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IBM Power Systems

Processor Technology Roadmap
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IBM Power Systems

Processor Chip Comparisons

POWERS5 POWERS POWER? POWER7+ POWERS
2004 2007 2010 2012
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45nm SOI 32nm SOl 22nm SOl

Technology 130nm SOI 65nm SOl eDRAM eDRAM eDRAM
Compute
Cores 2 2 8 8 12
Threads SMT?2 SMT2 SMT4 SMT4 SMT8
Caching
On-chip  1.9MB 8MB (2 2+ 32MB 2+ 2 + 80MB (243 6 + 96MB (2+3)
Off-chip 36MB (13 32MB 3 None None 128MB (4
Bandwidth
Sust. Mem. 15GB/s 30GB/s 100GB/s 100GB/s 230GB/s
Peak I/0 6GB/s 20GB/s 40GB/s 40GB/s 96GB/s
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IBM Power Systems

Processor Designs

POWERS+

POWERY

POWERT7+

POWERS

POWERG6
Max cores 4 2 8 8 12
Technology 90nm 65nm 45nm 32nm 22nm
Size 245 mm? 341 mm? 567 mm? 567 mm? 650 mm? *
Transistors 276 M 790 M 1.2B 2.1 B 42B *
: 1.9 4-5 3—-4 Upto 4.4 Upto4.1
Frequencies GHz GHz GHz GHz GHz **
SMT (threads) 2 2 4 4 8
L2 Cache 1.9MB Shared| 4MB/ Core | 256KB/core | 256KB / core | 512KB/core
AMB / Core 10MB / Core 8MB / Core
L3 Cache 36MB 32MB On chip On chip On chip
L4 Cache -- -- -- -- Up to 128MB
Bandwidth
Sust memory 15GB/s 30GB/s 100GB/s 100GB/s 230GB/s
Peak 1/0 6GB/s 20GB/s 40GB/s 40GB/s 96GB/s

*with 12-core chip
** announced so far




IBM Power Systems

Processor Designs

POWER4 | POWER4+ | POWER5 | POWER5+ | POWERG POWER7 | POWER7+ | POWERS
Max cores 2 2 2 4 2 8 8 12
Technology 180nm 130nm 130nm 90nm 65nm 45nm 32nm 22nm
Size 412mm?2 mm?2 389 mm?2 245 mm? 341 mm?2 567 mm?2 567 mm?2 650 mm2 *
Transistors 170 M 180 M 276 M 276 M 790 M 1.2B 2.1B 42B *
, 1.65-1.9 1.9-2.2 3-5 3-4.25 Upto 4.4 3--435
Frequencies | 136, | 1.9GHz GHz GHz GHz GHz GHz GHz
SMT (threads) 1 1 2 2 2 4 4 8
1.4 MB 1.5 MB 1.9MB 1.9MB 256KB / 256KB /
L2 Cache Shared Shared Shared Shared 4MB / Core core core 512KB/core
4MB / Core [10MB / Core| 8MB / Core
L3 Cache 32MB 32MB 36MB 36MB 32MB On chip On chip On chip
Up to
L4 Cache - - = - = - - 128MB
Bandwidth
Sust memory 6GB/s 6GB/s 15GB/s 15GB/s 30GBI/s 100GB/s 100GB/s 230GBI/s
Peak 1/0 2GB/s 2GB/s 6GB/s 6GB/s 20GB/s 40GB/s 40GB/s 96GB/s

*with 12-core chip
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Innovation Drives Performance

B Gain by Technology Scaling 00 Gain by Innovation

100%

80% -

Relative % 60% -
of Improvement

40% +

20%

o | | | | I-_l

180nm 130nm 90nm  65nm 45nm  32nm 22nm 14 & 7
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IBM Power Systems

POWERS Chip Packaging
Technology

« 22nm SOI, eDRAM, 650mm?2
* 15-layers = great bandwidth

Core Core Core Core Core Core
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IBM Power Systems

World Class 22nm Semiconductor Technology

Silicon On Insulator
-Faster Transistor, Less Noise

Source Gate  Drain On—chip eDRAM

Y - 6x latency improvement
- No off-chip signaling rgmt
- 8x bandwidth improvement
Lrge area for eakage ko mbsirate nd nolse coupling - 3x less area than SRAM
- 5x less energy than SRAM

Bulk CMOS

Source Gate Drain

Small area for leakage and noise coupling '

SOI CMOS

22nm eDRAM Cell Dense interconnect

- Faster connections

- Low latency distance paths

- High density complex circuits
- 2X wire per transistor

© 2015 IBM Corporation



IBM Power Systems

IBM 22nm Technology

Low level wires used for dense

local circuit interconnect.

Top level wires used for
for power distribution, clocks,
and off-chip signaling.

9 Layer 0%
(industry)
metal stack °,°

15

15 Layer IBM
metal stack

14
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IBM Power Systems

POWERS Chip Packaging

11

Cores

* 12 cores (SMT8)

» 8 dispatch, 10 issue, 16 exec pipe
» 2X internal data flows/queues

* Enhanced prefetching

Caches

* 64K Data cache (L1)

* 512 KB SRAM L2 / core

» 96 MB eDRAM shared L3

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

Accelerators
* Crypto & memory expansion

» Transactional Memory
» Data Move / VM Mobility

S10JRI9[902Y
Syul] dNS

L3 Cache & Chip Interconnect

Core | Core | Core
LA

SYUIT dINS

Core | Core | Core

Core | Core | Core
P

Bus Interfaces

* Integrated PCle Gen3
* SMP Interconnect

« CAPI

Energy Management

* On-chip Power Management Micro-controller

* Integrated Per-core VRM
» Critical Path Monitors

Memory

» Dual memory Controllers
» 230 GB/sec Sustained bandwidth

© 2015 IBM Corporation



IBM Power Systems

POWERS8 Memory Buffer Chip

DRAM Memory
Chips Buffer Chip

szz=— N = I

“I.4 cache”

Intelligence Moved into Memory
* Previously on POWERT7+ chip onto buffer

Processor Interface
 High speed interface

Performance Value

12 © 2015 IBM Corporation
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Memory Bandwidth per Socket

POWERY7

POWERG

POWERS5

0 10 20 30 40 50 60 70
GB/Sec
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Memory Bandwidth per Socket

