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The multi and manycore era
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Multi-core Xeon Manyintegratedcore(MIC) \
C/C++/Fortran, OMP/MRilk-/TBB C/C++/Fortran, OMP/MRilk-/TBB

Bootable nativeexecutionmodel PClecoprocessqgmnativeandoffloadexecutionrmodels
Up to 18cores 3 GHz, 3éreads Up to 61cores 1.2 GHz, 24threads

Up to 768 GB;8 GB/s, 432 GFLOP/s DP Up to 16 GB, 352 GBI/s, 1.2 TFLOP/s
256-bit SIMD FMA gather(AVX2) 512-bit SIMD FMA gatherscattef EMU (IMCI)

Targetecht generapurposeapplications Targetecht highlyparallelapplications

Singlehread performance (ILP) Highparallelism(DLP, TLP)
Memory capacity Highmemorybandwidth
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Intel® Coré¥ architecture roadmap
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GbSKIfSYE S [o) i generation generation generation

Haswell | FBroadwell Skylake

45nm 32nm
2008 2009 2011 2013 Sep2014

ADX and 3 other MPX,SGX
SSE4.2 AES AVX RNRANEtC. AVX2 J new instructions  AVX512 (Xeon only)

- Tick (shrink, new process technology)

- Tock (innovate, new microarchitecture)
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Haswelkexecution unit overview
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Microarchitecture buffer sizes

Extract more parallelism on every generation

Nehalem Sandy Bridgef Haswell ) Skylake
\C/)V‘ijrt]'ggvc\’,rder 128 168 192 224
In-flight Loads 48 64 72 72
In-flight Stores 32 36 42 56
Scheduler Entries 36 54 60 97
[eger Register N/A 160 168 180
FP Register File N/A 144 168 168
Allocation Queue 28/thread 28/thread L 56 ) 64/thread
e -
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Fused Multiply and Add (FMA) instruction

Example: polynomial evaluation Micro- SP FLOPs DP FLOPs
Architecture Instruction Set percycle percycle
[ ax2 + bx + ¢ J Nehalem SSE (128its) 8 4

Sandy Bridge AVX (258its)

[ X(ax + b) + ¢ J Haswell  AVX2 (FMA) (25iits) o ¢ )

2X peak FLOPs/cydgaroughput)

Latency Xeon Xeon Ratio
(clocks) E5 v2 E5v3 (lower is better)
MulPS, PD 5 5
AddPS, PD 3 3

Mul+Add /FMA 8 5 ( 0.625 >

16 cycle latency >37%educed latency
2 cycle throughput (5-cycle FMA latency same as an FP multiply)

Improves accuracy and performance for commonly used class of algorithms
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Broadwell: % generationintel® 2 NEx | NDK

Microarchitecture changes

FP instructionperformancamprovements Divide Latency {cycles)
A Decreasedatency and increased throughput for most  so
divider(radix1024)uops 40
: . N\ —55/128PS
A Pseudedoublebandwidth for scalar dividerops 30— S sz
A Vectormultiply latency decreasérom 5 to 3 cycles) 20 ....\ \\ ——256P5
: 10 ——256 PD
STLB improvements J
A Native, 16entry 1G STLB array 2006 2o
A Increased size of ST(fRm 1kB tol.5kB) Divide Throughput
. . (cycles to start next)
Enabled twasimultaneous pagmiss walks o
. —_—55
Other ISA performance improvements “ N —sp
30 >
A ADC, CMO¥ 1 uop flow o L NN\ TS
A PCLMULQDO?2 uop/7 cycles to Liop/5 cycles 10 \& :;zz:
AVCVTPS2PH (mem forgd) uopsto 3 uops 0 256D

2006 2014
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Skylake6"aISY SN} A2y LyuOaSftt

Dedicated server and client IP configurations

Branch Prediction

Improved microarchitecture
A Higher capacity froa¢nd (up to @nstr/cycle) Hop Cache
A Improved branch predictor
A DeeperOut-of-Order buffers
A More execution units, shortéatencies
A Deeper store, fill, andrite-backbuffers
A Smartemprefetchers Hop Allocation
A Improvedpage miss handling
A BetterL2 cache miss bandwidth
A Improved Hypefhreading

