V_38,h24CNDGE_V_601,h24 CNDGE_V_39,h24

ADD_V_602,h23 ADD_V_40,h23ADD_V_41,h23

ADD_V_603,h22 ADD_V_614,h20 ADD_V_604,h22 ADD_V_615,h20ADD_V_42,h22 ADD_V_49,h20

CNDGE_V_605,h21 CNDGE_V_606,h21CNDGE_V_43,h21

MUL_V_616,h19 MUL_V_617,h19 MUL_V_51,h18

ADD_V_609,h19 ADD_V_610,h19ADD_V_45,h19

DOT4_8S_613,h18

DOT4_8S_624,h14

ADD_V_618,h19

ADD_V_643,h15

ADD_V_619,h19

ADD_V_98,h15

ADD_V_54,h18

ADD_V_102,h14

ADD_V_48,h17

MAX_V_50,h16

CNDGE_V_625,h19 CNDGE_V_626,h19CNDGE_V_75,h19

MUL_V_52,h15

ADD_V_620,h18 ADD_V_55,h18 ADD_V_59,h17

MUL_V_53,h14

MUL_V_68,h13

FETCHTEXTUREMAP_71,h17

ADD_V_637,h16 ADD_V_86,h16FETCHTEXTUREMAP_74,h15 ADD_V_90,h15

FETCHTEXTUREMAP_58,h17

FETCHTEXTUREMAP_61,h16

MULADD_V_622,h15 MULADD_V_623,h15 MULADD_V_64,h15

ADD_V_63,h16

MAX_V_65,h15

MUL_V_67,h14

MUL_V_69,h13

MULADD_V_82,h12

MOV_V_72,h16

MULADD_V_631,h14 MULADD_V_632,h14 MULADD_V_78,h14

MUL_V_635,h17 MUL_V_636,h17MUL_V_84,h16

ADD_V_629,h17 ADD_V_630,h17ADD_V_77,h17

DOT4_8S_633,h16

DOT4_8S_640,h12 ADD_V_81,h15

MAX_V_83,h14

MULADD_V_97,h11

MUL_V_85,h13

MUL_V_94,h12

FETCHTEXTUREMAP_89,h15

FETCHTEXTUREMAP_92,h14

MULADD_V_638,h13MULADD_V_639,h13 MULADD_V_93,h13

DOT4_8S_652,h11 DOT4_8S_655,h15

MULADD_V_134,h10

FETCHTEXTUREMAP_101,h14

FETCHTEXTUREMAP_104,h13

MULADD_V_650,h12MULADD_V_651,h12 MULADD_V_114,h12

ADD_V_105,h37

MOV_V_573,h36

MUL_V_708,h34MUL_V_774,h33 MUL_V_840,h32 MUL_V_873,h31MOV_V_106,h34

MUL_V_574,h33MUL_V_283,h32 MUL_V_371,h31 MUL_V_400,h30

MULADD_V_644,h33

ADD_V_656,h27

MULADD_V_645,h33

ADD_V_657,h27

MUL_V_572,h35

ADD_V_109,h34

MULADD_V_110,h32

ADD_V_119,h27

FRACT_V_646,h32

ADD_V_648,h31

FRACT_V_647,h32

ADD_V_649,h31

FRACT_V_111,h31

ADD_V_112,h30 ADD_V_113,h30

MULADD_V_653,h28

MUL_V_676,h21

MULADD_V_654,h28

MUL_V_677,h21

ADD_V_115,h29

MULADD_V_117,h28

MUL_V_136,h20

ADD_V_126,h14

ADD_V_658,h26ADD_V_659,h26 ADD_V_660,h26ADD_V_661,h26

ADD_V_671,h21

DOT4_8S_685,h18

ADD_V_691,h19

DOT4_8S_698,h14

ADD_V_705,h17 ADD_V_120,h26ADD_V_121,h26

ADD_V_672,h21 ADD_V_692,h19

ADD_V_706,h17

ADD_V_131,h21 ADD_V_165,h19

ADD_V_185,h17

CNDGE_V_662,h25CNDGE_V_663,h25 CNDGE_V_664,h25 CNDGE_V_122,h25CNDGE_V_665,h25 CNDGE_V_123,h25

ADD_V_666,h24 ADD_V_124,h24ADD_V_125,h24

ADD_V_667,h23 ADD_V_678,h21 ADD_V_668,h23 ADD_V_679,h21ADD_V_127,h23 ADD_V_138,h21MAX_V_128,h13