Reset the scale

POWERY7

POWERG

POWERS5

160 1éo 260
GB/Sec
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POWERS8 Memory Bandwidth per Socket

POWERS

POWERY7

POWERG

POWERS

0 50 100 150 200 250
GB/Sec
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IBM Power Systems

POWERS Integrated PCI Gen 3

POWERY7
Chip

GX
Bus

1/O
Bridge

PCle Gen3

N | PCle Gen2

PCI
. Device

PCI
Devices

16 © 2015 IBM Corporation
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Power 770/780 Node I/0O Bandwidth

(System node or processor enclosure or CEC drawer)

POWER7+ 770

POWERY 770

POWERG 570

GB/Sec

17 © 2015 IBM Corporation



IBM Power Systems L=

Power 770/780 Node I/0O Bandwidth

(System node or processor enclosure or CEC drawer)

Reset the scale

POWER7+ 770

POWERY 770

POWERG6 570

0 50 100 150 200 250 300

GB/Sec
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E870/E880 Node I/0O Bandwidth

(System node or processor enclosure or CEC drawer)

POWERS E870

POWER7+ 770

POWERY 770

POWERG 570

0] 50 100 150 200 250 300

GB/Sec
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|O Bandwidth Comparing 2-Socket Servers

Reset the scale

POWERT7+

POWERY7

POWERG

160 150 260
GB/Sec
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POWERS 10 Bandwidth Comparing 2-Socket Servers

POWERS

POWER7+

POWER?

POWERG6

0 50 100 150 200
GB/Sec
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IBM Power Systems

POWERS8 CAPI (Coherent Accelerator Processor Interface)

POWERS

Coherence Bus g

—

Like an “extra” core for
the POWERS chip

PCle Gen3

Transport for encapsulated messages

FPGA or ASIC

Customizable Hardware / Application Accelerator

 Specific system SW, middleware, or user application
 Written to durable interface

© 2015 IBM Corporation



IBM Power Systems

First CAPI Solution Example redislabs

High speed, fast response, social application — example Twitter
Enabled by in-memory NoSQL, distributed hash tables
Was initially implemented on x86 servers, but limited

DRAM memory meant LOTS of servers resulting in a
costly, complex infrastructure

One 2-socket, 2U server PLUS one FlashSystem Drawer replaced 24 x86 servers

Much lower cost of acquisition
Much smaller foot print, less energy
Much lower operational cost

24 © 2015 IBM Corporation
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IBM Power Systems

Example: CAPI Attached Flash Optimization

Read/Write
Syscall

FileSystem

LVM
strategy() . f)done()

Disk & Adapter DD 38

Pin buffers, Interrupt,
Translate, unmap,

Map DMA, unpin,lodone
Start 1/0 scheduling

S

© 2015 IBM Corporation



IBM Power Systems

Example: CAPI Attached Flash Optimization

Read/Write
Syscall

FileSystem

strategy()

LVM

strategy() . f)done()

Disk & Adapter DD 38

. iodone()

-

Pin buffers, Interrupt,
Translate, unmap,

Map DMA, unpin,lodone
Start 1/0 scheduling

Saves 10 Cores

26

per 1M IOPs

=Attach flash memory to POWERS
via CAPI coherent Attach

Posix Async aio_read()
I/O Style API aio_write()
User Library

Shared
Memor
Work

ueue

Issues Read/Write Commands from applications to eliminate 97% of
instruction path length CAPI Flash controller Operates in User Space

© 2015 IBM Corporation
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POWERS Leapfrogs

Memory Bandwidth

POWERS8

POWER?

POWER6

POWERS

0 50 100 150 200

/O Bandwidth

POWERS

POWER7+

POWER?7

POWERG

0 50 100 150 200

PCle Gen3

POWERS

PCle Gen3

I/O
Bridge

¢ I PCle Gen2

PQI
PCI Device

“* Devices

27

PLUS ....

“CAPI

=Accelerators
*Transactional Memory
=Scaleability

=Smart use of energy
=...and more

© 2015 IBM Corporation
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Scale-out CPW Comparisons

28

=720 POWER7+ (1 socket)
4-core 3.6 GHz 28,400

=S814 (1 socket)
+40% 4-core 3.0 GHz 39,500

6-core 3.6 GHz 42.400
8-core 3.6 GHz 56,300

6-core 3.0 GHz . 59,500

8-core 3.7 GHZA' 85,500

+50% ~ GHz

=740 POWER7+ (1 or 2 socket)
6-core 4.2 GHz 49,000
12-core 4.2 GHz 91,700

8-core 3.6 GHz 56,300
16-core 3.6 GHz 106,500

8-core 4.2 GHz 64,500
16-core 4.2 GHz 120,000

=S824 (1 or 2 socket)
6-core 3.8 GHz 72,000

12-core 3.8 GHz;,lB0,000
+40%

8-core 4.1 GHz 94,500

16-core 4.1 GHz_ 173,500

+60%
12-core 1-socket not offered
24-core 3.5 GHz 230,500

—»
+90%

© 2015 IBM Corporation



IBM Power Systems

CPW

16-core
32-core
48-core
64-core

12-core
24-core
36-core
48-core

POWER7+ 770

3.8 GHz
3.8 GHz
3.8 GHz
3.8 GHz

4.2 GHz
4.2 GHz
4.2 GHz
4.2 GHz

16-core
32-core
48-core
64-core

32-core
64-core
96-core

POWER7+ 780

4.4 GHz
4.4 GHz
4.4 GHz
4.4 GHz

3.7 GHz
3.7 GHz
3.7 GHz

128-core 3.7 GHz

110,000 E870

191,500 32-core 4.02 GHz 359,000
64-core 4.02 GH 711,000

220500 st -

’ 40-core 4.19 GHz 460,000
90,000 80-core 4.19 Gl—rl; 911,000
154,800 fewer CO
242600 | +50% = CME  GHz
306,600 —— +80% P

E880
32-core 4.35 GHz 381,000
122134500000 64-core 4.35 GHz 755,000
326’100 +80% — 96-core z 1,144,000
424’400 ~ -core 4.35 GHz 1,523,000
48-core 4.02 GHz 518,000
2(1)2’388 96-core  4.02 GHz 1,034,000
622’300 144-core 4.02 GHz 1,551,000