Execution Memory

Scheduler Scheduler
A Performance/watt enhancements
A Software Guar&xtensionsIGX Units Control
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A Memory ProtectiorExtensionsNIPX
A AVX512 (Xeon versions only)

L2 Cache ¥~Y L1-Cache
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Intel® Xeon® processor architectur
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Intel® Xeon® processors and platforms

Intel® Xeon®3 Intel® Xeon®5 Intel® Xeon®7
> > >
(@) o (@)
S = =
PCle3 PCle3 PCle3
(el eond)
Intel® Xeon® Intel® Xeon®] Intel® Xeon® Intel® Xeon® Intel® Xeon®
E51xxx E52xxx E54xxx E7#4xxx E7Ax0ooxx

E31xxx

_ =
CPU/Socket QPI >4S
- J

E52600 v3 (Haswell EP)
E52600 v4 (Broadwell EP)
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Intel® Xeon® EH00 v3 processor overview

Power Management

PCI Express 3.0
EP: 40 Lanes
Intel’HyperThreading
Technology (2 threads/core

Intel®Turbo Boost
Technology . ~2.5 MB Last Level Cache/Co
Up to 45 MB total LLC

T ey IntePAVX 2.0 /

22nm Process (Tock) B

T Memory Technology:

Intel® QuickPath Interface Intel® QuickPath Interface (x2
9.6GT/s

“ Existing Feature
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HaswelEP die configurations

14-18 Core (HCC) 10-12 Core (MCC) 4-8 Core (LCC)

PCIVEHPclrEHPclrEHPclrE
x16 || X16 || X8 |jxs esi)

R2PCI gun
5 [owc

o PCI-EHPC\-EH PCI-EHPCI-E
x16 || x16 || x8 || es)
2PCI =

I
i:"““
.

re

Chop Columns HomeAgents Cores Power(W) TransitorgB) DieArea (mm)

HCC 4 2 14-18 110145 5.69 662
MCC 3 2 6-12 65-160 3.84 492
LCC 2 1 4-8 55-140 2.60 354
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Cluster on die (COD) mode

Supported orlS/2S HSWEP SKUBsith 2
Home Agents (10+ cores)

In memory directory bitand directorycache
used on 2S to reduce coherence traffic and
cacheto-cache transfer latencies

Targeted at NUMA optimized workloads
where latency is more important than
sharing across CachiAgents Cbg

A Reduces average LLC hit and local memory
latencies

A HA sees most requests from reduced set of thre
which can lead to higher memdgndwidth

OS/VMM own NUMA and process affinity
decisions
A Exported as 2 NUMA nodes

COD Mode for 18C 2600 v3

BAYNCORE
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Relative performance

BAYNCORE

Intel® Xeon® EX%00 v3 product family

Intel® Xeon® E%99 v3 (18C, 2.3GHz) vs. Intel® Xeof®ELV2 (12C, 2.7GHz)

Baseline
E5-2697 v2

Computer
Aided
Engineering

Life Sciences

SEl&%ernel2
SEl%ernel3

Energy Numerical Financial
Weather Services

More information ahttp://www.intel.com/performance
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http://www.intel.com/performance

BAYNCORE
Intel® Xeon® E&00 v4 processor overview

New features New processor technologies

Broadwelluarch 14nm Memory BW monitoring
Optimize cloud/datacentre performancelmproved virtualization and security
Socket compatible o@rantleyplatform  TSX (HLE/RTM) enabled

Features Xeon EER600 v3 Xeon ER600 v4
(HasweHEP) (BroadwelEP)

Up to 36 threads Up to 44 threads
Up to 45 MB Up to 55 MB
2% QP 1.1 channedst, 8.0, 9.6 GT/s
40/10/PCI8.0 (2.5, 5, 8 GT/s)
4 channel®f up to 3 +3DS.RDIMM
RDIMMs of 3 LRDIMMs
Up to 2133 Up to 2400
160 (Workstation only), 145, 135, 120, 105, 90, 85, 65, 55
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Broadwell EP die configurations

Up to 14 Core (MCC) Up to 8 Core (LCC)

