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INTRODUCTION
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What We Do
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&= ScaleMP =

Virtualization for multiple systems
Into a single virtual machine,
providing improved usability and higher performance
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Strong Market Presence Today

Customer Traction Across a Numerous Key Technology and
Number of Verticals Distribution Partners
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Partitioning Aggregation
Providing a virtual resource that is a Providing a virtual resource that is a
subsetof the physical resource concatenationof several physical resources
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Approaches to Server Virtualization

Providing a virtual resource that is a

subsetof the physical resource

Virtual Machines

Hypervisor or VMM

‘ @ vmware  CITRIX

redhat
» qumraner  Microsoft ”n

Source™
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Partitioning Aggregation

Providing a virtual resource that is a
concatenationof several physical

resources
Virtual Machine

e ..

Hypervisor orfl Hypervisor orfll Hypervisor orjl Hypervisor o
VMM VMM VMM VMM

ScaleMP
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top — 17:52:3Y wup 346, 1 uwser, load average: B.4@, B.31,. A.28
1383 total. 1 running,. 1382 sleeping. B stopped. B zombie
: B.Bxus,. BA.Bxsy, A Bxni.160.8xid. B.B@xwa, @.8xhi. B.8x=si, A.B@xst
66MA813332k total, 5347508k used,. 655465824k free. 168726k buffers
Bk total. Bk used. Bk free. 126776k cached
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[rootBdash-1-28 ~1#
total shared buffers
a a

a
[rootPdash—-1-28 ~1#
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cpuid level
flags

bogomips

clf lush zize
cache_alignment
address sizes
power management

Processopr
vendor_id

cpu family
mode 1

model name
stepping

cpu MH=

cache si=e
physical id
zibhlings

core id

Cpu COres

CpU COPEs
apicid

fpu
fpu_exception
cpuid level

a
Genuinelntel

26
IntelC{R» Reon<R>» CPU

5
2400 .08 3
8192 KB

yes
yes
11

yes

E5538 @ 2.48GH=

fpu vme de pse tsc msr pae mce cxB apic sep mtrr pge
ant_tsc pni ds cpl ymx est tm2 s=sszeld cxdb xtpr dca popent lahf_1m

4828 .91

64

64

4@ hits physical,. 48

i
Genuinelntel

26
IntelC{R» Reon<R>» CPU
LY

2408._883
8172 KB

hits virtual

E5538 @ 2.48GH=
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Wsr/local/bin/ vsmpversion

[rootPdaszh—1-20 ~1# vsmpversion

uSMP Uersion: 2.1.85.29
wSHP Foundation: 2.1.85.2%9 (Mar @7 2018 16:23:56>

System conf iguration:
Boards: 16 <out of 162>
32 » Intel<R>» Heon<R>» CPU ES538 @ 2_.48GHz <{cores: 4>

Processops:
Hemory: 16 x 4?144HMB

Total memory: YE86IB4ME

vSMPF Foundation: 12352HB

Reserved for cache: 1185%2MB

Syztem memory: 65536HUMB
Boot device: [HDDH]1 ATA ST?258421AS5

Serial numher: 18881 41
DRN?R-BYEY?-12EP1-3LJJD-2KU1M-P52

: Jul 1 20812
42.1.8 <Dec 14 26889 16:27:33> HUI Uersion: 8{4>

[rootBdash—1-28 ™~1#
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Psbin/ IspcicvtQ

—+—[BBPA: fA]-+-PA. 8 Intel Corporation
+- @3 .8-[BBAA:f51—+-BA .8
~—86.1
+—1f.B Intel Corporation
~—1f.2 Intel Corporation

—[BBPA:e@]1-+-A8.8 Intel Corporation
+- @3 .9-[BBAA: e5 1—+-BA . A

~—86.1
+—1f.B Intel Corporation
“—1f.2 Intel Corporation
—[BBPA:dA1-+-88.8 Intel Corporation
+- 83 .8-[BBAA:d5 1—+—B3 .8

