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Beyond Vector/SIMD architectures

» Vector/SIMD-extended architectures are hybrid approaches
— mix (super)scalar + vector op capabilities on a single device
— highly pipelined approach to reduce memory access penalty
— tightly-closed access to shared memory: lower latency

» Evolution of Vector/SIMD-extended architectures

— PU (Processing Unit) cores with wider vector units
» x86 many-core: Intel MIC / Xeon KNL

— coprocessors (require a host scalar processor): accelerator devices
» on disjoint physical memories (e.g., Xeon KNC with PCI-Expr, ...)

— heterogeneous PUs in a SoC: multicore PUs with GPU-cores

AJProenga, Advanced Architectures, MiEl, UMinho, 2018/19 2



Intel MIC: Many Integrated Core

Intel evolution, from: Inside the SCC
* Larrabee (80-core GPU) & SCC

. § IKZe R Single-chip

N e s Cloud

| K L2 Cache 275 Computer,

g g 24x

dual-core tiles

Multi-Threaded
Wide SIMD

Texture Logic
System Interface

to MIC:

° Knights Ferry (pre-production, Stampede)
* Knights Corner

Xeon Phi co-processor up to 61 Pentium cores

» Knights Landing (&-Knrights-Mill—)

Xeon Phi full processor up to 36x dual-core Atom tilesf|

v
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Shared Multiplier
Circuit for SP/DP
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The new Knights Landing architecture

Innovation

High-bandwidth In-Package Memory

Far Memory
Performance for
memory-bound
workloads

Flexible memory
usage models

‘/CPU Package

AJProenga, Advanced Architectures, MiEl, UMinho, 2018/19 5

Intel Knights Landing in 2016:
Xeon Phi com 72 active cores
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Knights Landing Overview

™ 2x16 X4
MCDRAM  MCDRAM 1x4 DMl wcppam  mcoram
|

Chip: 36 Tiles interconnected by 2D Mesh
Tile: 2 Cores + 2 VPU/core + 1 MB L2

| pce P
Gen3 |

| Tile

Memory: MCDRAM: 16 GB on-package; High BW
DDR4: 6 channels @ 2400 up to 384GB

10: 36 lanes PCle Gen3. 4 lanes of DMI for chipset

Node: 1-Socket only

Fabric: Omni-Path on-package (not shown)

36 Tiles
connected by
2D Mesh
Interconnect

wrmzz»I0 2300 w
WrmZZ»ION A300 W

Vector Peak Perf: 3+TF DP and 6+TF SP Flops
Scalar Perf: ~3x over Knights Corner
Streams Triad (GB/s): MCDRAM : 400+; DDR: 90+

Seurce Iist. Al produck, compuder sysiems, dsies snd fgues 3
primeay ber

Omni-path not shown
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INTEL" XEON PHI™ X200 PROCESSOR OVERVIEW

Platform Memory C°m.PUte. | .
upto 384 GB DDR4 : = |Intel® Xeon® Processor Binary-Compatible

= 3+ TFLOPS, 3X ST (single-thread) per.vsknc
= 2D Mesh Architecture

Knights * Out-of-Order Cores

Landing

~ On-Package Memory (MCDRAM)
= Up to 16 GB at launch
= Over 5Xx STREAM vs. DDR4 at launch

uwpto 72 Cores

Integrated Fabric

More details in a later set of slides...
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Beyond Vector/SIMD architectures

* Vector/SIMD-extended architectures are hybrid approaches

» Evolution of Vector/SIMD-extended architectures

— PU (Processing Unit) cores with wider vector units
(more slides later)