829,800_‘*'15%

192-core 4.02 GHz 2,069,000

29

9

Measured using SMT8

SMT4 would be somewhat lower

© 2015 IBM Corporation




IBM Power Systems

CPW
POWERY 795

48-core 3.7 GHz 288,500

96-core 3.7 GHz

144-core 3.7 GHz

192-core 3.7 GHz

64-core 4.0 GHz 399,200 E880

128-core 4.0 GHz 32-core 4.35 GHz

192-core 4.0 GHz 64-core 4.35 GH

256-core 4.0 GHz +74% _ 96-core 4. Z
~ GHz € 4.35 GHz

32-core 4.25 GHz 218,400

64-core 4.25 GHz 48-core 4.02 GHz

96-core 4.25 GHz 96-core 4.02 GHz

128-core 4.25 GHz 144-core 4.02 GHz

192-core 4.02 GHz

30

381,000
755,000
1,144,000
1,523,000

518,000
1,034,000
1,551,000
2,069,000

Measured using SMT8
SMT4 would be somewhat lower

© 2015 IBM Corporation



IBM Power Systems

“Single-thread-oriented” Workloads and POWERS8 Technology

20-25% reduction

O POWER?7
B POWERS

Good news

time

Because per core performance improving ..

Compared to POWER7/POWER7+, POWERS chips
with similar GHz run 20-25% faster from a wall clock
perspective ...... ASSUMING NOT I/O BOUND

32 © 2015 IBM Corporation
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A New Generation of IBM Power Systems

Open Innovation to
put data to work Designed for Big Data ( )
Superior Cloud Economics &

Open Innovation Platform @

33 © 2015 IBM Corporation
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OpenPOWER Consortium

<A 1BM |

/" 4 Google
Mellanox %
Open — \VIDIA
E Innovation

['YAN i
- S (i
<IN =) ol vod

5. Py AT

= Collaborative innovation for highly advanced systems
* Produce open hardware, software, firmware and tools

= Expand industry skills and investment for Power
ecosystem

= Provide alternative architectures

34 © 2015 IBM Corporation
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Google® Mother Board using POWERS8 Technology

Development board previewed by Google at April 2014 POWERS
announcement

© 2015 IBM Corporation
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Building collaboration and innovation at all levels

Implementation / HPC / Research

D OpenPOWER

System / Software / Services

4 JULICH
ubuntu® | redislabs
suppactad by Canonica GO gle g§s!‘j.
1/O / Storage / Acceleration
K <3

g /50 TYAN(‘_ W NVIDIA.

HITACHI  Mellanox

Inspire the Mext _
‘ CONVEY @ e m

/L\. eifER ) Mlicron
@Silicon

@) Servergy
4> POWERCORE’

,;?'ﬁvsSymbiosis Institute of
Ry ompatw Sudes § Researth

£ XILINX. e |

ak
ANalatech ¥ |RTDS kb
» FUSION- o - :
B EXABLAZE MEM3LAZE - I AT
O =S e \ :
BLUEBEE EMULEX &L .
SVOSORT" ‘ ILLINOIS
numascale S I d
INSPUrRs
g —’L?"q ICCS-NTUA
o
Hartree Centre kﬂw’
Complete member list at
www.openpowerfoundation.org

36

© 2015 IBM Corporation



IBM Power Systems

OpenPower Article in eWEEK - March 2015

[Eie Edit View History Bookmarks Tools Help IR [ [ e

fﬁ OpenPower Group Puts Ini.. x\+
€ B @ www.eweek.com/servers/slid ¢ || Q Search * E ¥+ H 4 » =

E€WEEK.

&_ MOBILE CLOUD SECURITY STORAGE ENTERPRISE APPS INNOVA'I'I

Android  Apple IT Management Networking More €@ Slide Shows Video Blogs Rese

Are you ready to migrate to modern? ‘
Windows Server 2003 end of support date is July 2015. B
Migrate to Windows Server 2012 on Dell PowerEdge™ Servers

with Intel® Xecn® processcrs. c

Server Modernization for Higher Education. Leaving the Legacy Environment Behind

&  Servers | OpenPower Group Puts Initial Hardware Products on Display

| OpenPower Group Puts Initial Hardware Products on Display

|| By Jeffrey Burt | Posted 2015-03-19 lﬁiF’rint

Bl rwiter - 17 [[Juinkean | 2 YIRS ¢ | & shere | 0 [Fstare 23 Email

SAN JOSE, Calif—OpenPower Foundation officials used the group's first conference to show off mor
than a dozen new pieces of hardware from its members, to talk about how the consortium operates an
try to recruit new members, and to position itself as an alternative to Intel in the data center. OpenPowe
was launched in December 2013 as a way of leveraging IBM's Power architecture to build products the
address demands from hyperscale and Web-scale organizations for greater performance and efficienc
IBM has opened the Power architecture to allow the more than 110 OpenPower members to buil
products atop the platform. At the OpenPower Summit here—run in conjunction with the GPU Technolog
Conference 2015—foundation officials stressed that the open development business model enable

faster innovation than Intel's way of doing the design, development and manufacturing work itsel
maiithoant 3 comminity owe dAon't net innovaticon M caid Randall Roce a3 fonimndaticon oafficizl and | BHint

© 2015 IBM Corporation
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IBM Power Systems

1Q 2014 Portfolio: PoweER7/POWER7+

mf"

780+

Power

—

750+ / 760+

=

PowerLinux
: TR4+
PowerLinux

=
—

IBM PureFlex

System
7R1+ | 7TR2+ .u ’ D460+ SR
m4 D260+ .

© 2015 IBM Corporation
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2Q 2014 Portfolio: PowER8/POWER7/POWERT7+

Power
FPSTIE:- LA LR 750+ / 760+

POWERS Sca!