Up to 22 Core (HCC)
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architecture

Intel® Many Integrated Core architecture (Intel® MIC)

BAYNCORE
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Intel® Xeon PM coprocessor Intel® Xeon PM coprocessor Upcoming generation of thd
x100 product family x200 product family Intel® MIC architecture
GYYAIKGE [/ 2NFBWEIKGT A [ | YRAWEZEK
2013 HI QHAMDpP 20177
22 nm process 14 nm process 10 nm process
1 TeraFLOPP peak 3+TeraFLOPP peak ?
57-61 cores 72 cores (36 tiles) ?
In-order core architecture Out-of-order architecture based on Intef@om™ core
1 Vector Unit per core 2 Vector Units per core
Up to 3x single thread performance w.r.t. Knights Corner
6-16 GB GDDR5 memory On package,-86 GB high bandwidth memory (HBM) ?

with flexible models: cache, flat, hybrid
Up to 768 GB DDR4 main memory

Intel® Initial Many Core Instructions Intel® Advanced Vector ExtensiohgX512) ?
(IMIC) Binary compatible with AVX2
PClecoprocessor Stand alone processor aReClecoprocessor versions ?
Intel® True Scale fabric Intel® Omnat I G Ku FIF 0 NRO 2nd generation Intel®
(integrated in some models) Omnit | { fifbwic

22
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https://software.intel.com/en-us/blogs/2013/avx-512-instructions

Xeon Phi™ Coprocessor

Active cooling

intel’

Xeon Phi” Coprocessor

Passive cooling

Dense form

factor v

No thermal solutionX)

(*) Special promotioninder $200

Family

7/ Family

Highesperformance,
more memory
Performance leadership

5 Family

Optimized for high density
environments
Performance/watt leadership

3 Family

Outstanding parallel
computingsolution
Performance/$ leadership

BAYNCORE
Intel® Xeon P coprocessor product lineup

Specifications

61 cores
16GBGDDR5
352 GB/s
> 1.2TF DP
270-300W TDP

60 cores
8GB GDDR5
320-352GB/s
> 1TF DP
225245WTDP

57 cores
6-8GB GDDR5
240-320GB/s

>1TF DP
270-300WTDP

Product name

7120PO v H QM 0
7120X0 v H QMmO
7120DO0 v M Q M n
7120A0 v H QM

c-c- G C

5110PO v n QMH U b
5120D0 v H QMo U b

3120A0 v H QMO U
3120P6 v H QMO0
31SIB VHQMOU F

C-

(Bpecial offewith a free 12month trial of Intel® Parallel Studio XE Cluster Edition
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http://ark.intel.com/products/75799/Intel-Xeon-Phi-Coprocessor-7120P-16GB-1_238-GHz-61-core
http://ark.intel.com/products/75800/Intel-Xeon-Phi-Coprocessor-7120X-16GB-1_238-GHz-61-core
http://ark.intel.com/products/80310/Intel-Xeon-Phi-Coprocessor-7120D-16GB-1_238-GHz-61-core
http://ark.intel.com/products/80555/Intel-Xeon-Phi-Coprocessor-7120A-16GB-1_238-GHz-61-core
http://ark.intel.com/products/71992/Intel-Xeon-Phi-Coprocessor-5110P-8GB-1_053-GHz-60-core
http://ark.intel.com/products/75801/Intel-Xeon-Phi-Coprocessor-5120D-8GB-1_053-GHz-60-core
http://ark.intel.com/products/75797/Intel-Xeon-Phi-Coprocessor-3120A-6GB-1_100-GHz-57-core
http://ark.intel.com/products/75798/Intel-Xeon-Phi-Coprocessor-3120P-6GB-1_100-GHz-57-core
http://ark.intel.com/products/79539/Intel-Xeon-Phi-Coprocessor-31S1P-8GB-1_100-GHz-57-core
http://www.colfax-intl.com/nd/xeonphi/31s1p-promo.aspx
https://software.intel.com/en-us/code-modernization-enablement

BAYNCORE
Intel® Xeon PH platform architecture

Each coprocessor connected to one host

Gl  throughPClebus

CPU o™

(inteD s | Xeon APCl&Gen 2 (clientx16
T PCI-Express 18 on A Between 614 GB/s (relatively slow)
™S host @,‘; AUp to 8 coprocessors per host
e AlInter-node coprocessors communication
e gramm—— th rough Ethernet oinfiniBand
1to 2 Intel Xeon processors (CPUs) A InfiniBandallowsPClepeer-to-peer
1 to 8 Intel Xeon Phi Coprocessors per host interconnect without host intervention

(c) 2013 Jim Jeffers and JarResndersused with permission.

