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Reading Assignment #5 (until Oct 5)

Read (required):
* Programming Massively Parallel Processors book, 2nd edition (!),
Chapter 4 (Data-Parallel Execution Model) [beginning is very similar to Chap. 4, 1st ed.]

* NVIDIA CUDA C++ Programming Guide (Sep 2020):
Read Chapter 2.5 (Compute Capability); go through Appendix | (Compute Capabilities)

https://docs.nvidia.com/cuda/pdf/CUDA C Programming Guide.pdf

Read (optional):
* NVIDIA Pascal (GP100) white paper:

https://images.nvidia.com/content/pdf/tesla/whitepaper/pascal-architecture-whitepaper.pdf

* NVIDIA Volta (V100) white paper:

http://images.nvidia.com/content/volta-architecture/pdf/volta-architecture-whitepaper.pdf

* NVIDIA Turing (TU102, TU104, TU106) white paper:

https://www.nvidia.com/content/dam/en-zz/Solutions/design-visualization/technologies/turing-
architecture/NVIDIA-Turing-Architecture-Whitepaper.pdf



«

NVIDIA Architectures (since first CUDA GPU) °

Tesla: 2007-2009 Pascal: 2016
- G80, G9x: 2007 (Geforce 8800, ...) « GP100 (Tesla P100, ...)
GT200: 2008/2009 (GTX 280, ...) . GP10x: x=2.4.6.78, .
Fermi: 2010 (GTX 1080, Titan X Pascal...)
« GF100, ... (GTX 480, ... Volta: 2017/2018
GF110, ... (GTX 580, ...) . GV100, ...
Kepler: 2012 (Tesla V100, Titan V, ...)
- GK104, ... (GTX 680, ...) Turing: 2018/2019
GK110, ... (GTX 780, GTX Titan, ...) . TU102. TU104. TU106, TU116, ...
Maxwell: 2015 (Titan RTX, RTX 2070, 2080, 2080Ti, ...)
« GM107, ... (GTX 750Ti, ...) Ampere: 2020

GM204, ... (GTX 980, Titan X, ...) . GA100, GA102, GA104

(A100, RTX 3070, 3080, 3090, ...)

Markus Hadwiger, KAUST 3



NVIDIA Tesla Architecture
2007-2009

G380, G9x: 2007 (Geforce 8800, ...)
GT200: 2008/2009 (GTX 280, ...)

(this is not the Tesla product line!)



NVIDIA Tesla Architecture (not the Tesla product line!),

«S)

G80: 2007, GT200: 2008/2009

Streaming Processor (SP) Streaming = TPC {W [ TREC {m}

Multiprocessor (SM)

| Geometry Controller | 1 Geometry Controller |
J SMC ] SMC |

G80: first CUDA GPU!

Texture Units Texture Units

Courtesy AnandTech

» Streaming Processor (SP) [or: CUDA core; or: FP32 / FP64 / INT32 core, ...]
» Streaming Multiprocessor (SM)

» Texture/Processing Cluster (TPC)



NVIDIA Tesla Architecture (not the Tesla product line!),  _

«S)

G80: 2007, GT200: 2008/2009

« G80/G92: 8TPCs*(2*8SPs)=128 SPs [= CUDA cores]
« GT200: 10 TPCs * (3 * 8 SPs ) = 240 SPs [= CUDA cores]

» Arithmetic intensity has increased (num. of ALUs vs. texture units)
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Courtesy AnandTech

G80/ G92 GT200



NVIDIA Fermi Architecture
2010

GF100, ... (GTX 480, ...)
GF110, ... (GTX 580, ...)