CNDGE_V_669,h22 CNDGE_V_670,h22CNDGE_V_129,h22MUL_V_130,h12

MUL_V_680,h20 MUL_V_681,h20MUL_V_140,h19MUL_V_132,h11

ADD_V_673,h20 ADD_V_674,h20ADD_V_133,h20

DOT4_8S_675,h19

DOT4_8S_688,h15

MULADD_V_223,h9

ADD_V_137,h18

ADD_V_682,h20

ADD_V_707,h16

ADD_V_683,h20

ADD_V_187,h16

ADD_V_143,h19

ADD_V_191,h15

MAX_V_139,h17

CNDGE_V_689,h20 CNDGE_V_690,h20CNDGE_V_164,h20

MUL_V_141,h16

ADD_V_684,h19 ADD_V_144,h19ADD_V_148,h18

MUL_V_142,h15

MUL_V_157,h14

FETCHTEXTUREMAP_160,h18

ADD_V_701,h17 ADD_V_175,h17FETCHTEXTUREMAP_163,h16 ADD_V_179,h16

FETCHTEXTUREMAP_147,h18

FETCHTEXTUREMAP_150,h17

MULADD_V_686,h16MULADD_V_687,h16 MULADD_V_153,h16

ADD_V_152,h17

MAX_V_154,h16

MUL_V_156,h15

MUL_V_158,h14

MULADD_V_171,h13

MOV_V_161,h17

MULADD_V_695,h15 MULADD_V_696,h15MULADD_V_167,h15

MUL_V_699,h18 MUL_V_700,h18MUL_V_173,h17

ADD_V_693,h18 ADD_V_694,h18ADD_V_166,h18

DOT4_8S_697,h17

DOT4_8S_704,h13ADD_V_170,h16

MAX_V_172,h15

MULADD_V_186,h12

MUL_V_174,h14

MUL_V_183,h13

FETCHTEXTUREMAP_178,h16

FETCHTEXTUREMAP_181,h15

MULADD_V_702,h14 MULADD_V_703,h14MULADD_V_182,h14

DOT4_8S_717,h12DOT4_8S_718,h16

MULADD_V_219,h11

FETCHTEXTUREMAP_190,h15

FETCHTEXTUREMAP_193,h14

MULADD_V_713,h13MULADD_V_714,h13 MULADD_V_199,h13

MULADD_V_709,h31

ADD_V_721,h25

MULADD_V_710,h31

ADD_V_722,h25

ADD_V_196,h32

MULADD_V_197,h30

ADD_V_208,h25

FRACT_V_711,h30

ADD_V_715,h29

FRACT_V_712,h30

ADD_V_716,h29

FRACT_V_198,h29

ADD_V_200,h28ADD_V_202,h28

MULADD_V_719,h26

MUL_V_741,h19

MULADD_V_720,h26

MUL_V_742,h19

ADD_V_204,h27

MULADD_V_206,h26

MUL_V_225,h18

ADD_V_205,h15

MAX_V_207,h14

MUL_V_215,h13

ADD_V_723,h24ADD_V_724,h24 ADD_V_725,h24 ADD_V_726,h24

ADD_V_736,h19

DOT4_8S_750,h16

ADD_V_756,h17

DOT4_8S_763,h12

ADD_V_770,h15ADD_V_209,h24 ADD_V_210,h24

ADD_V_737,h19ADD_V_757,h17

ADD_V_771,h15

ADD_V_220,h19ADD_V_254,h17

ADD_V_274,h15

CNDGE_V_727,h23CNDGE_V_728,h23 CNDGE_V_729,h23 CNDGE_V_211,h23CNDGE_V_730,h23 CNDGE_V_212,h23

ADD_V_731,h22 ADD_V_213,h22 ADD_V_214,h22

ADD_V_732,h21ADD_V_743,h19 ADD_V_733,h21ADD_V_744,h19 ADD_V_216,h21ADD_V_227,h19