Each coprocess@an be accessetb a
network node
Alt has its own IP address

ARuns a specialLinuxOS BusyBox
A Intel® Many Core Software Stack (MPSS)

24
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http://www.busybox.net/
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Intel® Xeon PH uncorearchitecture
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(c) 2013 Jim Jeffers and JarResndersused with permission.

High bandwidth interconnect
ABidirectional ring topology

Fully cacheoherent SMP ocf-chip
ADistributed global tag directory (TD)
AAbout3la. 2F &[ n Of 2 dzR

A >100cycle latency for remote L2 access

8-16 GB GDDR5 main memory (ECC)

A8 memory controllers (MC)
A >300cycle latency access

A2 GDDRB2-bit channels per MC
AUp to 5.5 GT/s per channel

A 352 GB/s max. theoretic bandwidth
A Practical peak about 1580 GB/s

ECC on GDDR5/L2 for reliability

25
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Intel® Xeon PW core architecture
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4-Threads

In-Order Decode

Pipe 0
¥

¥
X87 RF

l xa?

Code Cache Miss l
TLBMiss
16B/Cycle (2d IPC)
uCode
TLB
Pipe 1 Miss L2 512 KB
Handler—> Ct| L2 Cache
LJ I_'|' L2 TLB
Scalar RF
ALUD ALU1

TLB Miss
DCache Miss

To On-Die Interconnect

(c) 2013 Jim Jeffers and JarResndersused with permission.

Based on Intel® Pentium® family
A2-wide decode/issue pipeline
Aln-order execution

4 hardware threads per core
512-bit SIMD vector unit

Alntel® Initial Many Core Instructions (IMCI
64-bit datapath/ 64-bit addressing

Per core L1/L2 caches

A3-cycle/15cyclelatency access
AIL132KB, DL1 32KB, UL2 512 KB
AL2 HW streamingrefetcher

26
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Significant performance improvement with

Intel® XeorlPhi™ performance improvement

x  Xeon = Intel® Xeon® processor

x Xeon Phi = IntelE Xeon PhiE copr
Segment Application/Code Performancess. 2S Xeon*
DCC NEC/Video Transcodingse study Up to 3.0%
Seismic Imaging ISO3DFD Proxy 16th order Isotropic Rarkikl Up to 1.45%
Energy Seismic Imaging 3DFD TTPRxy 8th ordeRTM(complex structures) ~ Upto 1;23>°( ) o
PetrobrasSeismic ISBDRTMO g A G K MZH X0 2NJ n Ly dSt tUpto 2322 8.4x 46X or 56x2 LIN2 OS & & ;
BlackScholeSP/DP SP: Up to 2.12xDP Up to 1.72x
Financial Services Monte Carlo European Option S SP: Up to 2% DP Up to 3.13x
Monte Carlo RNG European BP/ SP: Up to 1.58x DP Up to 1.17x
Binomial Options PP SP: Up to 1.88xDP Up to 1.85x
BWA/Bielnformatics Up to 1.5%
Life Science Wayne State University/MiPImmer Up to 1.56%
GROMACS/Molecular Dynamics Up to 1.36%
SR ——— ANSYS/Mechanical SMP Up to 1.88%
9 SandiaMantevo/miniFEcase study Up to 2.3%
ZIB (Zus#nstitut Berlin)Ising3D (Solid State Physics) Up to 3.46%
Physics ASKAP tHogbomClean (astronomy) Up to 1.73%
PrincetonGTGP GyrokineticTorodia) Turbulence Simulation IVB Up to 1.18%
Weather WRF /Code WRF V3.5 1.56%
2S Xeon E5 2670 vs. 2S Xeon* E5 2670 + 1 Xeon Phi* coprocessor (Symmetric) ore information unte|® Xeon PW Applica‘[ions and Solutions Catalog
2S Xeon E5 2670 vs. 2S Xeon E5 2670 +2 Xeon Phi E coprocessor
2SXeonE5-2697v2 vs. 1 Xeon PhiE coprocessor (Native Mode)

