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2010 Patent Leadership (18 net nngepcrtBsa)

Totals {@”‘*L Eﬁi
BM 5,896
Samsung 4,551 S
Microsoft 3,094 =
Canon 2,552
Panasonic 2,482
Toshiba 2,246
Sony 2,150
Intel 1,653 Software Systems &
LG Electronics 1,490 Group Technology
HP 1,480 Group

* Source: IFI Patent Intelligence

IBM Austin the Home of Power Systems
development: 950 Patents
#1 IBM location for 8" year Research
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2012 Patent Leadership (20 net nngepcrtsa)

Totals

IBM 6,478

Samsung 5,081

Canon 3,174

Sony 3,032

Panasonic 2,769

Microsoft 2,613

Toshiba 2,447 Software
Hon Hai Precision 2,031 Group
General Electric 1,652

LG Electronics 1,624

Source: IFI Patent Intelligence &
HP #15 1,394
Intel  #18 1,290
Oracle is not in the top 50

Research

Streaming
Analytics

Systems &
Technology
Group
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RPE2
' Announced
_ March 31, 2016
The servers shown are best in each category (sockets and number of cores) *
2000 2283
o 2069 2049 1956 2052 1974
=]
Q
s Sandy Ivy Ivy
o Bridge EP | Bridge EP | | Bridge EX |Haswell EP| Haswell EX| | Broadwell EP
1000 v 22 GH
£, 2.9 GHz 2.7 GHz 2.8 GHz 2.3 GHz 2.5 GHz < Dz
w 16 24 30 36 36 44
& Cores Cores Cores Cores Cores Cores
Xeon E5-2690 Xeon E5-2697v2  Xeon E7-4890v2 ~ Xeon E5-2699v3  Xeon E7-8890v3  Xeon E5-2699v4
Octo Core 2.9GHz ~ 12-Core 2.7GHz 15-Core 2.8GHz 18-Core 2. 3GHz 18-Core 2.5GHz 22-Core 2 2GHz

RPE2** numbers are derived from the following six benchmark inputs:

“*Gartner RPE2 Details:
hitp-/fwww gartner. comftechnology/research/RPE2-methodology-details. |sp

SAP SD Two-Tier, TPC-C, TPC-H, SPECjbb2006 and two SPEC
CPU2006 components

The data on this chart is derived from RPE2 from Gartner, Inc’s Competitive Profile tool, © 2016 Gartner, Inc. and/or its affiliates. All rights reserved,

© 2016 IBM Corporation
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Intel oTka3zanacb oT cBoe 3HAaMeHUTOMU cTpaTermm
«TUK-TaK»

TexHuKa OcHoBHaA BepcUA

Intel pelunna c6aBUTb TEMIN CMeHbI TEXHONIOTMYECKOro NnpoLecca u
yBenu4nTb BpeMsi BbiNyCcKa NpoLeccopoB ¢ 14-HM TpaH3ucTopamMu A0
HecTaHAAPTHbIX TPEX NeT.

OTkas oT CT paTernum

Intel oTkasanacbk OT cTpaTernn «TUK-Tak» MU BMECTO Hee nepenaer Ha cTpaTernto

N3 TpeX aTanoB: TEXMPOLECC-apXUTEKTYpa-onTUMmU3auma. Tak byaeTt Ha NPOTAXKEHUU
Nno KpamHen mepe OBYX CrieayoLwmx TEXHONMOrM4Yeckux npoLeccos, coodwaer
AnandTech co ccbIfikon Ha rogoBOW OTYET, B KOTOPOM Koprnopauus Usnoxuna cyTb
nepeMeH.

IameHeHne cTpaTernm npuBeaeT K TOMY, YTO Nepexoq Ha HOBYI TEXHOMOrMYECKYHo
HOpPMY Tenepb OyaeT npoucxoauTb He Tak YacTo, Kak npexae. BmecTe ¢ Tem Intel
obellaeT NbOOOMKUTL BbINVCKATh HOBbIE MDONOVKThI €XeronHo.
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A Tem BpemeHem... IBM coobuimnna 06 oTkpbIiTUM
cnocoba KOHTpPONA 0AHOBPEMEHHO 060X TUMOB

KBAQHTOBbIX OWMNOOK U ...
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IBM oTKpbIBaeT 3noxy nyo6sIM4HbIX KBAHTOBbIX
BbIYMUCIIeHUH

AeTop: AHOpen Konecoe
05.05.2016

IBM Research coobLuno o 3anycke nyonu4Horo 6ecnnartHoro
obnayHoro cepsuca IBM Quantum Experience, ¢ nTOMOLLbIO
KOTOPOro MOXXKHO Ha NpakTUKE NO3HaKOMUTbCA ¢ BO3MOXHOCTAMM

© 2016 IBM Corporation 7
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GOOGLE'S ENERGY CONSUMPTION

16 February, 2013 Arnfinn Qines Energy, News

Googles 13 data centres continuously draws 260 million watts. Below 1s an
infographic made by CO2 Sense that highlights what it takes to power Google. It

also includes statistics regarding the company’s investment in renewable energy.