PowerLinux
TR4+

39

IBM PureFlex
System

P40 JEES

P260+

P24L

© 2015 IBM Corporation
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4Q 2014 Portfolio: POWERS/POWER7/POWERT7+

40

IBM PureFlex
System

P40 JEES

P260+

P24L

© 2015 IBM Corporation
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20 2015 Portfolio: POWERS /rowerzPower?+

A4
ise
rg Enterpr
POWEServe\‘S
| 8
pOWER
ut Servers | a-Socket
pOWERS gcale-0 —
Doy
= - %
PowerLinux or reFlex
WERS gcale-out purePower ..,
PO gervers ‘ i ’ -
= ' P260+ [
m,“” 024 mmmm

41 © 2015 IBM Corporation
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A
Q2015 Portfolio: powers

4
POWER8 Enterprs
gervers
POWER8 Sca\e-out gervers
PO\NER8
A Socket
S
_ e L_ 4
pPOW RS Sca\e-out
gervers
PurePower
P WERS Sca\e-out
—
=

P24L

© 20
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POWERS Product Line 4Q 2015

Power
E850
Power

| —

E880

Power
: I

PurePower
Built with Scale-out
servers

© 2015 IBM Corporation
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POWERS Product Line — IBM | Focus

Power
S814, S824

e

PurePower

Built with Scale-out
servers

© 2015 IBM Corporation
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Scale-out

45

© 2015 IBM Corporation
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Scale-out Servers (LC line not shown)

S824 (2 socket, 4U)

S824L (1 socket, 4U)

S814 (1 socket, 4U)

S812L (1 socket, 2U)

S822 (2 socket, 2U)

S822L (2 socket, 2U)

46
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Linux Cluster Models Announcing October 2015

Bringing the benefits of the OpenPOWER Community to
the IBM Power Systems Portfolio

Linux-only server with rich memory and storage
Great fit for applications such as Hadoop

“ 2U, 1 socket up to 10 cores, up to 1TB memory, up to 14

disk/SSD (up to 112TB), 4 PCle slots
Power S812LC Power KVM or bare metal

Linux-only server with rich memory a focus on GPU
capability <

NVIDIA.

Power S822L.C 2U, 2 socket up to 20 cores, up to 1TB memory, up to two
GPU, 5PCle slots
Power KVM or bare metal

© 2015 IBM Corporation
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Scale-out Servers with IBM | support (or AIX/Linux support)

S814 (1 socket, 4U)
4 core (PO5 IBM i software tier)
6 or 8 core (P10 IBM i software tier)

S824 (2 socket, 4U)
6/12 or 8/16 or 24 core
P20 IBM i software tier

S822 (2 socket, 2U)
6/8/10 or 12/16/20 core
P10 IBM i software tier

49 © 2015 IBM Corporation



IBM Power Systems

POWERS8 4U 2-Socket Server

= 4U Form Factor
= 1 to 2 Sockets (Up 24 Cores)
= Up to 2TB Memory
= With 8GB DDR3 DIMMs
= 11 PCle Gen3 Slots / Hot Plug
= Hot plug support

= 1 PCle slot reserved for Ethernet
= Up to 18 SFF Bays
= Optional RAID support

= Up to 8 1.8” SSDs

= Integrated PCle Gen3 SAS controller w/ optional write cache

50 © 2015 IBM Corporation
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252U Scale-out System

Power S822
= Single Socket populated T
= Cores: 6 (3.8 GHz) or 10 (3.4 GHz) or 8 (4lGHz)
= Memory: Up to 512 GB *
= PCle Slots: 6 PCle Gen3 LP (Hotplug)
= Both Sockets populated
= Cores: 12 (3.8 GHz) or 20 (3.4 GHz) or 16 (4.1 GHz)
= Memory: UptolTB*
= PCle Slots: 9 PCle Gen3 LP (Hotplug)

= Ethernet: Choice of 1Gb or 10Gb PCle adapter

= Integrated ports: USB (4), Serial (1), HMC (2)

= Internal Storage
= DVD
= 12 SFF Bays -- Split Backplane: 6 + 6
= or 8 SFF Bays & 6 1.8” SSD Bays with Easy Tier with 7GB write cache

= Hypervisor: PowerVM
= OS: AlIX, Linux  (IBMiadded Oct 2015)

* Half this memory maximum with 4.1GHz cores (no 64GB DIMMs) due to air cooling limitations. See
following chart with additional cooling limitations and for SOD for water cooling.

© 2015 IBM Corporation



IBM Power Systems

POWERS 4U Scale-out System

Power S814/5824

= Form Factor: 4U or Tower*

= One or two sockets **
= Cores: 1socket: 4-8, 2 socket: 6-24
= GHz: 3.0-41

= Memory: Up to 1TB per socket***

= PCle Slots: 7 or 11 PCle Gen3 Full-high (Hotplug)

= PCle I/O drawer: adds up to 20 more slots (Hotplug)**
= Integrated Storage

= POWERFUL SAS controllers —up to 7GB cache

= 12 - 18 SFF Bays** + 8 SSD Bays****

= Optional add 24 more SAS bays***

= DVD

= Hypervisor: PowerVM

= OS: AIX, IBM i, Linux 3 Yr Warranty

= IBMi 7.1 or later (P05 - P20 software tier)

* Tower only for 4-core or 6-core S814
** See model specifics for valid combinations of sockets, cores, GHz
*** 4-core S814 has entry level server limitation
52 **xx 8 SSD bays only with 2-socket server © 2015 IBM Corporation



IBM Power Systems

POWERS8 1S4U Scale-out System

Power S814

= Form Factor: 4U or Tower
= Single Socket

= Cores: 4 (3.0 GHz), 6 (3.0 GHz) or 8 (3.7 GH2z)
= Memory: Up to 512 GB (6-core or 8-core)
= Slots: 7 PCle Gen3 Full-high (Hotplug)

=PCle Gen3 I/O Drawer adds 10 PCle slots (6-core or 8-core)
=Ethernet: Quad 1 Gbt in PCle slot
= Integrated ports: USB (4/5), Serial (1), HMC (2)
= Internal Storage
= DVD
= 12 SFF Bays -- Split Backplane: 6 + 6
= or 18 SFF Bays with 7GB write cache

