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Power Systems

[1TnaHbl pa3sutua npoueccopa POWER

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

\WER6/6+
65/65 nm

v'Dual Core

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

vInstruction Retry
v'Dynamic Energy Mgmt
vV'SMT +

v'Protection Keys

P

POWERT7/7+
45/32 nm

v'Eight Cores

v'On-Chip eDRAM
v'Power-Optimized Cores
v'"Memory Subsystem ++
vV SMT++

v'Reliability +

v'VSM & VSX
v'Protection Keys+

=1 POWER9
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POWERS
22nm

v Extreme Analytics
Optimization

v Extreme Big Data
Optimization

v'On-chip accelerators

v'More Cores

vV SMT+++

v'Reliability ++

v'FPGA Support

v Transactional Memory
v'PCle Acceleration

2004

2007

2010

2014
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Power Systems

[Tpoueccop POWERS

Anpa

12 apep (SMT8)

8 dispatch, 10 issue,
16 exec pipe

2X internal data
flows/queues

Enhanced prefetching

64K K3l gaHHbIX,
32K K3 MHCTPYKLMK

Akcenepartopbl

Kpuntorpadcus
PacwupeHune namaTtu

TpaH3aKuMOHHasA
namaTb

Moanepxka VMM

MepemelueHune
AaHHbIX [ VM

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

Core | Core | Core

Core | Core

L2
Core

L2 .

Core | Core | Core

Energy Management

* On-chip Power Management
Micro-controller

* Integrated Per-core VRM

» Critical Path Monitors

YBenu4yeHHblIe K3lu
*512 KB SRAM L2 / core
*96 MB eDRAM shared L3

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

MamaTtb

*Up to 230 GB/s
sustained bandwidth

LUnHHbIEe uHTepdencol

*Durable open memory attach
interface

*UnTerpupoBaHHbIn PCle G3
*SMP Interconnect

*CAPI (Coherent Accelerator
Processor Interface)



PowerSystems@ Appo POWERS (oTHocutenosHo POWER7)

SMT4 -> SMT8
8 dispatch
10 issue

16 execution pipes:

2 FXU,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
access

« 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



P Memory Buffer Chip
..with 16 MB Cache...
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AN

DRAM Memot y
Chi Buffer
EE T

“I.4 cache”

*YMHas cuctema KaLumMpoBaHUS
*OnTMmMmnsauma aHeprum 4l
HapexHocTb s = Scheduler B
Management
0.6 GB/s high speed interface
*HTennekTyanbHasa Ha4EeXHOCTb
*M3onauunsa cboes Ha neTy

*YMeHbLUeHHada nateHTHocTb fastpath
«Cache - latency/bandwidth, partial updates
Jlornka npegckasanus

«22nm SOI for optimal performance / energy
15 metal levels (latency, bandwidth)




)
&

OpraHunzauuns namatm 8 POWERS

DRAM Memory
Chips Buffer

128
GB

Power Systems

POWERS

* Y Intel HeT L4 n oHM nokasbliBaloT mebpbl “to the DIMM”
* Hawwu 230 'b/c BnonHe AOCTUXNMbI B pearibHbIX YCIOBUSAX
Lindppel “to-DIMM” TeopeTtuyeckme, pearnibHO AOCTUXUMBbIE

HaMHOro HMxe (13-3a ucnosb3yembix NpoTokonos DIMM, aTo
crnpaBennmBo A BCeX NPon3BoauUTESIEN)

Mo 32 nopmoe DDR ebidaroujux e nuke 410 I'b/c (Ha yposHe DRAM)
Ho 1 Tb namsimu Ha cokem (05151 cmapwux eepcul — do 2 Tb Ha cokem)



~ CAPI (Coherent Accelerator Processor Interface)

Power Systems

POWERS
Virtual Addressing ‘

*YckopuTenb paboTaeT HanpaMUK C pasaensaemMmon 2o N ReT
NamMsaTbio £y iy s
*OBMeH JaHHbIMK C K3LLeM npoLeccopa. =

MckntoyaeT HaknagHble pacxoasl OC v apaiiBepos.