— coprocessors (require a host scalar processor): accelerator devices
PEZY-SC

— heterogeneous PUs in a SoC: multicore PUs with GPU-cores

AJProenga, Advanced Architectures, MiEl, UMinho, 2018/19 8



PEZY-SC: Peta Exa Zetta Yotta-SuperComputer:
a 1024-core many-core processor chip
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-__ GreenS00 s

s
1 667384  Advanced Center for Computing and Shoubu - Zett ES5-2618Lv3 8C 2.3GHz, e June’2016
94 Communication, RIKEN Infiniband FD
Computational Astrophysics Laboratory, Satsuki - Zetta: E5—2618L 3 8C 2.3GHz,
2 4o6 S22 iey Infinband FOR 46.89
y . . . Sunway TaihuLight - Sunway MPP, Sunway SW26010 260C
3 1 6,051.30  National Supercomputing Center in Wuxi 1.45GHz, Sunway 15,371.00

ASUS ESC4000 FDR/G2S, Intel Xeon E5-2690v2 10C 3GHz,
4440 527209  GSIHelmholiz Center Infiniband FDR, AMD FirePro S9150 57 s

Institute of Modern Physics (IMP), Sugon Cluster W780l, Xeon E5-2640v3 8C 2.6

SIS Chinese Academy of Sciences QDR, NVIDIA Tesla K80

5 446

XStream - Cray CS-Storm, Intel Xeon E5-2680v2
Infiniband FDR, Nvidia K80

6 122 4Man Stanford Research Computing Center

RCleGen3 AR PLleGen3
X8 2Port X8 2Port
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Beyond Vector/SIMD architectures
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* Vector/SIMD-extended architectures are hybrid approaches

» Evolution of Vector/SIMD-extended architectures
— PU (Processing Unit) cores with wider vector units

(more slides later)
» other many-core: IBM Power BlueGene/Q Compute, ShenWay 260
— coprocessors (require a host scalar processor): accelerator devices

— heterogeneous PUs in a SoC: multicore PUs with GPU-cores

AJProenga, Advanced Architectures, MiEl, UMinho, 2018/19 10



IBM Power BlueGene/Q Compute (chip)

Features:

* launched in 2010/11
(TOP500: #1 in Jun12, #4 in Jun16)

* 18-cores

* 16 compute,

1 OS support, 1 redundant

: - 64 bits PowerISA

bl i £ *+ 1.6 GHz

Lo T | * L1 I/D cache => 16 kB / 16 kB
i e e - each core: quad-FPU
! - (4-wide double precision SIMD)
» each core: 4-way multi-threaded

» shared L2 cache: 32 MB
* dual memory controller

* IBM ended development of
BlueGene project in 2015...
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IBM Power BlueGene/Q Compute (Sequoia system)

7\
NN
4. Node Card

Blue Gene/Q packaging hierarchy 32 Compute Cards,

Optical Modules, Link Chips,
3. Compute Card

Torus
One single chip module, ke

16 GB DDR3 Memory

2; Modulg The List.
Shale Ghip Jun’12: #1
Nov'12: #2
Jun’13: #3
Nov’'13: #3
Jun’14: #3
Nov'14: #3
5% :;g 3;?&";’ 6. Rack 7. System Jun’15: #3
8 PCle Gen2 slots 2 Midplanes 20PF/s Nov'15: #3
1,2 or 4 /0 Drawers Jun16: #4
Nov’'16: #4

Jun’17: #5

Ref: SC2010
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SW26010: the 4x64-core 64-bit RISC processor (w/ 256-bit vector instructions & only cache L1)

One card with two nodes
(two SW26010 chips)

| Msin memory | Main memory
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* Vector/SIMD-extended architectures are hybrid approaches

Beyond Vector/SIMD architectures

» Evolution of Vector/SIMD-extended architectures
— PU (Processing Unit) cores with wider vector units

— coprocessors (require a host scalar processor): accelerator devices

(more slides later)

» ISA-free architectures, code compiled to silica: FPGA

— heterogeneous PUs in a SoC: multicore PUs with GPU-cores

AJProenga, Advanced Architectures, MiEl, UMinho, 2018/19
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What is an FPGA

BN
Field-Programmable Gate Arrays (FPGA)

A fabric with 1000s of simple configurable logic cells with LUTs,
on-chip SRAM, configurable routing and 1/O cells

Columns of

embedded RAM Input/Output Blocks
blocks
Arrays of i : ‘i
programmable
logic blocks . . . . .