=
©
(7]
:
)
A

= Hypervisor: PowerVM

= OS: AIX, IBMi 7.1 or later (PO5/P10 software tier), LinuxR1aWEIi¢-1a14Y

53 © 2015 IBM Corporation



IBM Power Systems

POWERS8 254U Scale-out System

Power S824
= Single Socket populated
= Cores: 6 (3.8 GHz) or 8 (4.1 GH2z)
= Memory: Up to 1TB
= Slots: 7 PCle Gen3 full-high (Hotplug)
= Both Sockets populated
= Cores: 12 (3.8 GHz), 16 (4.1 GHz), or 24 (3.5 GHz)
= Memory: Up to 2TB
= Slots: 11 PCle Gena3 full-high (Hotplug)

= * PCle Gen3 I/O drawer adds up to 20 PCle slots
= Ethernet: Quad 1 Gbt in PCle slot
= Integrated ports: USB (4/5), Serial (1), HMC (2)
= [nternal Storage
= DVD
= 12 SFF Bays -- Split Backplane: 6 + 6
= or 18 SFF bays & 8 SSD bays with 7GB write cache

= Hypervisor: PowerVM
= OS: AIX, IBMi 7.1 or later (P20 software tier), Linux

3 Yr Warranty

© 2015 IBM Corporation



IBM Power Systems

POWERS 4U 2-Socket Comparison

55

Processor POWERT7+ POWERS 4U
Sockets 2 2
Cores 12 /16 16/20/24
Maximum Memory 1TB @ 1066 MHz 2TB @ 1600 MHz
Memory Cache No Yes
Memory Bandwidth 68 GB/sec 200 GB/sec
Memory DRAM Spare No Yes
IO Expansion Slots Dual GX++ 4 PCle x16 G3 (SOD)
PCle slots 4 P5C|Tec >|<3 XliHF(FcIth) 471 gg:g §5136 EE
PCle Hot Plug Support No Yes
IO bandwidth 60 GB/sec 192 GB/sec
Base* Ethernet ports Four 1 Gb Four 1Gb or Two 10 Gb
SSD-only bays N/A — use SFF bays Up to 8 1.8-inch bays
SFF bays 6 12 or 18
Integrated SAS controller PCle Genl base PCle Gen3 base
SR-I0OV Support No Yes
Service Processor Generation 1 Generation 2

* Base uses one PCle slot

© 2015 IBM Corporation



IBM Power Systems L=

252U Scale-out System

Power S822
= Single Socket populated T
= Cores: 6 (3.8 GHz) or 10 (3.4 GHz) or 8 (4lGHz)
= Memory: Up to 512 GB *
= PCle Slots: 6 PCle Gen3 LP (Hotplug)
= Both Sockets populated
= Cores: 12 (3.8 GHz) or 20 (3.4 GHz) or 16 (4.1 GHz)
= Memory: UptolTB*
= PCle Slots: 9 PCle Gen3 LP (Hotplug)

= Ethernet: Choice of 1Gb or 10Gb PCle adapter

= Integrated ports: USB (4), Serial (1), HMC (2)

= Internal Storage
= DVD
= 12 SFF Bays -- Split Backplane: 6 + 6
= or 8 SFF Bays & 6 1.8” SSD Bays with Easy Tier with 7GB write cache

= Hypervisor: PowerVM
= OS: AlIX, Linux  (IBMiadded Oct 2015)

* Half this memory maximum with 4.1GHz cores (no 64GB DIMMs) due to air cooling limitations. See
following chart with additional cooling limitations and for SOD for water cooling.
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Power S822 and IBM i

IBMi17.2TR3orIBMi7.1 TR11

Special terms/conditions
= Only P10 software tier (P20 used on 2-socket S824)
S822 with or without PurePower
Max 2 cores per partition -- multiple partitions per server supported
All IBM i 1/O virtualized through VIOS. No non-VIOS I/0.
No Async/Bisync PCle adapters (can use IBM i 7.2 with OEM LAN-
attached box for Async including Fax/400)
No Crypto cards
If using disk/SSD in system unit or EXP24S 1/O drawer for IBM i it
must use 4k byte sectors, not 5xx byte sectors
CBU feature #0444 not announced Oct 2015

Plus normal 2U limitations of smaller physical server vs 4U server -- smaller memory, fewer PCle slots, fewer PCle I/O drawers,
subset of PCle I/O card as full-high cards won’t fit including any PCle SAS adapters with write cache.

Minimum code levels required: IBMi7.2TR3orIBMi7.1TR 11, VIOS 2.2.3.52, FW 840, if using HMC then HMC 840
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Enterprise
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Power E850 / E870 / E880 Enterprise Characteristics

v Increased performance and scale compared to previous
generation servers

v’ Capacity on Demand
* Elastic CoD
e Utility CoD
* Trial CoD
v’ Power Integrated Facility for Linux

v' Active Memory Mirroring for Hypervisor *
v E870/E880: Power Enterprise Pools
v E870/E880: PowerVM Enterprise included

v/ E880: Large block no-charge days with initial
purchase

* optional for E850
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Capacity on Demand for E870/E880

= Processor cores and/or memory activations
Activa

= Separating activation pricing from physical hardware
Makes redundant hardware more affordable
Eases budgeting — buy when needed
Reduces planned downtime outages for upgrades

= Elastic CoD / Utility Cod

Use activations “by the day” or “by the minute” as needed

Elastic: pay quarterly if use; Utility pay after usage

Elastic example for Power ES70 — 4.19 GHz
* 1 add’l core + 16GB memory
* 1 add’l cores licensing for IBM i and for other IBM Power System’s

controlled software

* 1 add’l core’s worth of 5250
* ONLY $196 per day

Prices are USA list price and are subject to change Reseller prices may vary.
Note if other GHz core are used, list price can vary slightly. Add’|l memory is $1 per GB.
5250 inclusion assumes at least one 5250 Enterprise Enablement already on the server.
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Power Enterprise Pools for ES70/E880

Power E870 & 770+ Pool Power E880 & 780+ & 795 Pool
Max 48 servers Max 32 servers
* In the same country * In the same country
. Running 7.8 firmware or later . Runn!ng 7.8 firmware or later
« Running any supported OS * Running any supported OS
* Max 1000 partitions * Max 1000 partitions

Move processor and memory activations within a defined pool
Move quickly, dynamically, non-disruptively
Move at your convenience — without contacting IBM

PLUS also move specific Power software licensing entitlements
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Power Integrated Facility for Linux

= For enterprise servers with processor cores
and memory not permanently activated
Model E870 & Model ES80
Model 770 & Model 780 & 795

= Package of activations & licensing
= Usable only for Linux workload

* Priced competitively vs. equivalent Linux
stand-alone server

= Savings via lower priced activations,
maintenance & licensing for Linux-only
resource

Power IFL
Price/Performance Example
3yr TCA

sbuines

sbuines

!