Hardware Managed Cache Coherence

by el

oy |
2.
v

«CTaHOapTHbIN MeXaHNU3M OrOKUMPOBOK. 2l 15 ok
Custom PCle Gen 3
Hardware Transport for encapsulated messages
Application
FPGA or ASIC

Cneuuan N3NPpoBaHHbIE KOHTPOIJIepPbl
I'IporpaMMHble yCKopuTtenum
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Coherent Accelerator Processor Interface (CAPI) Flow

IBM Supplied POWER
Service Layer

TunuyHbIn Npouecc paboTol I/O

Copy MMIO Notify . Poll / Int Copy
—> — —> — —>
RO Source Data Accelerator I SO Completion Result Data

I'Ipou,ecc npn NCnoJib3oBaHN" KOFepeHTHOlZ naMmaTn

Shared Mem. . Shared Memory
—> —
Notify Accelerator Acceleration Completion

Ret. From DD
Completion
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Coherent Accelerator Processor Interface

Non-CAPI

Accelerator

Accelerator

10



OpenPOWER Foundation —
YTO, KaK, 3a4EM.




OcHoBHble ocobeHHocT OpenPOWER

e IOTO 0OLLEeCTBEHHAs! OpraHmM3auuns, 0esaTernlbHOCTb
KOTOPOW HE perynupyetcs Kem Obl TO HU ObIfo. Hu
KOMMEPYECKUMUN, HU rocydapCTBEHHbIMU
CTPYKTYypamu

* pesa bnmnaka K koHuenuun MNO ¢ oTKPpbITbIM KOOOM,
HO B NPUMEHEHUN K annapartype

e OTtnunume ot mupa CI10O — y4yaCTHMKM KOHCOopUnyMa
KOOMEPUPYIOTCS, a HE KOHKYPUPYIOT.

« KaxObl yH4acTHUK genaeT CBOK YacTb UMM Co3aaeT
CBOM N30enus NCrosb3yst HapaboTKM ocTarnbHbIX
y4aCTHUKOB cooDLlEeCTBAa.

© 2015 IBM Corporation



@ OpenPOWER"

ABrycTt 2013 r. 113
aHoHc OpenPOWER Foundation.

5 KOMNaHNN-4reHoB ace o M
(Google, IBM, Mellanox, NVIDIA, Tyan) o = o deld

Uiy

.VI 1 |

MapT 2015 .
113 4neHoB KOHCOpLUWyMa

© 2015 IBM Corporation



#. OpenPOWER

OTKpbITOE COOOLECTBO pa3paboTYMKOB

P OpenPOWER 190+ yHaCTHI/IKOB KOHCOpLI,I/IyMa OpenPOWER
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Google on POWER
« Many Google ps enabled on POWER

« Majority of mfrastructure pQg.gd to POWER
- For most Googlers, éhaﬂm 2 DWER |
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HeckonbKo CrnoB O
cTpaTerum
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Pa3BuTtue crtpartermm annapatHbix cpeacts ana HPC

Obwmnm ansamH nnaTgopmbl A5 BbICOKOMNPOU3BOAUTESNbHbIX
BbIYUCIEHUN N BbICOKOMPOU3BOAUTENBHON aHalNMMTUKK

YrnybneHne OTHOLWEHUN C TEXHOTOMMYECKMMUN NapTHEPaAMU
CepBepsbl Ang JaHHOro cermeHTa B OCHOBHOM 2 COKeTa
Ycunenune nogaepxku InfiniBand n Ethernet

bonblias YyacTb NPOU3BOAUTENBHOCTM Ha onepaumnsax C
nraBaroLLEeEN TOUKON byaeT gocturatbca 3a cHet GPU

CtaHpaapTHble MHAYCTpUanbHble CTOWKM U Koprnyca

= BapuaHTbl BO34YLLUHOIMO U BOASHOIO OXNaXKAeHUs

18
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Ctparteruns pasBuTus NpoLecCoOpPOB apXUTEKTYPblI
POWER