Logic Blocks

ntercon
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T
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FPGA as a multiple configurable ISA

Processor § Memory

m Many coarse-grained processors
- Different Implementation Options
® Small soft scalar processor
® or Larger vector processor
® or Customized hardware pipeline

- Each with local memory

m Each processor can exploit the
fine grained parallelism of the
FPGA to more efficiently
implement it's “program”

m Possibly heterogeneous
- Optimized for different tasks

m Customizable to suit the needs
of a particular application




Before: Traditional FPGA Programming

CPU

FPGA as a computing accelerator

FPGA

User Application Accelerator
& Libraries Function

I TN

Developer uses specialized,
FPGA-specific RTL
programming languages, such
as Verilog* or VHDL*

Developer must explicitly
manage interfaces between

FPGA & CPU

AJProencga,
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After: With Acceleration Stack for Intel® Xeon® CPU with FPGAs

CPU FPGA

User Applicatio
& Libraries

Accelerator
Function

Industry Standard Software Frameworks

Acceleration Libraries

(e.g. Intel FPGA SDK for OpencL?)

Intel® Acceleration Engine
with OPAE Technology l FPGA Interface Manager (FIM)

Intel Developer Tools I

Developer uses familiar library
functions and flows

between FPGA &

Advanced Architectures,

CPU automatically
configured in software

The Intel Programmable Acceleration Card

PRODUCT BRIEF

Intel® Programmable Acceleration Card (Intel®
with Intel® Arria® 10 GX FPGAs

Introduction

This PCle-based FPGA acceleration card for data centers
offers both inline and lookaside acceleration. It provides the
performance and versatility of FPGA acceleration and is one
of several platforms supported by the Acceleration Stack

for Intel® Xeon® CPUs with FPGAs. This acceleration stack
provides a common developer interface for both application
and accelerator function developers, and includes drivers,
application programming interfaces (APIs), and an FPGA
interface manager. Together with acceleration libraries and
development tools, the acceleration stack saves developer's time
and enables code re-use across multiple Intel FPGA platforms.

N . A Intel* Programmable
The card can be deployed in a variety of servers with its low- Acceleration Card with MAC 'D‘ PROM FLASH
profile form factor, low-power dissipation, and passive heat sink. Intel* Arria® 10 GX FPGA

Targeted Workloads

« Bigdataanalytics
« Artificial intelligence NethSoF:g:;}ost .
« Video transcoding

« Cyber security

« High-performance computing (HPC), such as genomics and
oil and gas

« Financial technology, or FinTech

P
H 8x PCle*

v

intel.

PAC)
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Faster integration of

programmable acceleration cards at Intel

Intel Xeon

Processor ES
Product Family

Intel® Xeon® Processor + Field Programmable Gate Array Tool Flow

HDL Programming OpenCL™ Programming
o) =
-
zZ ° N\ '4 A’
= -
C HDL Host Kernels
sw Syn. g sw OpencCL
Compiler PAR Compiler Compiler
bit- bit-
e stream & stream
Intel® Xeon® || | FPGA | Intel Xeon { FPGA
| | | [ B

Accelerator Abstraction Layer Field ProgrammableGate Array (FPGA)
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Programming Interfaces: OpenCL™

cPU Fleld Programmable Gate Array

OpenCL
KernelCode

[ ovenc IR
[LEX<T O Application

3
OpenCLRunTime F OpenCL Kernels
G
Accelerator | Service APIL | t :Cllv\dd
Abstraction | Virtual Memory API VrtMem e
o]

Layer C
| Physical Memory AP | [ ehyscsimemoryall |  standard

Intel QPI/PCI Express®
L System Memory )