Power 770 Power 780
W PowerIFL W Today

Example includes:

* 4 cores activation

+ 32 GB activations

* 4 PowerVM for Linux entitlements
* 4 RedHat Linux

e 3yr 24x7 HWMA/SWMA

Prices are USA list price and are subject to change Reseller prices may vary.
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E850

Why not provide IBM i support on Power E850 ?
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750 vs 5824 Hardware Comparison Highlights

= CPW: Given most IBM i clients who are using a Power 750 are using
smaller configurations, there is lots of CPW growth in Power S824

= Memory: S824 has 4x more memory capacity — and it is 50% faster
memory (1600MHz with L4 cache VS 1066MHz)

= PCle:
S824 has newer, higher bandwidth PCle Gen3 slots
Without considering PCle I/O drawer, S824 has more PCle slots
With PCle 1/O drawer, S824 has a very good number of high bandwidth slots
(31), though less than the number of 750 2-4 socket maximum
S824 supports SR-IOV NIC

= Integrated Storage
S824 has optional integrated SAS controller with 7GB effectively write cache,
more than 40X 750’s 175MB.
S824 has up to 26 SAS bays in system unit for HDD/SSD. 3X more than 750
S824 can have up to 50 SAS bays run by integrated SAS controllers 6X more
than 750
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POWERY 750 (B mdl) vs POWERS8 S824
CPW

250000 - B A4c 3. 7GHz
OO0 6c 3. 7GHz
Bl 38c 3.2GHz
200000 B 8c 3.6GHz
08 6c 3.8GHz
00 8c 4.1GHz

150000 m 12c 3.5GHz
100000 —
50000
O = T T
1s 2SS 3S 4SS 1s 2Ss
Power 750 Power S824L

Except perhaps for the 32-core Power 750 - lot’s of room for CPW growth.
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Power E870 & E880 Servers

Power E870:

* Up to 80 cores

* 256 to 8TB Memory

* 1 or 2 nodes per system

Power E880:

* Upto 192 cores @ 4.02 GHz
* 256 to 16TB Memory

* 1to 4 nodes per system

\/Enterprise RAS even for 1-node system

= System Control Unit (“midplane”)
v'Medium software tier

PowerVM v'24x7 1-year warranty

—
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Architecture /Is
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Packaging
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POWERS Enterprise Solutions

No Primary Node

Midplane
= Service Processors
» Clocks

= Oscillators /I

Large Memory

19” Rack

Modular design

Up to 4 CEC drawers
Blindswap 10 Adapters
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POWERS Processor Enclosure (CEC Drawer)

PCle Cassettes

(contain PCle adapter or

Optical Interface to I/O drawer)
Up to 32 DIMMs

Up to 4TB

Fans

POWERS
processors /
Heat sinks

Power Supplies _ _
Linecord Assemblies

5U Enclosure
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Power E870: 1 or 2 Nodes

12U in 19" rack

Node

MidPlane

Nodeﬁ
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Power E880: 1, 2, 3 or 4 Nodes

22U in 19" rack

< \ 1 775 N7

Node

Node

MidPlane
Node

Node

3- and 4-node configurations planned availability June 2015
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Power Scale Perspective

Power 795

Power 780
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POWERS8 E870 Compares:

75

2-Node/Drawer System

POWERS Enterprise

Power 770 2 CEC Node-
CPU Sockets per Node/Drawer 4
Max processor nodes/Drawers 2
Max number sockets 16 8
Max Cores 64 64 or 80
Max Frequency 3.8 GHz 4 0or 4.19 GHz
Max Memory 1 TB per CEC Drw 4 TB per CEC Drw
Memory per core 64 GB 62 or 50 GB
Memory Bandwidth (peak) 272 GB/%rpvsr CEC 922 GB/%rpvsr CEC
0 Banauidn peak) | 0SS PEICEC | 256 0Bl pr oG

Max PCle I/O drws

16 (4 per Node)

8 (4 per Node)

Max PCle I/O Slots

160 - in IO drws
24 - internal

96 —in 10 drws
0 - internal

IBM i levels supported

IBMi 6.1 and later

IBMi 7.1 and later

* SOD = statement of direction — represents IBM plans shared publically. As always plans subject to change.
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POWERS8 E880 Compares: 4-Node/Drawer System

9179-MHD POWEgE(I:Er;\}e(rjprise
Power 780 ode-
drawer

CPU Sockets per Node/Drawer 4 4

Max processor nodes/Drawers 4 4

Max number sockets 16 16

Max Cores 128 192

Max Frequency 3.7 GHz 4.35
Max Memory 1 TB per CEC Drw 4 TB per CEC Drw

Memory per core 32 GB 128 or 85 GB
: 272 GB/s per CEC 922 GB/s per CEC
Memory Bandwidth (peak) Drw By
Memory Bandwidth per core
(peak) 8.5 GB/sec 19 GB/sec
- 80 GB/s per CEC 256 GB/s per CEC
/O Bandwidth (peak) Drw (GX) Drw (PCle Gen3)
Max PCle 1/0O drws 16 (4 per Node) 16 (4 per Node)
160 - in 10 drws

Max PCle I/O Slots 24 - internal 192

IBM i levels supported IBMi 6.1 and later IBMi 7.1 and later

76
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PCle I/O
Drawer
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POWERS8 PCle Gen3 IO Drawer

= 4U in standard 19” rack

= 6 or 12 PCle Gen3 slots
— Full-High, Full-Length
— 1/3 x16 slots and 2/3' x8 slots
= Dual fiber optic cables connect to POWERS8 CEC

— Connects to x16 slot in CEC
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|O Bandwidth (Comparing 1/0 Drawers)

Total drawer GB/Sec

POWERS
#EMXO One PCle Gen3 Drawer (12 PCle slots)

POWER7+
#5877 VKA [e](S

POWERS PCle-attached Gen3 I/O drawer has two fan-out modules and each fan-out module has 32GB/s