~—Ba.1
+—1f.B Intel Corporation
“—1f.2 Intel Corporation

—[BB@A:cB]-+-B8.8 Intel Corporation
+- 83 .8-[BBAA: c51—+—BA .8
~—Ba.1
+—1f.B Intel Corporation
~—1f.2 Intel Corporation
—[BBAA:bA]1-+-B8. 8 Intel Corporation
+—@A3.0-[BBAA:h51—+-B8. A
H ~—80 .1
+—@7.8-[BBBB:h31——88.8
+—1f .8 Intel Corporation
“—1f.2 Intel Corporation
—[BBAA:aB]1-+-B8.8 Intel Corporation
+- B3 .8-[BBAA: a5 1——+—BA .8
~—88.1
+—1f.B Intel Corporation
“~—1f.2 Intel Corporation
—[BBAA:?8]1-+-A8.8 Intel Corporation
+- B3 .8-[BBAA: 95 1—+—BA .8
~—BE .1
+—1f.B Intel Corporation
~—1f.2 Intel Corporation
—[BB0A:881-+-80.8 Intel Corporation
+—@3 . 9-[BREA:85]1——+-B0_A
H ~—86.1
+—1f.A8 Intel GCorporation
~—1f.2 Intel Corporation
—[BBBA:78]1-+-B8. 8 Intel Corporation
+—@3 . 9-[BBEA:7?5]1——+-60_48
~—86.1
Intel Corporation
Intel Corporation
—[BBPA:6A1-+-B8.8 Intel Corporation
+—@A3 . 9-[BBAA:651——+-B8_A
H ~—86.1
+—1f . @ Intel Corporation
~—1f.2 Intel Corporation
—[BBPA:581-+-A8.8 Intel Corporation
+-@A3 . A-[BBEA:55]1—+-B0 .48
H ~—86.1
+—1f .8 Intel Corporation
~—1f.2 Intel Corporation
—[BBPA:481-+-88.8 Intel Corporation
+—@3 . A-[BBEA:45]1——+-B0_4
i ~—88.1
+—1f .8 Intel Corporation
“—1f.2 Intel Corporation
—[BBAA:38]1-+-B8.8 Intel Corporation
+—@3 . 9-[BBEA:35]1——+-00_A0
i ~—88.1
+—1f .8 Intel Corporation
“~—1f.2 Intel Corporation
—[BBAA:28]1-+-A8.8 Intel Corporation
+—@3 . 9-[BBEA:25]1——+-00 .40

H ~—8a.1

B L btk il bkl ek Rl bl it Rtk bl il ettt

— ———

#58 I-0 Hub to ESI Port

Intel Corporation 82576 Gigabit Metwork Connection
Intel Corporation 82576 Gigabit Hetwork Connection
828@1JIR (ICHiBR) LPC Interface Controller

828@1J1 <ICH18 Family> SATA AHCI Controller

#58 I0 Hub to ESI Port

Intel Corporation 82576 Gigabit Hetwork Connection
Intel Corporation 82576 Gigabit Network Connection
82881JIR <(ICHiBR> LPC Interface Controller

828@1J1 (ICH18 Family> SATA AHCI Controller

#58 10 Hub to ESI Port

Intel Corporation 82576 Gigabit MHetwork Connection
Intel Gorporation 82576 Gigabit MNetwork Connection
82881JIR <(ICHiBR> LPC Interface Controller

828@1J1 (ICH18 Family> SATA AHCI Controller

#598 I-0 Hub to ESI Port

Intel Corporation 82576 Gigabit MHetwork Connection
Intel Corporation 82576 Gigabit Metwork Connection
82881JIR <(ICHiBR> LPC Interface Controller

828@1J1 (ICH18 Family> SATA AHCI Controller

A58 I-0 Hub to ESI Port

Intel Corporation 82576 Gigabit MHetwork Connection
Intel Corporation 82576 Gigabit Hetwork Connection

LEI Logic ~ Symbios Logic SAS1868E PCI-Express Fusion—-MPFT SAS

82881JIR <(ICHiBR> LPC Interface Controller

828@1J1 (ICH18 Family> SATA AHCI Controller

#58 10 Hub to ESI Port

Intel Corporation 82576 Gigabit MHetwork Connection
Intel Corporation 82576 Gigabit Metwork Connection
82881JIR <(ICHiBR> LPC Interface Controller

828@1J1 (ICH18 Family> SATA AHCI Controller

A58 I-0 Hub to ESI Port

Intel Corporation 82576 Gigabit MHetwork Connection
Intel Corporation 82576 Gigabit Hetwork Connection
82881JIR <(ICHiBR> LPC Interface Controller

828@1J1 (ICH18 Family> SATA AHCI Controller

%58 10 Hub to ESI Port

Intel Corporation 82576 Gigabit MHetwork Connection
Intel Corporation 82576 Gigabit Hetwork Connection
82881JIR <ICH1iBR> LPC Interface Controller