IT now 10 percent of world's electricity
consumption, report finds

New analysis finds IT power suck has eclipsed aviation

By Jack Clark, 16th August 2013 | W Follow - 3,738 followers
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40 neT MuUKponpoLeccopam:. TeHOeHUnn

40 Years of Microprocessor Trend Data
10’ = -
: : ; . Transistors
: (thousands)

Single-Thread
Performance
(SpecINT x 10°)

Frequency (MHz!
Typical Power
(Watts)

Number of
Logical Cores

1970 1980 1990 2000 2010 2020

Year

Oiriginal data up o the yoar 2010 collecied and plofied by M. Homwilz, F. Labonie, O, Shacham, B Olukoben, L Hammond, and C, Balien
Mew plol and dala collecied for 2010-2015 by K. Rupp
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[naHbl pa3sutua npoueccopa POWER HEE

POWERS5/5+
130/90 nm
v'Dual Core
v'Enhanced Scaling
v'SMT
v'Distributed Switch +
v'Core Parallelism +
v'FP Performance +

v'Memory Bandwidth +
v'Virtualization

o

/6+
65/65 nm

v'Dual Core

v'High Frequencies
v'Virtualization +
v'/Memory Subsystem +
v Altivec

vInstruction Retry
v'Dynamic Energy Mgmt
vVSMT +

v'Protection Keys

P

POWER7/7+
45/32 nm

v'Eight Cores

v'On-Chip eDRAM
v'Power-Optimized Cores
v'Memory Subsystem ++
vVSMT++

v'Reliability +

v'VSM & VSX
v'Protection Keys+

POWER9

il
Bt e

POWERS
22nm

v Extreme Analytics
Optimization

v'More Cores v Extreme Big Data

v SMT+++ Optimization
v'Reliability ++ v'On-chip accelerators
v'FPGA Support

v Transactional Memory
v'PCle Acceleration

2004

2007

2010

2014



I

gp 2518 gy UIEE




®©

Power Systems

[Mpoueccop POWERS

Anpa

12 apep (SMT8)

8 dispatch, 10 issue,
16 exec pipe

2X internal data
flows/queues

Enhanced prefetching

64K K3l AaHHbIX,
32K K3l MHCTPYKLMK

AkcenepaTtopbl

Kpuntorpachus
PacwupeHune namaTtu

TpaH3aKLyMOoHHas
NamATb

Mopaepxka VMM

MepemeLieHmne
AaHHbIX [ VM

TexHonorus

22nm SOI, eDRAM, 650mm2, 4.2B transistors

Core | Core | Core
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Energy Management

 On-chip Power Management
Micro-controller

* Integrated Per-core VRM

« Critical Path Monitors

Core | Core | Core

ke R i

YBenuyeHHbIe K3Ln
*512 KB SRAM L2 / core
*96 MB eDRAM shared L3

*Up to 128 MB eDRAM L4
(off-chip)

Mamartb

*Up to 230 GB/s
sustained bandwidth

LUnHHbIEe nHTepdencobl

Durable open memory attach
interface

*UHTerpmpoBaHHbIn PCle G3
*SMP Interconnect

*CAPI (Coherent Accelerator
Processor Interface)
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roversystems AP0 POWERS8 (oTHocntensHo POWER?7) - A

SMT4 - SMT8

8 dispatch
10 issue

16 execution pipes:
2FXU,2LSU, 2 LU, 4 FPU,
2 VMX, 1 Crypto, 1 DFU,

1CR, 1BR

Larger Issue queues

(4 x 16-entry)

Larger global completion,
Load/Store reorder

Improved branch prediction
Improved unaligned storage

dCCesSS

2x L1 data cache (64 KB)

2x outstanding data cache
misses

4x translation Cache

32B = 64B L2 to L1 data bus

2x data cache to execution
dataflow

Instruction speculation
awareness

Data prefetch depth awareness
Adaptive bandwidth awareness
Topology awareness
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Instructions per Cycle

Read Memory Bandwidth

DDR Hit Ratio SIMD Ratio




Memory Buffer Chip
Power Systems ...with 16MB Cache...