POWERY7 12X-attached PCle I/O drawer = #5877 or #5802
One or two #5877 or #5802 can share a single GX++ slot's 20GB/s bandwidth
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/O Loop (GX+) Technology Transitions

POWERS

POWERG

POWERY

POWERS8
Not GX based

HSL / RIO w/ PCI-X

HSL / RIO w/ PCI-X
12X SDR w/ PCI-X
12X DDR w/ PCle

12X SDR w/ PCI-X
12X DDR with PCle

PCle3
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Model Upgrades (Same Serial Number)

81

595

570

560

550

520 4-core

520 2-core

520 1-core

POWERG

/
—
/

>

795

780

770

750

740

720 6/8 cof

720 4 core

730

710

e

POWERY

— B3

>

E880

Scale-out

1S /2S

POWERS
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/70/780 Model Upgrades (Same Serial Number)

82

780 Low interest 780 \
‘B*Mdl O <crmMdl T~
e Low ineres” —>
570
Mthd,awn Low inte —
resttoda
770 . yrest “C7”78|d| /
“B” Mdl """
—
POWERG6 POWERY POWERY

780+
“D” MdlI

-

E870
770+ — -

“D” MdlI

POWER7+

POWERS
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DAS or SAN ?

83

Power System
running IBM i

DAS SAN

Direct Attached Storage Storage Area Network
(“internal”) (“external”)

= Both options are strategic
= Both options have their strengths
= Can use both options on the same server

= Application independent
Ilgnoring operational options
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DAS & SAN - Two Good Options

= Both options are strategic
= Both options have their strengths
= Can use both options on the same server

DAS SAN
Direct Attached Storage Storage Area Network
(“internal”) (“external”)
= Fast

= Fastest (lower latency)

= Typically Tower cost
hardware/software

= Often simpler config

= Easy Tier function

= Multi-server sharing

= Advanced functions/values
Flash Copy, Metro/Global Mirror,
Live Partition Mobility, Easy Tier,
data deduplication, compression
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POWERS8 SAS SFF HDD Options as of Nov 2015

SFF-3

Block | Formatted with 512 or | Formatted with 528 or

HDD Size 4096 byte sectors * 4224 byte sectors
10k 5XxX 300 GB * 283 GB
10k 5XX 600 GB * 571 GB
10k 5XxX 1.2TB * 1.1TB
10k 4k [600GB * 571 GB
10k 4 [(1.2TB * 1.1TB
10k 4k 1.8TB * 1.7TB

15k 5XX 146 GB * 139 GB

15k 5XX 300GB * 283 GB

15k 5XX 600GB * 571 GB

15k 4k 300GB * 283 GB

15k 4k 600GB * 571 GB

* POWERS8 SFF HDD shipped from IBM formatted in 528 or 4224 byte sectors. They can be reformatted to 512
or 4096 by the client if the extra protection is not desired.

4k drives (HDD or SSD) can NOT be reformatted to 5xx drives.

4k drives and 5xx drives can NOT be mixed on the same array. True for both HDD and SSD.
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POWERS8 SAS SFF HDD Options as of Nov 2015

f marketing life

f marketing life

SFF-3 Block | Formatted with 512 or | Formatted with 528 or
HDD Size 4096 byte sectors * 4224 byte sectors
10k 5xX 300 GB * Smaller capacity drives approaching end o
10k 5xx 600 GB * 571 GB
10k 5xx 1.2TB * 1.1TB
10k 4k |600GB * 571 GB
10k 4k 1.2 TB * 4k more strategic than 5xx
10k 4k |(1.8TB * 1.7 TB
15k 5XX 146 GB * Smaller capacity drives approaching end o
15k 5xx 300GB * 283 GB
15k 5XX 600 GB * 571 GB
15k 4k 300GB * f0n /D
4k more strategic than 5xx
15k 4k 600GB * | 2/1L LD

* POWERS8 SFF HDD shipped from IBM formatted in 528 or 4224 byte sectors. They can be reformatted to 512
or 4096 by the client if the extra protection is not desired.

4k drives (HDD or SSD) can NOT be reformatted to 5xx drives.

4k drives and 5xx drives can NOT be mixed on the same array. True for both HDD and SSD.
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eMLC SSD Generations

y Latency -
2.5-inch 10 OPERATIC()IEI;SP)ER SECOND | 1y o ughput (MB/s) | Response
(SFF) Time (ms)
Random Random
SSD R‘;neizm Rs\r/]r?toem Mixed Read Write Mixed
Read/Write Read/Write
11 k 64 MB 0.31 ms
177GB 15k 4k @o%-300) | TOMB 1 4129 (70%-30%)
24 k 0.25ms
387GB 39 k 22K | cowaow | 340MB | 37EMB | 5 TR
387GB 58 k 0.15 ms
775GB Al Al (60%-4006) | S*OMB | 450 MB (60%-40%)
29 '1:;: ?;;irstBD 0.12-0.4k | 0.12-0.4k | 012-04k | ~175MB | ~175MB | 83-25ms

Note these are single drive specific measurements reflecting sustained drive workloads (not burst). The values assume 528 byte sectors running RAID-0 with no
protection. Hypothetically if measured with unsupported 512 byte sectors, values would be higher. The values are highly workload dependent. Factors such as
read/write mix, random/non-random data, drive cache hits/misses, data compressibility in the drive controller, large/small block, type of RAID or mirroring
protection, etc will change these values. The choice of which SAS controller/adapter is running the drive can also impact these values.. These values produced
by a server with plenty of processor, memory and controller resources to push this much 1/O into the SSD. Most client system applications don’t push SSD nearly
this hard. Latency measurements using OLTP1 60/40 random 4k transfers.
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SSD Driving SAS Adapter Technology

980k IOPs

Comparing large cache SAS Adapters

400k IOPs

PCle SAS — PCle Gen 3

1Q 2014

Designed for newest SSD
800k-ish IOPS in Genl slot *
Nearly 1M IOPS in Gen2 slot

80k 10Ps

Up to 96 HDD
PCle SAS — PCle Gen 2 Up to 48 SSD
4Q 2011
1St SAS adapter deSigned fO SSD * restricted by PCle Gen1 slot in
300'400k IOPS which the adapter first announced
Up to 72 HDD
Up to 24 SSD
PCI-X SAS
2Q 2009 SAS adapter technology — designed by IBM
Est 70-80k IOPS _ bl
Up to 48-60 HDD ... Power Syster_ns Wlt_h Power Systems reliability,
Also can do some SSD ruggedness, integrity, performance,
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FlashSystem and IBM | Support

