
GPU Architecture Overview

Bin ZHOU 2015 USTC



AcknowledgementAcknowledgement
 Patrick Cozzi, University of Pennsylvania, CIS 565 - Fall 

2013
 Some CPU slides – Varun Sampath, NVIDIA
 Some GPU slides Kayvon Fatahalian, CMU



ContentsContents

 Why do we need GPU？ Why do we need GPU？

 3 Ideas behind GPU to improve 
Performance

 Some Real-GPU design reviewg

 --NVIDIA GTX 480: Fermi

NVIDIA GTX 680 K l --NVIDIA GTX 680: Kepler

 GPU Memory design



TermsTerms
 FLOPS – FLoating-point OPerations per Second

 GFLOPS - One billion (109) FLOPS

 TFLOPS – 1,000 GFLOPS



CPU and GPU Performance TrendsCPU and GPU Performance Trends



Why do we need GPU?Why do we need GPU?

More and More ComplexMore and More Complex 
Problems

（Application Driven)



Applications DrivesApplications Drives



Any More Applications Hunger for 
Computing Power?Computing Power?

Or your research related problems?y p



GPU（Graphic Processing Unit）Architecture 
DiDiagram

GPU is designed for embarrassingly parallel workloads g g y p



B i E El tBasic Exe Elements



R ll CPU A hit tRecall CPU Architecture



Id 1Idea 1: 



C & P tCopy & Paste



C d P t A i !Copy and Paste Again!



C d P t 4 TiCopy and Paste 4 Times:



Sh i f S iSharing for Saving



Id 2Idea 2:



I th D iImprove the Design



V t I t tiVector Instructions:



M lti l O dMultiple Operands



More fragments, More Simultaneous 
I t tiInstructions

C ld b diff tCould be different



Sh i Di t hSharing Dispatcher 









ClarificationClarification

 SIMD Processing doesn’t imply SIMD 
instructions

 Option 1：Explicit Vector Instructions:

 SSE, AVX and etc.

 Option 2：Scalar instructions, implicit HW 
vectorization

 Hardware decides instruction stream sharing across 
scalar ALUs

NVIDIA AMD GPU NVIDIA, AMD GPUs



Problems and ChallengesProblems and Challenges



Solution Idea 3Solution：Idea 3

 Lots of independent fragments p g
switching

 Interleave processing of many program Interleave processing of many program 
slices on ALUs to avoid the stalls 

d b hi h l icaused by high latency operations—
like “Fill in the blanks”



Latency HidingLatency Hiding









Gain a high throughputGain a high throughput



Dealing with the ContextDealing with the Context



Smaller contexts: Pros: Better latency hiding；
Cons: ?Cons: ?



Medium Contexts: Pros:? Cons:?Medium Contexts: Pros:? Cons:?



Large Contexts: Pros? Cons?Large Contexts: Pros? Cons?



The Tradeoff in Architecture DesignThe Tradeoff in Architecture Design



Example ChipExample Chip



Bigger Chip with higher performanceBigger Chip with higher performance 





Fermi Architecture











K l A hit t GTX 680Kepler Architecture: GTX 680



SMX



NVIDIA  GK110



M ll A hit t SMMMaxwell Architecture SMM:



Memory and Data Access



CPU Style Memory 



GPU Style : Throughput!



M  B d！Memory Bound！



A Simple Example



M  B dMemory Bound



Try from the beginning







GPU is a heterogeneous g
many core computing 

system, highly-tuned for 
high throughput high throughput 

applicationsapplications



 Thousands of independent processing

Effective GPU Tasks Require

 Thousands of independent processing 
fragments

 Utilize many ALUs Utilize many ALUs

 Hide the latency

B Sh i i i Better Sharing instruction streams

 SIMD

 Computing Intensive 

 Nice computing and communication ratio

 Not limited by bandwidth



举例：石油勘探举例：石油勘探

 目前的CPU只能满足石油勘探的普通处理技术，
如解编、预处理、叠后偏移等

 目前的CPU不能完全满足

 需要大量运算的处理技术，

 如叠前时间偏移、叠前深如叠前时间偏移、叠前深

 度偏移、波动方程偏移等

 以叠前偏移为例，一般实现一道

 偏移需要 1000000×6000×2次 偏移需要 1000000×6000×2次

 数学运算，计算量和需要处理的数据量极
其巨大其巨大



举例：气象预报举例：气象预报

目前 气象预测对计算资 目前，气象预测对计算资
源的需求日益增长

 对于24小时的短期预报 对于24小时的短期预报，
要求
 一般在0.5~1小时内得到结般在 小时内得到结
果

 对于中期预报（10天，15
公里） 大概5～6小时公里），大概5～6小时

 精细化预报
 网格<3km, 甚至<1km 网格<3km, 甚至<1km
 <每半小时完成一次