MUL_V_217,h12 CNDGE_V_734,h20 CNDGE_V_735,h20 CNDGE_V_218,h20

MUL_V_745,h18 MUL_V_746,h18 MUL_V_229,h17

MUL_V_221,h10

ADD_V_738,h18 ADD_V_739,h18ADD_V_222,h18

DOT4_8S_740,h17

DOT4_8S_753,h13

MULADD_V_311,h8

ADD_V_226,h16

ADD_V_747,h18

ADD_V_772,h14

ADD_V_748,h18

ADD_V_276,h14

ADD_V_232,h17

ADD_V_280,h13

MAX_V_228,h15

CNDGE_V_754,h18 CNDGE_V_755,h18 CNDGE_V_253,h18

MUL_V_230,h14

ADD_V_749,h17 ADD_V_233,h17 ADD_V_237,h16

MUL_V_231,h13

MUL_V_246,h12

FETCHTEXTUREMAP_249,h16

ADD_V_766,h15 ADD_V_264,h15 FETCHTEXTUREMAP_252,h14ADD_V_268,h14

FETCHTEXTUREMAP_236,h16

FETCHTEXTUREMAP_239,h15

MULADD_V_751,h14 MULADD_V_752,h14MULADD_V_242,h14

ADD_V_241,h15

MAX_V_243,h14

MUL_V_245,h13

MUL_V_247,h12

MULADD_V_260,h11

MOV_V_250,h15

MULADD_V_760,h13 MULADD_V_761,h13 MULADD_V_256,h13

MUL_V_764,h16 MUL_V_765,h16 MUL_V_262,h15

ADD_V_758,h16 ADD_V_759,h16ADD_V_255,h16

DOT4_8S_762,h15

DOT4_8S_769,h11 ADD_V_259,h14

MAX_V_261,h13

MULADD_V_275,h10

MUL_V_263,h12

MUL_V_272,h11

FETCHTEXTUREMAP_267,h14

FETCHTEXTUREMAP_270,h13

MULADD_V_767,h12 MULADD_V_768,h12MULADD_V_271,h12

DOT4_8S_783,h10 DOT4_8S_784,h14

MULADD_V_309,h9

FETCHTEXTUREMAP_279,h13

FETCHTEXTUREMAP_282,h12

MULADD_V_781,h11 MULADD_V_782,h11MULADD_V_289,h11

ADD_V_284,h32

MULADD_V_775,h30

ADD_V_787,h24

MULADD_V_776,h30

ADD_V_788,h24

ADD_V_285,h31

MULADD_V_286,h29

ADD_V_296,h24

FRACT_V_777,h29

ADD_V_779,h28

FRACT_V_778,h29

ADD_V_780,h28

FRACT_V_287,h28

ADD_V_288,h27ADD_V_290,h27

MULADD_V_785,h25

MUL_V_807,h18

MULADD_V_786,h25

MUL_V_808,h18

ADD_V_292,h26

MULADD_V_294,h25

MUL_V_313,h17

ADD_V_295,h13

MAX_V_303,h12

ADD_V_789,h23 ADD_V_790,h23 ADD_V_791,h23 ADD_V_792,h23

ADD_V_802,h18

DOT4_8S_816,h15

ADD_V_822,h16

DOT4_8S_829,h11

ADD_V_836,h14ADD_V_297,h23 ADD_V_298,h23

ADD_V_803,h18 ADD_V_823,h16

ADD_V_837,h14

ADD_V_308,h18 ADD_V_342,h16

ADD_V_362,h14

CNDGE_V_793,h22 CNDGE_V_794,h22 CNDGE_V_795,h22 CNDGE_V_299,h22 CNDGE_V_796,h22 CNDGE_V_300,h22

ADD_V_797,h21 ADD_V_301,h21 ADD_V_302,h21

ADD_V_798,h20 ADD_V_809,h18 ADD_V_799,h20 ADD_V_810,h18ADD_V_304,h20 ADD_V_315,h18

