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The Road to

Gen 11

Gen 8

Gen 7

Gen 6

Gen 1

Gen 2

Gen 3

Gen 4

Gen 5

Gen 9

Discrete Chipset Integrated



Architecture Goals

SCALABILITY & CONFIGURABILITY

NEW CAPABILITIES

POWER, PERFORMANCE & AREA



Intel GPU Architecture
One Architecture and 4 Micro Architectures
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High Level        Architecture

• 3D / Compute Slice

• Media Slice

• Memory Fabric / Cache

Command Frond End
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3D/Compute Slice

• Variable number of Subslices

• 3D Fixed Function (optional)

– Geometry

– Setup and Raster

– Color, Z, HiZ
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Subslice

• 16 EUs 

• Thread dispatch

• Instruction cache

• L1, texture cache and shared local memory

• Load / Store

• Fixed Function (optional)

– 3D sampler

– Media sampler

– Ray Tracing
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Thread 

Dispatch

EU EU EU EU

EU EU EU EU

EU EU EU EU

EU EU EU EU

L1$    Tex$    SLM

I$

S
a

m
p

le
r

M
e

d
ia

 S
a

m
p

le
r

R
a

y
 T

ra
ci

n
g

Lo
a

d
 /

 S
to

re



Execution Unit

• Thread control

• Register file

• Branch

• Send

• Multiple issue ports

• Configurable mapping of vector pipes

– Floating Point

– Integer

– Extended Math

– FP64 (optional)

– Matrix Extension (XMX) (optional)
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Media Slice

• Media slices are independent

• Software can distribute a high-resolution stream 

across multiple slices

• Fixed function units:

– MFX - encode / decode / transcode

– SFC - scaling and format conversion

– VQE - video quality engine

  Xe Media Slice
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Multi-format
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Memory Fabric

Coherent Scalable Interconnect Fabric

• Slices

• L3 + Rambo (optional)

• SoC infrastructure

– PCIe

– Display (optional)

– Memory Controller

– Local Memory  (optional)

• Extendable (optional)
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  Local Memory

DDR4 LP4x LP5x GDDR6 HBM2e
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Intra-Package Scaling 

• Xe instantiated as a tile 

• EMIB bridges interconnect tiles over XeMF

• Package-time option to integrate up to 4 tiles

Multi-tile GPU



Inter-Package Scaling

• Xe Link for system level scalability

• Connect through XeMF

• Xe
HPC implementation: I/O tiles and EMIB



Low Power 

Optimized

Single slice design

Integrated and discrete

…

In production

Tiger Lake

DG1

SG1

Discrete Gaming Optimized

GDDR6 memory

Ray tracing

…

In the lab

TBD

Machine Learning &

Media Optimized

1-4 tiles per package

HBM2e memory

…

In the lab

TBD

HPC & Machine Learning 

Optimized

1-2 tiles per package

HBM2e memory

Xe Link interconnect

Co-EMIB (Foveros + EMIB)

…

In fabrication

Ponte Vecchio

Micro-architectures



PRODUCTS

TIGERLAKE
L E A D E R S H I P  I N T E G R A T E D  G R A P H I C S

DG1
G P U  F O R  M O B I L E  C R E A T O R S

SG1
V I S U A L  C L O U D  F O R  G P U  S T R E A M I N G



~2X 3D/Compute performance 

at ~iso-area and ~iso-power 

vs. prior generation

Tiger Lake SoC with Xe
LP GPU

Ambitious GoalsLP



1.5x Larger Engine

Up to 

96 EUs

Up to 

48 Texels/Clock

1536 Flops/Clock

Up to 

24 Pixels/Clock

LP



Efficiency Improvements

• Frequency uplift at iso voltage

• Greater dynamic range

• Repipelining

• Bottlenecks analysis

Graph for i l lustrative purposes only
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Execution Unit

• High-efficiency thread control

– Software score boarding

– Pairs of EUs run in lockstep

• 8-wide FP/INT ALU

– 2x INT16 and INT32 rates

– Fast INT8 with DP4A

• 2-wide Extended Math ALU

  Gen11 EU

Thread Control

Issue Port 0

B
ra

n
ch

S
e

n
d

FP INT

Issue Port 1

FP EM

Register File

  Xe
LP EU

S
e

n
d

  Xe
LP EU

S
e

n
dIP 1

EM

Thread Control

B
ra

n
ch

Issue Port 0

FP INT

IP 1

EM

Issue Port 0

FP INT

Register File Register File

LP



Memory System

• New L1 data cache

• Up to 16 MB L3

• 2x GTI bandwidth

• End-to-end compression

• Support for local memory (optional)