KoHconupaunsa ycunmm n gookyc Ha 0gHOM
npoLeccope (4nne) odbLiero HazHa4YeHNsa O Kaxgoro

MOKOJ1IeHUNH
s nsanH ana donee NNOTHOW MHTErpauum ¢ BCnomMmoraTesibHbIM
obopygoBaHnem
**MHOXeCTBEHHbIN An3anH Moaynen obecnevynBaeT pasnnyHble
KOMOUHauUum namsatm v wuH 1/0

icnonb3oBaHWe yckopuTeneun nogknioyaeMbix K
npoueccopy A1 COOTBETCTBYOLWMX NNAaTgOpM U

NPUNoXeHnn
*FPGA onga kommep4yeckux 3agad, Takmx kak Java, CYb/[], aHanutuka
“*GPU ana Hay4HbIX N BblYUCNUTENBHbIX 3a4au4

19
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NVIDIA GPU Roadmap

Kepler
CUDAS5.5-7.0
Unified Memory

| PCle
|

- POWERS
, | || I | | |
Buffered
Memory

Pascal
CUDA 8
Full GPU Paging

NVLink 1.0

- POWERS8+
ITII m

&

NVIDIA

Volta
CUDA 9
Cache Coherent

NVLink 2.0

F POWERS

2014-2015

2016

2017

20
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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

21
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NVIDIA Pascal GPU c paguaTtopom

IBM FRU Creation from NVidia PPN

“Assemble TIM, heatsink & NIFs to NVidia PPN”

22
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2 Socket P8 with NVLIink, 4 GPU

Power Supplies (2x)
- 1300W

Service Controller Card + Common Form Factor Supply

* BMC Content

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

* Integrated NVLink 1.0

PCle slot (1x)
» Gen3 PCle
* HHHL Adapter

Water Cooling Access

* Removable panel for water
line access

NVidia GPU
* SXM2 form factor
« NVLink 1.0
{ « 300 W
PCle slot (2x) , : :
+ Gen3 PCle SR
* HHHL Adapter Va8 Y o

* Max of 2 per socket

23
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YctaHoBka GPU
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POWERS with NVLink

. B 2.5 pa3a 6bicTpee cBA3b CPU-GPU

Graphics Memory

PCle
32GB/s

%0 GB/S

‘ 0(’%\%
&

System
bottleneck

Graphics Memory

GPUs Limited by PCle Bandwidth
From CPU-System Memory

i

Graphics Memory

NVLink Enables Fast Unified Memory Access
between CPU & GPU Memories

25
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Design: Flat and Fat

[Oun3avH “flat and fat”

= [laHHble cBOOGOAHO NpoTeKaoT
B cucteme
= [Tonoca CPU: GPU no4tu
Takasa e kak CncremHas
NamaTte: CPU
= [lInpokne kaHanbl mexay GPU

MNOAKITHOYEHHBIMU K TOMY XKe
COKETYy

YcTtpaHaeT orpaHunveHna PCI-E ongd
MHOIMX TUNoB 3agau
* [lukn Ha ctapTte / cOpoc UToros
* ObecneyeHne HeNpepbIBHOIO NOTOKA
AaHHbIX Host-Device

* [locTosiHHbIE nepecbinkn mexay 2 GPU

* CKpbITble NEPECHINKM NO LLUNHE B
HanpaBneHmn Host-Device

Fabric
115GB/s 115GB/s
1
Unified Memory Space up to-1TB
% S %
NVLink NVLink
80 GB/s

80 GB/s

26
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[TpnnoxeHusa B npoLecce TeCTUPOBaAHUS UX
npounssogmtenbHoct Ha POWERS ¢ NVLink n NVIDIA P100

Watson
Concept
Insights

Apache

Spark STAC-A2

LatticeQCD CPMD OpenFOAM SOAP3-dp

Caffe Nekbone LULESH
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Cnacnbo 3a BHUMmaHume!

Bonpochi?

Anekcen [lepeBo34mKoB
82189117@ru.ilbm.com