MUL_V_305,h11CNDGE_V_800,h19 CNDGE_V_801,h19 CNDGE_V_306,h19

MUL_V_307,h10MUL_V_811,h17 MUL_V_812,h17 MUL_V_317,h16

ADD_V_804,h17 ADD_V_805,h17 ADD_V_310,h17

DOT4_8S_806,h16

DOT4_8S_819,h12

ADD_V_398,h7

ADD_V_314,h15

ADD_V_813,h17

ADD_V_838,h13

ADD_V_814,h17

ADD_V_364,h13

ADD_V_320,h16

ADD_V_368,h12

MAX_V_316,h14

CNDGE_V_820,h17 CNDGE_V_821,h17 CNDGE_V_341,h17

MUL_V_318,h13

ADD_V_815,h16 ADD_V_321,h16 ADD_V_325,h15

MUL_V_319,h12

MUL_V_334,h11

FETCHTEXTUREMAP_337,h15

ADD_V_832,h14 ADD_V_352,h14FETCHTEXTUREMAP_340,h13 ADD_V_356,h13

FETCHTEXTUREMAP_324,h15

FETCHTEXTUREMAP_327,h14

MULADD_V_817,h13MULADD_V_818,h13 MULADD_V_330,h13

ADD_V_329,h14

MAX_V_331,h13

MUL_V_333,h12

MUL_V_335,h11

MULADD_V_348,h10

MOV_V_338,h14

MULADD_V_826,h12MULADD_V_827,h12 MULADD_V_344,h12

MUL_V_830,h15 MUL_V_831,h15 MUL_V_350,h14

ADD_V_824,h15 ADD_V_825,h15 ADD_V_343,h15

DOT4_8S_828,h14

DOT4_8S_835,h10 ADD_V_347,h13

MAX_V_349,h12

MULADD_V_363,h9

MUL_V_351,h11

MUL_V_360,h10

FETCHTEXTUREMAP_355,h13

FETCHTEXTUREMAP_358,h12

MULADD_V_833,h11MULADD_V_834,h11 MULADD_V_359,h11

DOT4_8S_849,h9 DOT4_8S_850,h13

MULADD_V_396,h8

FETCHTEXTUREMAP_367,h12

FETCHTEXTUREMAP_370,h11

MULADD_V_845,h10 MULADD_V_846,h10 MULADD_V_376,h10

ADD_V_372,h31

MULADD_V_841,h29

ADD_V_853,h23

MULADD_V_842,h29

ADD_V_854,h23

ADD_V_373,h30

MULADD_V_374,h28

ADD_V_385,h23

FRACT_V_843,h28

ADD_V_847,h27

FRACT_V_844,h28

ADD_V_848,h27

FRACT_V_375,h27

ADD_V_377,h26ADD_V_379,h26

MULADD_V_851,h24

MUL_V_875,h17

MULADD_V_852,h24

MUL_V_876,h17

ADD_V_381,h25

MULADD_V_383,h24

MUL_V_402,h16

ADD_V_382,h12

MAX_V_384,h11

MUL_V_392,h10

ADD_V_855,h22ADD_V_856,h22 ADD_V_857,h22ADD_V_858,h22

ADD_V_868,h17

DOT4_8S_884,h14

ADD_V_890,h15

DOT4_8S_897,h10

ADD_V_904,h13ADD_V_386,h22 ADD_V_387,h22

ADD_V_869,h17ADD_V_891,h15

ADD_V_905,h13

ADD_V_397,h17ADD_V_431,h15

ADD_V_451,h13

CNDGE_V_859,h21CNDGE_V_860,h21 CNDGE_V_861,h21 CNDGE_V_388,h21CNDGE_V_862,h21 CNDGE_V_389,h21

ADD_V_863,h20 ADD_V_390,h20 ADD_V_391,h20