©

*YMHaga cnctema KalnpoBaHuA
*OnNTMMKU3aLms aHeprmm
*HagexxHocTb

9.6 GB/s high speed interface
*NHTennekTyanbHas HageXHOCTb
*M3onsauusa cboes Ha neTty

*YMeHbLUeHHasa naTeHTHocTb fastpath
«Cache - latency/bandwidth, partial updates
Jlornka npenckasaHus

«22nm SOl for optimal performance / energy
15 metal levels (latency, bandwidth)
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Powersystems < OpraHusaumsa namaty B8 POWERS HEE]

DRAM Memory
Chips Buffer

128
GB

POWERS

T e
ey .

1

Y Intel HeT L4 n oHu nokasbiBatoT undpsbl “to the DIMM”
Hawwun 230 ['b/c BnonHe OOCTMXKMMBbI B pearsibHbIX YCITOBUSAX
Lindppebl “to-DIMM” TeopeTnyeckme, peanbHO OOCTUXUMbIE
HaMHOro Huxe (13-3a ncnosnb3yemsbix npotokonos DIMM,
9TO crnpaBeasinBO AJ1s BCEX NMpou3BoauTenen)

8 cKopoCMHbIX KaHano8, Kaxoblit 0o 9.6 6/c
do 230 I'b/c e ycmou4usom pexxume (sustained)

Ho 32 nopmoe DDR ebidarouwjux e nuke 410 I'b/c (Ha ypoeHe DRAM)
Ho 1 Tb namsimu Ha cokem (Ons1 cmapwux eepcuti — 0o 2 Tb Ha cokem)
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rowersysiems < CAP| (Coherent Accelerator Processor Interface) IR

POWERS

Virtual Addressing

*YckopuTenb paboTtaeT HanpsAMKUK C pa3gensieMon
NaMsTbio

*O6MeH JaHHbIMM C KaLLeM npoLeccopa.
*/IckntovaeT HaknagHble pacxoabl OC n gpanBepos.

Hardware Managed Cache Coherence
*CTaHOapTHbIN MEXaHU3M BITOKMPOBOK.

(I_:lus;om PCle Gen 3

araware

Ao oetes Transport for encapsulated messages
FPGA or ASIC

Cneunanun3npoBaHHble KOHTpONepbl
lNMporpamMmmMmHble yCKOpUTenu
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Coherent Accelerator Processor Interface (CAPI) Flow

IBM Supplied POWER
Service Layer

0 uolpun
u uolpun

POWERS Processor

Tunnynbin npouecc paboTtbl 1/0O

DDCall —» _ CoPy  _, MMIO Notify

—» Acceleration —» Foll/Int = Copy _ Ret.FromDD
Source Data Accelerator

Completion Result Data Completion

[Mpouecc npyn NCNonb30BaHNN KOTEPEHTHOM NaMSATH

Shared Mem.

Shared Memory
Notify Accelerator

Completion

Acceleration —»
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Coherent Accelerator Processor Interface

Non-CAPI

Accelerator

CAPI

Accelerator

20
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HeckonbKo CrnoB O
cTpaTermm B

oonactn HPC
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Power Systerms

PasButue ctpartermm annapartHbix cpeacts ansa HPC

ObLwmn gn3anH nnaTgopmbl A8 BbICOKOMPOU3BOAUTENbHbIX
BbIYNCIEHUN N BbICOKOMPOU3BOAUTENBLHON aHaNMUTUKK

YrnybneHne oTHOLWEHUN C TEXHOSTONMYECKMMUN NapTHEPaMU
CepBepbl Anst AaHHOro cermMeHTa B OCHOBHOM 2 COKeTa
Ycunenune nogaepxku InfiniBand n Ethernet

borbLliasa 4YacTtb NPOU3BOAUTESIBHOCTM Ha onepaumsix ¢
nrnasatowen Touykon éyget gocturatecsa 3a c4et GPU

CtaHpapTHble MHOYCTpUarnbHble CTOMKM N Kopnyca

= BapnaHTbl BO3QYLLUHOIMO U BOASHOIO OXNaXKAeHUst

22



o
Power Systerms

Ctparteruns pasBmTnsa NpoLecCoOpoOB apXUTEKTYpPbl
POWER

KoHconupaunsa ycunmm n gookyc Ha 0gHOM
npoLieccope (4nne) odbLlero Ha3Ha4vYeHNs Onsa Kaxxgoro