828@1J1 (ICH18 Family> SATA AHCI Controller

#58 10 Hub to ESI Port

Intel Corporation 82576 Gigabit Network Connection
Intel Corporation 82576 Gigabit Hetwork Connection
828@1JIR (ICH1iBR> LPC Interface Controllew

828@1J1 (ICH18 Family> SATA AHCI Controller

#58 I0 Hub to ESI Port

Intel Gorporation 82576 Gigabit Metwork GConnection
Intel Corporation 82576 Gigabit Hetwork Connection
828@1JIR <(ICHiBR> LPC Interface Controllew

82801J1 <ICH18 Family> SATA AHCI Controller

#58 I0 Hub to ESI Port

Intel Corporation 82576 Gigabit Metwork Connection
Intel Corporation 82576 Gigabit Network Connection
82881JIR <(ICHiBR> LPC Interface Controller

828@1J1 (ICH18 Family> SATA AHCI Controller

#58 I0 Hub to ESI Port

Intel Corporation 82576 Gigabit Hetwork Connection
Intel Corporation 82576 Gigabit Network Connection
82881JIR <(ICHiBR> LPC Interface Controller

828@1J1 (ICH18 Family> SATA AHCI Controller

#58 10 Hub to ESI Port

Intel Corporation 82576 Gigabit MHetwork Connection
Intel Corporation 82576 Gigabit Metwork Connection
82881JIR <(ICHiBR> LPC Interface Controller

828@1J1 (ICH18 Family> SATA AHCI Controller

A58 I-0 Hub to ESI Port

Intel Corporation 82576 Gigabit MHetwork Connection
Intel Corporation 82576 Gigabit Hetwork Connection
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[root@dazh—1-28 ~1# cat ~procspartitions
major minor #blocks name

244198584 =da
16386268 sdal
16386300 =da2

2048287 sda3
1 sda4d

2892375113 =dab

244198584 =db
16386268 sdhi
16386300 =dh2

2048287 =sdh3
1 sdhb4

2092375113 =dh5
62522712 =dc

244198584 =dd
62522712 =de

244198584 =df
62522712 =dg

244198584 =sdh
62522712 =di

244198584 =dj
62522712 sdk

244198584 =dl
62522712 sdm

2441928584 =dn
62522712 sdo

244198584 =dp
62522712 sdg

244198584 sdr
62522712 sds

244198584 =dt
62522712 sdu

244198584
62522712

244198584
62522712

244198584
62522712

244198584
62522712

244198584
62522712

244198584

146484375

146484375

146484375

146484375

146484375

146484375

146484375

146484375
16386176

209375048
16386176

[rootPdash—1-28 ™1i

4/2009 14
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HOW DOES IT WORK
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Evolving Traditional SMP

Operating System

EXEN § E3ED
Hardware Hardware
= =

Proprietary Interconnect

EAEN § ENED

Hardware Hardware

EJEN § EAEN

Hardware Hardware

4/14/2010 16
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Evolving Traditional SMP

Operating System

Hardware Hardware Hardware Hardware Hardware Hardware

S L. Standard Interconnect I S :

4/14/2010 17
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How Does it Work ?

Multiple Computers with Multiple Operating
Systems

Multiple Computers

with a Single Operating System

_ e A ==+

= ScaleMP ==
D e —|°
= e
o= o
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How Does it Work ?

Bare Metal, Distributed Multiple Computers
Virtual Machine Monitor with a Single Operating System

A Loaded at bOOt t|me Up to 16 servers (today)’
i Supported boot devices: USB, IDE, 128 servers (3Q2010)
CompactFlasbr Network Image

(PXE)

A Fabric probing and VM setup

A Loading the OS and maintaining 1/0
and memory coherency

auqey puegiuyu

Network
Boot

-

29
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How Does it Work ?