ADD_V_864,h19ADD_V_877,h17 ADD_V_865,h19ADD_V_878,h17 ADD_V_393,h19ADD_V_404,h17

MUL_V_394,h9

CNDGE_V_866,h18 CNDGE_V_867,h18 CNDGE_V_395,h18

MUL_V_879,h16 MUL_V_880,h16 MUL_V_406,h15

ADD_V_870,h16 ADD_V_871,h16ADD_V_399,h16

MULADD_V_553,h6

DOT4_8S_874,h15

DOT4_8S_887,h11

ADD_V_460,h30

MULADD_V_910,h28

ADD_V_919,h22

MULADD_V_911,h28

ADD_V_920,h22

ADD_V_462,h29

MULADD_V_464,h27

ADD_V_476,h22

ADD_V_403,h14

ADD_V_881,h16

ADD_V_906,h12

ADD_V_882,h16

ADD_V_453,h12

ADD_V_409,h15

ADD_V_457,h11

MAX_V_405,h13

CNDGE_V_888,h16 CNDGE_V_889,h16 CNDGE_V_430,h16

MUL_V_407,h12

ADD_V_883,h15 ADD_V_410,h15 ADD_V_414,h14

MUL_V_408,h11

MUL_V_423,h10

FETCHTEXTUREMAP_426,h14

ADD_V_900,h13 ADD_V_441,h13 FETCHTEXTUREMAP_429,h12ADD_V_445,h12

FETCHTEXTUREMAP_413,h14

FETCHTEXTUREMAP_416,h13

MULADD_V_885,h12 MULADD_V_886,h12MULADD_V_419,h12

ADD_V_418,h13

MAX_V_420,h12

MUL_V_422,h11

MUL_V_424,h10

MULADD_V_437,h9

MOV_V_427,h13

MULADD_V_894,h11 MULADD_V_895,h11MULADD_V_433,h11

MUL_V_898,h14 MUL_V_899,h14 MUL_V_439,h13

ADD_V_892,h14 ADD_V_893,h14ADD_V_432,h14

DOT4_8S_896,h13

DOT4_8S_903,h9 ADD_V_436,h12

MAX_V_438,h11

MULADD_V_452,h8

MUL_V_440,h10

MUL_V_449,h9

FETCHTEXTUREMAP_444,h12

FETCHTEXTUREMAP_447,h11

MULADD_V_901,h10 MULADD_V_902,h10MULADD_V_448,h10

DOT4_8S_909,h8 DOT4_8S_912,h12

MULADD_V_475,h7

FETCHTEXTUREMAP_456,h11

FETCHTEXTUREMAP_459,h10

MULADD_V_907,h9 MULADD_V_908,h9 MULADD_V_461,h9

FRACT_V_913,h27

ADD_V_915,h26

FRACT_V_914,h27

ADD_V_916,h26

FRACT_V_466,h26

ADD_V_468,h25

ADD_V_467,h11

MAX_V_469,h10

ADD_V_470,h25

MULADD_V_917,h23

MUL_V_930,h16

MULADD_V_918,h23

MUL_V_931,h16

ADD_V_472,h24

MULADD_V_474,h23

MUL_V_483,h15

MUL_V_471,h9

MUL_V_473,h8

ADD_V_921,h21ADD_V_922,h21 ADD_V_923,h21 ADD_V_924,h21 DOT4_8S_934,h13

ADD_V_937,h16ADD_V_954,h14

DOT4_8S_961,h9

ADD_VADD_V_477,h21 ADD_V_478,h21

ADD_V_938,h16ADD_V_955,h14 ADD_V_488,h16ADD_V_517,h14

CNDGE_V_925,h20CNDGE_V_926,h20 CNDGE_V_927,h20 CNDGE_V_479,h20 CNDGE_V_928,h20 CNDGE_V_480,h20