Unified application code abstracted from the hardware environment

Portable across generations and families of CPUs and FPGAs

https://www.slideshare.net/insideHPC/using-xeon-fpga-for-accelerating-hpc-workloads
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Beyond Vector/SIMD architectures
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» Vector/SIMD-extended architectures are hybrid approaches

» Evolution of Vector/SIMD-extended architectures

— PU (Processing Unit) cores with wider vector units
(more slides later)

— coprocessors (require a host scalar processor): accelerator devices

+ focus on SIMT/SIMD to hide memory latency: GPU-type approach

— heterogeneous PUs in a SoC: multicore PUs with GPU-cores

AJProenga, Advanced Architectures, MiEl, UMinho, 2018/19
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Graphical Processing Units

s Question to GPU architects:

= Given the hardware invested to do graphics well,
how can we supplement it to improve the performance
of a wider range of applications?

syuun Buissasoud |eoiydels)

m Key ideas:

= Heterogeneous execution model
« CPU is the host, GPU is the device

= Develop a C-like programming language for GPU
= Unify all forms of GPU parallelism as CUDA _threads

= Programming model follows SIMT:
“Single Instruction Multiple Thread ”

# cores/processing elements
in several devices
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Number of Physical Cores/Multiprocessors, High-End Hardware

. 2 T
Key question: 10 Xeon Phi 7290 (KNL

what is a core? Xeon Phi 7120 (KNC) —y
. . . S ) .
I . ¢ QO

a) IU+FPU?

http://www.karlrupp.net/2013/06/cpu-gpu-and-mic-hardware-characteristics-over-time/

GPU-type... .,
b) ASIMD ]
processor? 3 i
%
CPU-type.. ¢
(@]
g
This updated slide £
and in this course: y
b © "2 O : :
- b) INTEL Xeon CPUs =——de—
: : ‘ NVIDIA GeForce GPUs —Jll—
Note: the web link : . . AMD Radeon GPUs —@)—
with these plots was , INTEL Xeon Phis ——age—
updated in Aug'16 10 2008 2010 2012 2014 2016
End of Year
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Theoretical peak performance in
several computing devices (DP)

IN/N

N
7/

Theoretical Peak Performance, Double Precision

10 T T T T T
X . : ' R
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' S Qéb ECa
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103 bt e S - ks JUER VU A
3 ' v QO
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7 . .
102b-- @< e S A S
! INTEL Xeon CPUs =l
NVIDIA Tesla GPUs —{Jll—
\ . , AMD Radeon GPUs —.—
&gb $$L Q§5 ! '
e & W ' ; INTEL Xeon Phis =t
1 1 1 1 1
2008 2010 2012 2014 2016
End of Year
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Theoretical peak FP Op’s per clock cycle in
several computing devices (DP)
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Theoretical Peak Floating Point Operations per Clock Cycle, Double Precision
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S ® INTEL Xeon CPUs ——de—
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X AMD Radeon GPUs —@)—
KT o o0 ' ? INTEL Xeon Phi
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End of Year
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NVIDIA GPU Architecture

= Similarities to vector machines:
= Works well with data-level parallel problems
= Scatter-gather transfers
= Mask registers
= Large register files

sjun buissaoold |eaiydels)

» Differences:
= No scalar processor
» Uses multithreading to hide memory latency

= Has many functional units, as opposed to a few
deeply pipelined units like a vector processor

Copyright © 2012, Elsevier Inc. All rights reserved. 25

Early NVidia GPU Computing Modules

G80: Tesla C870, May'07
128 Cores /

G84:

Tesla C1060, April’09
32 Cores d

i SM

=
E
-

GT200: 240 SP Cores

@ |

2
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NVIDIA GPU Memory Structures

= Each SIMD Lane has private section of
off-chip DRAM
= “Private memory” (Local Memory)