NVIDIA Fermi Architecture (2010)

Host Interface

Full size
4 GPCs
4 SMs each

Raster Engine Raster Engine

Memory Controller
Jajjonuon Aowsay

hd 6 64'b|t . _ Polymarph Engire | Polymorph Engine Polymarph Engine
memory

controllers
(= 384 bit)

Memory Controller
Jajjonuon Aowap

romemeres oo

Memory Controller
Jajjonuon Klowey

Raster Engine Raster Engine




NVIDIA Fermi (GF100) Die Photo

Full size
4 GPCs
4 SMs each




(SM

Instruction Cache

Warp Scheduler Warp Scheduler

NVIDIA Fermi SM (2010) e el
I T T T T
. Core Core Core Core —
Streaming processors now called e i —
CUDA cores | - e i LoisT
32 CUDA cores per Fermi o | o LorsT
streaming multiprocessor (SM) Eael Cns —
16 SMs = 512 CUDA cores Core| (Core|
CPU-like cache hierarchy Lo/sT
* L1 cache / shared memory o LD/ST

LD/ST
* L2 cache R NS NSO 757
64 KB Shared Memory / L1 Cache

Texture units and caches now in SM
(instead of with TPC=multiple SMs in G80/GT200)




Graphics Processor Clusters (GPC)

(instead of TPC on GT200) GPC

Raster Engine

4 SMs - — — —
32 CUDA cores / SM n - n -
4 SMs / GPC =

128 cores / GPC

Decentralized rasterization

and geometry — i — i —

+ 4 raster engines

* 16 "PolyMorph” engines

PolyMorph Engine

Raster Engine Vertex Fetch Tessellator Viewport Transform

Edge Setup - Rasterizer > Z-Cull
Attribute Setup Stream Output




Dual Warp Schedulers

Warp Scheduler Warp Scheduler |

Instruction Dispatch Unit Instruction Dispatch Unit
[T T
FADD | | LD |
FADD | RCP
FFMA | FFMA
IADD | IADD
MOV LD
FFMA | SIN
IADD ICMP |
_FFMA. | ST
FFMA IADD




NVIDIA Fermi Architecture (2010)

NVIDIA GeForce GTX 480 “core”

L[]
L0

L)
L)L
L)

L
L)L
][]

Execution contexts
(128 KB)

“Shared” scratchpad memory
(16+48 KB)

Source: Fermi Compute Architecture Whitepaper
CUDA Programming Guide 3.1, Appendix G

= SIMD function unit,

control shared across 16 units
(1 MUL-ADD per clock)

- Groups of 32 fragments share an instruction
stream

« Up to 48 groups are simultaneously interleaved

« Up to 1536 individual contexts can be stored

Kayvon Fatahalian, Graphics and Imaging Architectures (CMU 15-869, Fall 2011)




NVIDIA Fermi Architecture (2010)

NVIDIA GeForce GTX 480 “core”

LI O | (12
|| migpim|n
Hj|migp(m|in
LI | (S E
LI O | (122
L0 | (1OE
L0 | (D2
LI | (S E

Execution contexts
(128 KB)

“Shared” scratchpad memory
(16+48 KB)

Source: Fermi Compute Architecture Whitepaper
CUDA Programming Guide 3.1, Appendix G

= SIMD function unit,
control shared across 16 units
(1 MUL-ADD per clock)

« The core contains 32 functional units

- Two groups are selected each clock
(decode, fetch, and execute two instruction
streams in parallel)

Kayvon Fatahalian, Graphics and Imaging Architectures (CMU 15-869, Fall 2011)




NVIDIA Fermi Architecture (2010)

NVIDIA GeForce GTX 480 “SM”

LI O | (122
0| (1OE
L0 | (D2

Hijmjgyni|n

Hijmjgyini|n

L0 | (D2

LI O | (12
|| mignm|in

Execution contexts
(128 KB)

“Shared” scratchpad memory
(16+48 KB)

Source: Fermi Compute Architecture Whitepaper
CUDA Programming Guide 3.1, Appendix G

= CUDA core
(1 MUL-ADD per clock)

« The SM contains 32 CUDA cores

- Two warps are selected each clock
(decode, fetch, and execute two warps in
parallel)

« Up to 48 warps are interleaved, totaling 1536
CUDA threads

Kayvon Fatahalian, Graphics and Imaging Architectures (CMU 15-869, Fall 2011)
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NVIDIA GeForce GTX 480

There are 15 of these things on the GTX 480

That’s 23,000 fragments!

(or 23,000 CUDA threads!)
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Kayvon Fatahalian, Graphics and Imaging Architectures ((MU 15-869, Fall 2011)




Thank you.