= Native support with IBM 1 7.2 TR2 or
later for FlashSystem 900 or

= Also supported when “behind” an SVC
(including FlashSystem V9000 ...
“non-native”
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SR-10V Virtualization Enhanced Oct 2015

QoS
o VIOS - A .
W
LPAR #2 Min of vl/ s Evene
g o2
LPAR #3

'IHW' VIOS - B
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Special notices

This document was developed for IBM offerings in the United States as of the date of publication. IBM may not make these offerings available in
other countries, and the information is subject to change without notice. Consult your local IBM business contact for information on the IBM
offerings available in your area.

Information in this document concerning non-IBM products was obtained from the suppliers of these products or other public sources. Questions
on the capabilities of non-IBM products should be addressed to the suppliers of those products.

IBM may have patents or pending patent applications covering subject matter in this document. The furnishing of this document does not give
you any license to these patents. Send license inquires, in writing, to IBM Director of Licensing, IBM Corporation, New Castle Drive, Armonk, NY
10504-1785 USA.

All statements regarding IBM future direction and intent are subject to change or withdrawal without notice, and represent goals and objectives
only.

The information contained in this document has not been submitted to any formal IBM test and is provided "AS IS" with no warranties or
guarantees either expressed or implied.

All examples cited or described in this document are presented as illustrations of the manner in which some IBM products can be used and the
results that may be achieved. Actual environmental costs and performance characteristics will vary depending on individual client configurations
and conditions.

IBM Global Financing offerings are provided through IBM Credit Corporation in the United States and other IBM subsidiaries and divisions
worldwide to qualified commercial and government clients. Rates are based on a client's credit rating, financing terms, offering type, equipment
type and options, and may vary by country. Other restrictions may apply. Rates and offerings are subject to change, extension or withdrawal
without notice.

IBM is not responsible for printing errors in this document that result in pricing or information inaccuracies.
All prices shown are IBM's United States suggested list prices and are subject to change without notice; reseller prices may vary.
IBM hardware products are manufactured from new parts, or new and serviceable used parts. Regardless, our warranty terms apply.

Any performance data contained in this document was determined in a controlled environment. Actual results may vary significantly and are
dependent on many factors including system hardware configuration and software design and configuration. Some measurements quoted in this
document may have been made on development-level systems. There is no guarantee these measurements will be the same on generally-
available systems. Some measurements quoted in this document may have been estimated through extrapolation. Users of this document
should verify the applicable data for their specific environment.
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Special notices (cont.)

IBM, the IBM logo, ibm.com AIX, AIX (logo), AIX 6 (logo), AS/400, BladeCenter, Blue Gene, ClusterProven, DB2, ESCON, i5/0S, i5/0S (logo), IBM Business Partner
(logo), IntelliStation, LoadLeveler, Lotus, Lotus Notes, Notes, Operating System/400, OS/400, PartnerLink, PartnerWorld, PowerPC, pSeries, Rational, RISC
System/6000, RS/6000, THINK, Tivoli, Tivoli (logo), Tivoli Management Environment, WebSphere, xSeries, z/OS, zSeries, AlX 5L, Chiphopper, Chipkill, Cloudscape, DB2
Universal Database, DS4000, DS6000, DS8000, EnergyScale, Enterprise Workload Manager, General Purpose File System, , GPFS, HACMP, HACMP/6000, HASM, IBM
Systems Director Active Energy Manager, iSeries, Micro-Partitioning, POWER, PowerExecutive, PowerVM, PowerVM (logo), PowerHA, Power Architecture, Power
Everywhere, Power Family, POWER Hypervisor, Power Systems, Power Systems (logo), Power Systems Software, Power Systems Software (logo), POWER2,
POWERS3, POWER4, POWER4+, POWERS5, POWERS5+, POWER6, POWERG6+, System i, System p, System p5, System Storage, System z, Tivoli Enterprise, TME 10,
Workload Partitions Manager and X-Architecture are trademarks or registered trademarks of International Business Machines Corporation in the United States, other
countries, or both. If these and other IBM trademarked terms are marked on their first occurrence in this information with a trademark symbol (® or ™), these symbols
indicate U.S. registered or common law trademarks owned by IBM at the time this information was published. Such trademarks may also be registered or common law
trademarks in other countries. A current list of IBM trademarks is available on the Web at "Copyright and trademark information" at www.ibm.com/legal/copytrade.shtml

The Power Architecture and Power.org wordmarks and the Power and Power.org logos and related marks are trademarks and service marks licensed by Power.org.
UNIX is a registered trademark of The Open Group in the United States, other countries or both.

Linux is a registered trademark of Linus Torvalds in the United States, other countries or both.

Microsoft, Windows and the Windows logo are registered trademarks of Microsoft Corporation in the United States, other countries or both.

Intel, Itanium, Pentium are registered trademarks and Xeon is a trademark of Intel Corporation or its subsidiaries in the United States, other countries or both.

AMD Opteron is a trademark of Advanced Micro Devices, Inc.

Java and all Java-based trademarks and logos are trademarks of Sun Microsystems, Inc. in the United States, other countries or both.

TPC-C and TPC-H are trademarks of the Transaction Performance Processing Council (TPPC).

SPECint, SPECfp, SPECjbb, SPECweb, SPECjAppServer, SPEC OMP, SPECviewperf, SPECapc, SPEChpc, SPECjvm, SPECmail, SPECimap and SPECsfs are
trademarks of the Standard Performance Evaluation Corp (SPEC).

NetBench is a registered trademark of Ziff Davis Media in the United States, other countries or both.

AltiVec is a trademark of Freescale Semiconductor, Inc.

Cell Broadband Engine is a trademark of Sony Computer Entertainment Inc.

InfiniBand, InfiniBand Trade Association and the InfiniBand design marks are trademarks and/or service marks of the InfiniBand Trade Association.
Other company, product and service names may be trademarks or service marks of others.
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