MOKOJ1IeHUHA
s nsanH ana 6onee NNOTHOW MHTErpauum ¢ BCnomMmoraTesibHbIM
obopyagoBaHnem
**MHOXeCTBEHHbIN An3aH Moaynen obecnevynBaeT pasnnyHble
KOMOUHauum namsatm u wuH /0O

Ncnonb3oBaHme yckopuTenen NnoaknoyaemMbix K
NpoLieccopy Ansi COOTBETCTBYOLWMX NaTtdopM U

NPUNOXeHUN

+*FPGA pns kommepuyeckux 3agad, Takmx kak Java, CYB[, aHanuntuka
+»GPU onsa Hay4HbIX 1 BbIMUCNUTENBHbIX 3aaau

23



OpenPOWER Foundation —
4TO, KakK, 3a4eM.

© 2015 IBM Corporation




OcHoBHble ocobeHHocTn OpenPOWER

e 3JTO 0OLlEeCTBEHHAA OpraHmM3auus, OeATENbHOCTb
KOTOPOW HE perynupyeTca Kem Obl TO HK Oblno. Hu
KOMMEPYECKMU, HU rocyaapCTBEHHbLIMU
CTPYKTypamu
Noea 6nnska Kk koHuenumm MO ¢ oTKpbITbIM KOOOM,

HO B NPUMEHEHUN K annapaType

Otnunydmne ot mupa CI10O — y4acTHUKM KOHCopUnyma
KOOMEPUPYIOTCA, a HE KOHKYPUPYIOT.

Kaxgbl y4aCTHUK genaeT CBOI YacTb UK
CO3[a€ET CBOU U3Oenunga NCronb3ys HapabdboTKu
OCTallbHbIX y4aCTHMKOB CcOODLLECTBA.

© 2015 IBM Corporation




@ OpenPOWER"

ABrycT 2013 r.

aHoHc OpenPOWER Foundation.
5 KOMMaHMnN-4rneHos

(Google, IBM, Mellanox, NVIDIA, Tyan)

MapT 2015 .
113 4yneHoB KoHcopunyma

:_ _-l - . d £ ~ ﬁ i ; i | = | i y .
- ﬁ = ﬁ!q = i ﬁ ﬁ

© 2015 IBM Corporation




®) OpenPOWER"

OTKpbITOE COOOLEeCTBO pa3padboTynKoB

P OpenPOWER" 190+ y4acTHUMKOB KOHCOpLI,I/IyMa OpenPOWER
Fsu Asrnl% ek éé*‘ Nelion (@)
g ﬁ>

UNIVERSITY

Mellor
/ University

@S CINECA Iﬁ

(.”)rackspace

the #1 managed cloud company

(=22

OVH.COM

on / HPC / Research THiww

@RICE ﬂlrzg SASTRA

,,,,, . UN]VERSITY
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Tat onal
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National Laboratory
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Power Systems

Google on POWER
 Many Google A p_fsﬁen’abled on POWER

* Majority of mfrﬂstructure port.e,d to POWER
« For most Googlers éhaﬂm P )WER is a config change

L
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Compute 5.3 TFDP - 10.6 TF SP - 21.2 TF HP

Memory HBM2: 720 GB/s - 16 GB

Interconnect ink (up to 8 way) + PCle Gen3

Page Migration Engine

R Unified Memory

Availability Ships in IBM “Minsky” System: September 2016
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POWERS with NVLink Module Interfaces

X-Bus
8B @ 4.8GHz

L2

3 Quadra B QuadraTt
MC Fabric, Pervasive MC
2 Memory DMI Ports E E 2 Memory DMI Ports
=] L4 Quadranf Lp Quadrant =
9.6GHz = — Pci Quadray s 9.6GHz
= =
o L2 L2 L2 L2 L2 L2 | ™
HHEE B R HHEE B R
| I | 1 11 1 11 111 | I . I 1 i
N_-] Core | Core | Core Core | Core | core [N\
"~ pal PCl )
PCle Gen3 x8
PCle Gen3 x16 PCle Gen3 x16

2 Bricks (16 Lanes) 2 Bricks (16 Lanes)
19.2 GHz 19.2 GHz

© 2014 IBM Corporation
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®

GPU Interconnect

NVLink Interface

High bandwidth interface far
exceeding any existing or
planned future PCle
interface