Multiple Computers
Aggregated System with a Single Operating System

A Systems configuration can be Up to 4TB aggregated (today),

different 64TB aggregated (3Q2010)
I Aggregating systems with
different boards, I/O
configurations, processors speed
and memory configuration 14 X RAM

i Only one type of CPU will be = ) .
presented to the OS B, —:—
AN, 4xRAM r|=
A >10 different coherency s - — _
mechanisms T >ﬁ s === — 2
A Aggregated hardware 1/0 cenllbLL . |2
compatibility list include devices LA RAK, s I g
from Intel, Broadcom, LSI, ATI, ~LANMRRE LxRAM :—_ —
Emulex, Adaptec and others = v 1x RAM _ u —_—

1xRAM

30
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Behind The Scenes

One System
I Software interception engine creates a uniform execution environment

I VSMP Foundation creates the relevant BIOS environment to present
the OS (and the SW stack above it) as single coherent system

Coherent Memory
I vSMP Foundation maintains cache coherency between boards

I Multiple concurrent memory coherency mechanisms, on algeck
basis, based on reéime memory activity access pattern

I Leverage board locahemory for caching

Shared 1/O

I VSMP exposes all available 1/O resources to the OS in a unified PCI
hierarchy

I No need for cluster file systems

Aggregate Scale. Simplify. Save



Coherent Memory: Efficiency Formula

E=1c(A*L)

Efficiency = & (Access * Latency)

! !

{ OF f Sat Q& Fixed,
expertise but improving
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Coherent Memory: Basics

Trade backplandatency with redundant RAM

A Hiding backplane latency A Better system economics

using softwaredriven leveraging PC economies of
sophisticated and adaptive scale: memory cost vs.
caching techniques propriety backplane/chipset

Aggregate Scale. Simplify. Save



TYPICAL USE CASES
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Current Product Portfolio

E One system (OS) tmanae

CIUSter E Fewer, larger nodes in large scale
Simplified deployments

Management ﬁ VEUEGEIQEHINN £ No need for Cluster FS

E Simplified approach to clustering

Virtual Machine
App

g .-
T L1,

E Onthe-fly, aggregated VM
provisioning - meeting the needs
of dynamic, scaleout

Cloud

Improved environments (e.g. cloud)

Dynamic

System E Increased cloud utilization: Drive

Flexibility more workloads into cloud
infrastructure
ScaleMP »
Capabl l Ity E Scalable systems built from
( B standard x86 systemg highly cost
effective

E Compute, memory and 1/O scaled
independently resulting in top
performance

E Large memory x86 resource
enabling very large workloads

11
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/Customer Examples:

E Customer Pain:
b Lack of ifhouse system administration & expertise: &&‘é &&}%
A Multi-system management é%m Sﬁr{,eerr'stnwy
A Highspeed networks
A Distributed filesystems \_ Honeywell )

E vSMP Foundation Value:
b Significantly reduce number of managed systems

b Reduce the number of tools to operate the environment

b Enable large/shared memory for performance acceleration and easier programming

E Result:
b Lower operational costs associated with system management

b InfiniBand performance without management overhead

Agg regate Scale . SI m pl Ify Sa-ve Confidential and Proprietar


http://en.wikipedia.org/wiki/Image:Honeywell_logo.svg

Customer Use Cases

ENGINEERING FACULTY

e

A Customer:Engineering Faculty

A Current platform:None. Just getting into HPC.

WRE RRTE AR SRR
------------
----------------

A Problems:
T Compute requirements were growing, as number of users/students was gro\
T No inhouse skills to run x8@finiBandcluster S
i Limited operational budget to hire additional sgdmin resources

A Applications Commercial code, mostly Fluent and MATLAB

A Solution:
i 4 full blade chassis, each aggregated as a single system with 128 cores and 384 GB RAM and 5 TB
internal storage
i Total: 64 physical nodes, 512 cores, 20TB storagening as 4 fahode cluster

A Benefits:

I Low OPEX: LARGE SCALE
A No additional IT required for dap-day operation DEPLOYMENT

A ¢kKS ySSR (i2 YbgRS8S8Q2yf @
ALYydSNytrt &aid2N}3S H2RSWo0SH WITHOUT THE

i Simplicity: InfiniBand performance without the complexity
of managing such a solution COM PLEXlTY

4/14/2010 27
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E Customer Pain:
b Need faster results with less capital expenditure

b Purchasing SMP is required but traditional SMP is too expensive

b Cost of paying for future peak demand upfront

E vSMP Foundation Value:
b Provide cost effective SMP using x86 commodity hardware

b Providing more cores at speeds not limited by hardware attributes (virtual solution)

b Pay as you grow for workloads requiring SMP

b Supports distributed memory codes as efficiently as a clu? Customer Examples: N\
E Result: RWTHACHEY UF [FLORIDA

b Faster run times and ability to run larger problems

b Lower total cost of ownership than alternatives \ /
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