= Contains stack frame, spilling registers, and
private variables

» Each multithreaded SIMD processor (SM)
also has local memory (Shared Memory)
= Shared by SIMD lanes / threads within a block

s Memory shared by SIMD processors (SM) is

sjun Buissasoid [eolydels

Hs el ile

GPU Memory, off-chip DRAM (Global Memory)
= Host can read and write GPU memory

The NVidia Fermi architecture

T 11—
Warp: a 32-wide [ Wepsemver ] [ Wemscreiuer 1%,

SIMT instruction K
Multithreaded

SIMD Processor

(SM, Streaming ¢
Multiprocessor)

CUDA Core

L 2 L2 L 2 | 3 | 3 | 3 |

DRAM I/F

HOST I/F

Fermi o]

d/l Nvya 4/l Nvia 4/l Nvia 4/l Nvdd

DRAMIF ¢

BEE BE EE BE EE EE EE EE

Fermi Architecture:
GF110: 512 CUDA-cores
[ Ummcashe 1 July’11
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Fermi Architecture Innovations

s Each SIMD processor has
= Two SIMD thread schedulers, two instruction dispatch units

= 16 SIMD lanes (SIMD width=32, chime=2 cycles), 16 load-store

units, 4 special function units
L stuctioncache  }

= Thus, two threads of SIMD - P wepsmear |
instructions are scheduled 2
every two clock cycles

m Fast double precision

sjun Buissasoid [eolydels

m Caches for GPU memory (16/64KB_L1/SM and global 768KB_L2)
» 64-bit addressing and unified address space

m Error correcting codes

m Faster context switching

m Faster atomic instructions

Fermi:
Multithreading and Memory Hierarchy

Thread

g Warp Scheduler Warp Scheduler
{ Instruction Dispatch Unit Instruction Dispatch Unit

e
L2 Cache

AdhbhRddhhRadb bbb ARk b bRk Ridbbibiddbbadb b nddbRddhb i
Viarp 8 instruction 11 Warp 8 instruction 11

Warp 2 instruction 42 Warp 3 instruction 33

Warp 14 instruction 85 Warp 15 instruction 55

fime

Wamp 3 iInstruction 12

Warp 3 instruction 24

Warp I instruction 43 Warp 15 mstruchon 56
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TOPS500 list in November 2010:
3 systems in the top4 use Fermi GPUs

500

The List.

HIGHLIGHTS: NOVEMBER 2010

« The Chinese Tianhe-1A system is the new No. 1 on the TOP500 and clearly in the lead with 2.57 petaflop/s

performance.

* No. 3is also a Chinese system called Nebulae, built from a Dawning TC3600 Blade system with Intel X5650
processors and NVIDIA Tesla C2050 GPUs

« There are seven petaflop/s systems in the TOP10
« The U.S. is tops in petaflop/s with three systems performing at the petaflop/s level

« The two Chinese systems and the new Japanese Tsubame 2.0 system at No. 4 are all using NVIDIA GPUs to

accelerate computation and a total of 28 systems on the list are using GPU technology.

AJProenga, Advanced Architectures, MiEl, UMinho, 2018/19 31

Families in NVidia Tesla GPUs

Tesla GPU Roadmap

O Pictures O Tesla O Fermi Kepler (single GPU) Kepler (dual GPU)

Volta

Pascal 6220

NS
©14.0

Stacked DRAM

Kepler Unified Memory
- NVLINK Interconnect

05":5‘ |
8:4
. 0Dynamic Parallelism

-
)
2
b
(7]
Q
(7]
o
o
ot |
.
&)

Tesla
005
00.4
CUDA

2008 2010 2012 2014

Table overlay: Theoretical DP GFLOPS/W of NVIDIA Tesla cards. Lig xt represents my guesses.
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to Kepler:

n

i

The Memory Hierarchy

From Ferm

y

y

Shared Memory L1 Cache

I
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From the GF110 to the

GK110 Kepler Architecture

DRAM I/F DRAM I/F DRAM I/F

“ .
: :
) ]
JEEEEEE :
BEEEEEE :
ez :
T :
i )

4/ Wv¥a 41 LSOH E:_J 4/ WY¥a

Memory Controller

|||||||||||||||||||

(B

Fermi:

512 CUDA-cores

July’11

Kepler:

2880 CUDA-cores

October’13

34
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o | [ e From Fermi to Kepler core:
||

—— — SM and the SMX Architect
Register File 32,768 x 32-bit)
SMX
Warp Scheduler Warp Scheduler Warp Scheduler Warp Scheduler
Dispatch Dispatch Dispatch Dispatch Dispatch Dispatch Dispatch Dispatch
SFU + + + + 4+ + 4+ +
Register File (65,536 x 32-bit)
4+ 4 3 3 4 4 3 3 4+ & 3 3 3 3 4+ 3 3 + 3
— Core Core Core - Core Core Core - LosT SFU |Core Core Core - Core Core Core - oisT  SFU
Core Core Core -c... Coro Core - wost [SFU [Goral [Corel [Care -Cm Core Core - Lot
SFU

Core Core Core - Core Core Core - LoisT SFU |Core (Core Core - Core Core Core - Loist

Core Core Core - Core Core Core - LoisT SFU Core Core Core - Core Core Core - LoisT

Core Core Core - Core Core Core - oisT SFU Core Core (Core - Core Core Core - LoisT
SFU

Core Core Core - Core Core Core - LosT SFU |Core Core Core - Core Core Core - LoisT

| I— Core Core Core - Core Core Core - LosT SFU Core Core Core - Core Core Core - LoisT

Core Core Core - Core Core Core - LoisT SFU [Core Core (Core - Core Core Core - Lorst

SFU Core Core Core - Core Core Core - LoisT SFU Core Core Core - Core Core Core - LoisT
Core Core Core - Core Core Core - Lo SFU. [Corel [Corel [Core - Core Core Core - Loisr

s ) Core Core Core - Core Core Core - LosT SFU [Core (Core| [Core - Core Core Core - Loist
e ‘ Core Cors Core - Core Core Core - LosT SFU [Core (Core (Core - Core Core Core - LosT

| —— ‘ Core Coro Coro - Core Coro Coro - LosT |SFU. [Core| (Core! (Core - Core Core Core - LosT
Core Core Core - Core Core Core - Lot |SFU. [Core| (Corel [Core - Core Core Core - Lorer

SMX Core Core Core - Core Core Core - LoisT |SFU Core (Corel Core - Core Core Core - LoisT
192 CUDA_CoreS Core Core Co Core| (Core Cm-msv s Core cmcon- Lorst

Ratio DPunit : SPunit —>1: 3
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From the GK110 to the
GM200 Maxwell Architecture

2880 CUDA-cores
October’13

Memory Controller

Memory Controller
J0l101u0D Kiowo

Maxwell: i EEan mman nman | GEEE GEmE GEE ____f
3072 CUDA-cores [
November’'15 s F—”_F w_w_s_“_ W_W_M_W_ g
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SMX

Instruction Cacho
‘Warp Scheduler ‘Warp Scheduler ‘Watp Schaduler Warp Scheduler
Dispatch  Dispatch Dispatch  Dispaich  Dispatch  Dispatch  Dispatch  Dispatch
e - - - 3 s - +

The move from Kepler to Maxwell :
from 15 SMXs to 48 SMMs in 6 GPCs

SMM: 128 CUDA-cores |4 e
Ratio DPunit : SPunit — 1 : 32

Instruction Cache

e e PC

EEEmE==E C

pom— pomm——
e s

Rogistr File (16,384 x 32-bit)

=
e o o [ o o o
o o [ o o o

Core o5t
o3t Core. tosr

wsr

sfu
sfu

sFy

Oisputch Ut
+

Rogistor File (16,384 x 32-bit)

o3t st

res res
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From the M200 to the
GP100 Pascal Architecture

PCI Expross 3.0 Host Interface

Maxwell:
3072 CUDA-cores
November’15

High Bandwidth Memory 2

High Bandwidt

September’16
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Pascal Architecture:
6x GPCs, 60 SMs