ADD_V_929,h19 ADD_V_481,h19 ADD_V_482,h19

ADD_V_932,h18ADD_V_950,h16 ADD_V_933,h18ADD_V_951,h16 ADD_V_484,h18ADD_V_509,h16 ADD_V_944,h15

ADD_V_970,h11

ADD_V_945,h15

ADD_V_539,h11

ADD_V_498,h14

ADD_V_543,h10

CNDGE_V_935,h17 CNDGE_V_936,h17 CNDGE_V_486,h17

ADD_V_487,h12

MUL_V_942,h15 MUL_V_943,h15 MUL_V_495,h14

MAX_V_489,h11

ADD_V_939,h15 ADD_V_940,h15ADD_V_490,h15

MUL_V_491,h10

DOT4_8S_941,h14

DOT4_8S_949,h10

MUL_V_493,h9

ADD_V_494,h13

MULADD_V_523,h8

MAX_V_496,h12

ADD_V_946,h14 ADD_V_499,h14 ADD_V_503,h13

MUL_V_497,h11

MUL_V_507,h10

FETCHTEXTUREMAP_512,h13

ADD_V_964,h12 ADD_V_527,h12 FETCHTEXTUREMAP_515,h11ADD_V_531,h11

FETCHTEXTUREMAP_502,h13

FETCHTEXTUREMAP_505,h12

MULADD_V_947,h11MULADD_V_948,h11 MULADD_V_506,h11

MUL_V_510,h9

CNDGE_V_952,h15 CNDGE_V_953,h15 CNDGE_V_516,h15

MOV_V_513,h12

MULADD_V_958,h10 MULADD_V_959,h10MULADD_V_519,h10

MUL_V_962,h13 MUL_V_963,h13 MUL_V_525,h12

ADD_V_956,h13 ADD_V_957,h13ADD_V_518,h13

DOT4_8S_960,h12

DOT4_8S_967,h8ADD_V_522,h11

MAX_V_524,h10

MULADD_V_538,h7

MUL_V_526,h9

MUL_V_535,h8

FETCHTEXTUREMAP_530,h11

FETCHTEXTUREMAP_533,h10

MULADD_V_965,h9 MULADD_V_966,h9MULADD_V_534,h9

DOT4_8S_974,h7

MULADD_V_554,h6

FETCHTEXTUREMAP_542,h10

FETCHTEXTUREMAP_545,h9

MULADD_V_972,h8 MULADD_V_973,h8 MULADD_V_549,h8

MAX_V_

MUL_V_

MUL_V_

ADD_V_555,h5

ADD_V_556,h4

MULADD_V_557,h3MUL_V_559,h3

MULADD_V_561,h2

MUL_V_558,h4

MUL_V_560,h3

EXPORT_V_564,h1

MOV_V_562,h2

IR_ALLOC_POS_581,h1

IR_ALLOC_COLOR_580,h1

This is an actual graph generated by sc for a single basic block in a shader
computing perlin noise, the greedy list scheduler should have left some holes in the 
schedule fror this case,  I think this is clearly a hand or hlsl unrolled loop,  can we do 
some fast graph analysis to figure out the structure?
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Bug ReportBug Report

Graphics 
Shadow acne 

Compiler
Round off error

This was a real bug report, I listed the two names for the error
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