2SXeonE5-2697v2 vs. 2S Xeon E5 2697v2 +1 Xeon Pdirobfas,capr ®c es oar 4( Xyerome tPrhii cd sMd che )t h(ef sry st e m)
2S Xeon E5 2670 vs. 2S Xeon* E5 2670 + 1 Xeon Phi* coprocessor (Symmetric) (only 2 Xeon cores used to optimize licensing costs)
4 nodes of 2S E5-2697v2 vs. 4 nodes of E5-26 97v2 + 1 Xeon Phi E coprocessor (Symmetric)

omhwNE
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http://software.intel.com/en-us/articles/sdp-case-studies
https://software.intel.com/en-us/articles/running-minife-on-intel-xeon-phi-coprocessors
https://software.intel.com/en-us/articles/intel-xeon-phi-coprocessor-applications-and-solutions-catalog

BAYNCORE

Knights Landing™2generation Intel&eonPhi’™

Performance

3+TeraFLOP& doubleprecision peakheoretical
performance per single socket node

3x Singlerhread Performance compared to Knight
Corner

Mostoft2 Rl 8 Q& LJ- NJ £ f Sf

to KNL simplipy recompile

2 LJd

Integration

Intel® Omni G Knu FlFOoNRO Ay (S3

Over 5x STREAM. DDR4
(Over 400 GB/s vs 90 GB/s)

High Up to 16GRat launch

performance| NUMA support

on-package | Over 5x Energy Efficiency vs. GDDR

memory | Over 3x Density v&DDR5
(MCDRAM)| In partnership with Micron Technolog
Flexible memory modesacluding
cache and flat

Server processor

Microarchitecture

Over 8billionGi NI yaA ad2NB LISNJ RAS

14 nanometemanufacturing technology

Binary compatible witintel® Xeon® Processaiish
supportfor Intel® Advanced Vector Extensions 512
(PRI BVES NZR

72 cores in a 2D Mesh architecture

2 cores per tile with 2 VPUs per core

1IMBL2 cache shared between 2 cores in a tile
(cachecoherent)

4 Threads / Core

2X Outof-OrderBuffer Depth

1
Cores based on Intel Gather/scatter in hardware

' A . ’
! U 2 YSivermony Advanced BrancRrediction

microarchitecture wit High cache bandwidth

many HPC 32KBIcache Dcache

enhancements 2 X 64B Load ports dcache

46/48 Physical/virtual address b

Multiple NUMA domain support per socket

Standalone bootable processpunning host OS) andRClecoprocesso(PCle

end-point device)

Availability

First commercidl t /

aeaisSvya Ay HI Qump

Platform memoryup to 384GBDDR4using 6 channels

Knights Corner to Knights Landing upgrade program available today

wWSEAFOALAGGE loXA YNISHE A ARBNIISNG £ 0

Power Efficiency (Oveb% better than discreteoprocessorhA Over 10 GF/W

Density (3-KNL with fabric in 1U)

Up to 36 lane®Clé Gen 3.0

Intel Adams Pass board (1U hailith) is custom designed for Knights
Landing (KNL) and will be available to system integrators for KNL lay
the board is OCP Open Rack 1.0 compliant, featuwesdive DDR4
(1866/2133/2400MHz) and 36 lanes of integragclé Gen 3 1/0

(@]
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Knights Landing platform overview

Single socket node
A 36 tiles connectetdy coherent 2BMesh
A Every tile is ®oOcores +
2 512bit VPU/core + MBL2
Memory
A MCDRAM16 GB orpackage; High BW
A DDR46 channels @ 2400 up to 384GB

IO & Fabric
A 36lanesPCleGen3
A 41anes of DMI fochipset
A Onpackage Om#Path fabric
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