16 Lanes CPU to GPU

16 Lanes GPU to GPU

PCle Interface

Used for initiation, control
and in band reporting of GPU
status

PCle x16 interface on the
GPU, Garrison uses this
interface in x8 mode

PCle, Power, Misc

LB Quadraht LB Quadran

MC Fabric, Pervasive

L3 Quadrang

DMI: M0-M3

LIN-YIN 1IN

C

PCle Gen3 x8

PCle Gen3 x8

NV3 NV2  NVLink NV1

NVO

PCle Gen3 x16 2 Bricks

16 Lanes) 19.2 GHz

2 Bricks (16 Lanes) 19

2 GHz

2 Bricks (16 Lanes) 19.2 GHz

PCle Gen3 x8

NVO NV1 NVlink NV2 NV3

PCle, Power, Misc

© 2014 IBM Corporation
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NVIDIA Pascal GPU

Bare Die MCM

GPU Power
Regulation

Bottom Stiffener - Steel

4x Extraction Springs

2x 400 pin Meg-Array Connectors

2x Leaf Springs

Top Side Stiffener - Aluminum

2x Alignment Pins

2x Grounding Gaskets

34
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@

NVIDIA Pascal GPU c pagnatopom

IBM FRU Creation from NVidia PPN

‘Assemble TIM, heatsink & NIFs to NVidia PPN”’

35
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2 Socket P8 with NVLink + 4 GPU P100 = 21.5TFlops in 2U

Power 8 with NVLink (2x)
* 190W Sort
* Integrated NVLink 1.0

Power Supplies (2x)
+ 1300W
+ Common Form Factor Supply

Service Controller Card
* BMC Content

PCle slot (1x) Dy ol 6 RPNV Bl '
+ Gen3 PCle ) ' o
» HHHL Adapter

Water Cooling Access NVidia GPU
» Removable panel for water + SXM2 form factor
line access » NVLink 1.0
+ 300 W

PCle slot (2x) + Max of 2 per socket
* Gen3 PCle
* HHHL Adapter

/
el
(KOS
(A
Wiy !,la,:,,o,:: VL)

- b 3
——
——

36 © 2014 I1BM Corporation



37

®

Power Systems

Power Supplies (2x)
e 1300W
e Common Form Factor Supply

Service Controller Card

* Firestone BMC Content

¢ Daughter card due to planar
space constraints

PCle slot (1x)
e Gen3 PCle
e x16 HHHL Adapter

PCle slot (2x)
e Gen3 PCle

e 1,x16 HHHL Adapter
e 1, x8 HHHL Adapter

it

= k

NVidia GPU (4x)

« SXM2 form factor Power 8 with NVLink (2x) Memory DIMM'’s Riser (8x)
o NVLink 1.0 e 190W Sort e 41S DDR4 DIMMs per Riser
«300W ’ e Integrated NVLink 1.0 ¢ Single Centaur per Riser

* 2 per socket e 321S DIMM'’s total

© 2014 IBM Corporation
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NVLink: ¢oopmanbHo B 2.5 pa3a 6bicTpee cBA3b CPU-GPU
PeanbHo: 3-4I'b/c vs 17-18'b/c
Ha PCle3 Ha NVLink

Graphics Memory

PCle
32GB/s

%0 GB/S

S

NVLink Enables Fast Unified Memory Access
between CPU & GPU Memories

System
bottleneck

Graphics Memory

GPUs Limited by PCle Bandwidth
From CPU-System Memory

i

Graphics Memory

38
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Design: Flat and Fat

OunszanH “flat and fat”

= [laHHble cBOOGOAHO NpoTEKaloT
B cucteme

= [Monoca CPU: GPU noutn
Takasa e kak CncremHas
Mamats: CPU

= Ulnpokune kaHansl mexagy GPU
NOOKMNIOYEHHBIMU K TOMY Xe
COKeTYy

YcTpaHseT orpaHnyerHust PCl-e ang
MHOIMX TUMNOB 3agad

* [lukn Ha cTtapTe / cObpoc UToros

» ObecneyeHne HenpepbIBHOIO NOTOKa
AaHHbIX Host-Device

* [NocTosiHHbIE Nepecbinkn mexay 2 GPU

* CKpbITble NEPECHINKN MO LLNHE B
HanpasneHnn Host-Device

Fabric

115GB/s

115GB/s
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