LP
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Media Engine

• Up to 2x encode/decode throughput

• AV1 decode acceleration

• HEVC screen content coding support

• 4K/8K60 playback

• HDR/Dolby Vision playback

• 12-bit end-to-end video pipeline

LP



In the LabHP



Multi-tile GPU

1-Ti le 2-Ti le 4-Ti le
>10 FP32 TFLOPS >20 FP32 TFLOPS >40 FP32 TFLOPS

HP



Building

TBA

TBA

SuperFinBASE TILE

COMPUTE TILE

RAMBO CACHE TILE

Xe LINK I/O TILE

Enhanced SuperFin

External

SuperFin

Intel Next Gen & External

Enhanced SuperFin

External

PONTE

VECCHIO

SG1

DG1

TIGER LAKE

FOVEROS

CO-EMIB

EMIB

STANDARD

STANDARD

Packaging ProcessµArchitecture



Recap

Highly Configurable as family of microarchitectures

Scalable to 1000s of Execution Units

New Capabilities across 3D, Compute, Media, Display

Significant Perf/W and Perf/mm2 increases





Legal Disclaimers
Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors. 

Performance tests, such as SYSmark and MobileMark, are measured using specific computer systems, components, software, operations and functions.  Any change to any of those f actors may cause the 

results to vary.  You should consult other information and performance tests to assist you in fully evaluating your contempla ted purchases, including the performance of that product when combined with 

other products.   For more complete information visit www.intel.com/benchmarks.

Intel's compilers may or may not optimize to the same degree for non-Intel microprocessors for optimizations that are not unique to Intel microprocessors. These optimizations include SSE2, SSE3, and 

SSSE3 instruction sets and other optimizations. Intel does not guarantee the availability, functionality, or effectiveness of any optimization on microprocessors not manufactured by Intel. Microprocessor -

dependent optimizations in this product are intended for use with Intel microprocessors. Certain optimizations not specific to Intel microarchitecture are reserved for Intel microprocessors. Please refer to 

the applicable product User and Reference Guides for more information regarding the specific instruction sets covered by this notice.

Performance results are based on testing as of dates shown in configurations and may not reflect all  publicly available ​upda tes. For testing details and system configurations, please contact your intel 

representative. No product or component can be absolutely secure.

Results that are based on pre-production systems and components as well as results that have been estimated or simulated using a n Intel Reference Platform (an internal example new system), internal 

Intel analysis or architecture simulation or modeling are provided to you for informational purposes only.  Results may vary based on future changes to any systems, components, specifications, or 

configurations.  Intel technologies may require enabled hardware, software or service activation. 

Intel contributes to the development of benchmarks by participating in, sponsoring, and/or contributing technical support to various benchmarking groups, including the BenchmarkXPRT Development 

Community administered by Principled Technologies.

Statements in this presentation that refer to future plans and expectations are forward-looking statements that involve a number of risks and uncertainties. Words such as “anticipates,” “expects,” 
“intends,” “goals,” “plans,” “believes,” “seeks,” “estimates,” “continues,” “may,” “will ,” “would,” “should,” “could,” and va riations of such words and similar expressions are intended to identify such 

forward-looking statements. Statements that refer to or are based on estimates, forecasts, projections, uncertain events or assumptions, including statements relating to future products and technology 

and the expected availability and benefits of such products and technology, market opportunity, and anticipated trends in our businesses or the markets relevant to them, also identify forward-looking 

statements. Such statements are based on management's current expectations and involve many risks and uncertainties that coul d cause actual results to differ materially from those expressed or implied 

in these forward-looking statements. Important factors that could cause actual results to differ materially from the company's expectations are set forth in Intel's earnings release dated July 23, 2020, 

which is included as an exhibit to Intel’s Form 8-K furnished to the SEC on such date, and Intel's SEC fi l ings, including the company's most recent reports on Forms 10-K and 10-Q. Copies of Intel's Form 10-

K, 10-Q and 8-K reports may be obtained by visiting our Investor Relations website at www.intc.com or the SEC's website at www.s ec.gov. Intel does not undertake, and expressly disclaims any duty, to 

update any statement made in this presentation, whether as a result of new information, new developments or otherwise, except to the extent that disclosure may be required by law.

Intel does not control or audit third-party data.  You should consult other sources to evaluate accuracy.

© Intel Corporation.  Intel, the Intel logo, and other Intel marks are trademarks of Intel Corporation or its subsidiaries.  Other names and brands may be claimed as the property of others.
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