Instruction Buffer Instruction Buffer
Warp Scheduler Warp Scheduler
Dispetch Unit Dispatch Unit Dispatch Unit Dispatch Unit

\
. Pascal SM: S N s 4
6\4_ C U DA_CO res Regisier File (32,768 x 32-bit) Register File (32,768 x 32-bit)
\

Ratio DPunit : SPunit—>1 : 2

\
\
\
\

Core  Core

Core

Core

Core

\

Core

&
g

Core

,.
=
7]
9

Core

,
o
@
=

Core

Texture / L1 Cache

Tex Tex Tex ex

. es«sshaedMemoy
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From the GP100 to the
GV100 Volta Architecture

Pascal: S B e B || R S S B e e e
3584 CUDA-cores
November’'15

i

Jaj101u00 Aiowopy

mory Contr
(o100 Aiowsow

Me:

1o

5
3
2
8
38
2
H
E
H
H

1810u0D Kiowew

Volta: RN

5120 CUDA-cores
HBM on-package e e e e e e e e e e = e=r== ==
June’17

lemory Controll
J9j101u00 Aiowap

NVLink NVLink NVLink NVLink NVLink
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Volta Architecture:

""----6x-GPCs, 80 SMs

Dispatch U

Register File (16,384 x 32-bit)

INT |[FP32 FP32

INT |[FP32 FP32

INT [FP32 FP32

INT |[FP32 FP32

INT |[FP32 FP32

(32 thread/cl k)

TENSOR
CORE

FP32 FP32
FP32 FP32
FP32 FP32

TENSOR FP32 FP32
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Volta V100 w/ 16GB HBMZ
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| TeslaProduct | TesiaKd0 | TeslaMd0 | TesiaP100 | TestaVi00 |

Tesla accelerators:

GPU GK180 (Kepler) GM200 GP100 GV100 (Volta)
(Maxwell) (Pascal) .
s Z Z o recent evolution
TPCs 15 24 28 40
FP32 Cores / SM 192 128 64 64
FP32 Cores / GPU 2880 3072 3584 5120
FP64 Cores / SM 64 4 32 32
FPé4 Cores / GPU 960 96 1792 2560
Tensor Cores / SM NA NA NA 8
Tensor Cores / GPU NA NA NA 640
GPU Boost Clock 810/875 MHz 1114 MHz 1480 MHz 1530 MHz
Peak FP32 TFLOP/s" 5.04 6.8 10.6 15.7
Peak FP64 TFLOP/s" 1.68 .21 5.3
Peak Tensor Core NA NA NA c, NG TES LA V1 0 0
TFLOP/s’ NOAIPJFNOR Al & HPC
Texture Units 240 192 24 320 GIANT LE E
Memory Interface 384-bit GDDR5 384-bit GDDR5 4096-bit 4096-bit HBM2 VOLTA i s TENSOR o
HBM2 21B xtors | TSMC 12nm FFN | 815mm?*
5,120 CUDA cores -
Memory Size Up to 12 GB Up to 24 GB 16 GB 16 GB 7.5 FP64 TFLOPS | 15 FP32 TFLOPS é
L2 Cache Size 1536 KB 3072 KB 4096 KB 6144 KB %%1523 E:"Sf; :;;OCF;Sche 1 160845 ‘\:.i 6B/s
Shared Memory Size / 16 KB/32 KB/48 96 KB 64 KB Configurable up to 96 300 GB/s NVLink 2
SM KB KB
Register File Size / SM 256 KB 256 KB 256 KB
Register File Size / GPU 3840 KB 6144 KB 14336 KB
TDP 235 Watts 250 Watts 300 Watts
Transistors 7.1 billion 8 billion 15.3 billion 21.1 billion https://devblogs.nvidia.com/parallelforall/inside-volta/
GPU Die Size 551 mm? 601 mm? 610 mm? 815 mm?
Manufacturing Process 28 nm 28 nm 16 nm 12 nm FFN 42

FinFET+



