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OThe performance results shi.
engineering test environment, they do not represent any
speci fic customer wor k| oad.
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12 server family

Introduced rx2800 i2 rack-mounted server

OpenVMS V8.4
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rx2800 12 Server Architecture
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Intel 9300 Processor

A performance differentiator

Ongoing Performance Ramping for Intel® [tanium® Processors
45 Online Transaction Processing (OLTP)?

ltanium
[tanium 9M
Dual-Core Itanium

Quad-Core Itanium (Tukwila)®

*Source: Intel Corporation, 2007
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Performance

/ Memory

ADual Integrated Memory
Controllers with 4 SMI channels
peak memory bandwidth up to 34
GB/s (6x)

AcCapability to supports up to 1TB
memory perIMC
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ADirectorybased Cache Coherency
0 Reduces Snoop traffic and
contention

ADDR3 Higher Throughput

(800MT/s), Lower Power, Faster N
Response Time, Increased
Capacity/DIMM (16GB ) -
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PCle Gen?2 Genl
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A6 Gen 2 PCle slots, supporting 5GT/sec
Ap410i SAS 6G RAID Controller

Features of 12 Server:

NUMA
Aware!

rrocessor

AEnhanced Thread_evel
Parallelism (TLP) [8T/P]

Alntel® Turbo Boost Technologyd
Performance on Demand

Alntel® VT2 is Introduced
AData TLB support for 8K and 16K

pages
ANew Intel® QuickPath
Interconnect Technology
replaces the Front Side Bus with
a pointto-oint

A4 fullwidth Intel QuickPath
Interconnect links and 2 half
width links per processor

APeak processoto{processor and
processoro4/O
communications up to 96 GB/s
(9%)

AGlueless System Designs Up to

QPI

Eight Socketsd FSB Limitations
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V8.4 Major Performance Features

A Resource Affinity Domain (RAD) support for I1A64

A Packet Processing Engine (PPE) Support for TCP/IP
A Automatic Dynamic Processor Resilience (DPR)

A Compression support for BACKUP

A RMS SET MBC count support for 255 blocks

A XFC support for 4G Granularity Hint Pages

A Shadowing T4 Collectors

A AsynchronousVirtual 1O (AVIO) support for Guest OpenVMS running o
HPVM



V8.4 Performance Enhancements..

A Shadow feature improvements toWriteBitMap, MiniCopy, MiniMerge
and SPLIT_READ_LBN

A Core OS improvements
o Dedicated lock manager and Cluster Driver Optimizations
o Exception Handling & Image Activation Optimizations
o Reduced Spin Lock Contentions
oIlnner mode semaphoreupcall
o Introduced Paged Pool Look Aside List (LAL)
o SYSMAN IO AUTO Performance Improvements (Fibre Only)
o RTL Changes to optimize strcmp() and memcmp()
o Support for new high speed USB Boot
arx2800 console performance fixed!

A Compiler improvements (BASIC RTL, COBOL, OTS$STRCMP)

A Miscellaneous Improvements
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OpenVMS V8.4

OpenVMS 8.4 Performance Results

Summary of Improvements

Significant performance gains across various workloads

and system configurations

ReducedBACKUPCompressedData
FasterShadow READ

FasterBitmap Updating in SHADOWING
High Speed USBBoot

400

High Usage of mem(str)cmp()
Larger AST Queuing

StressfulDLM Resources

Heavy Exception Handling 50

Heavy Image Activation 45

0 100 200 300 400 500
B % Improvement @



Future Focus

A Continuous work to optimize performance
on new servers with new processors

A On going effort to reduce alignment faults

A Maximize utilization using hyper
threading

A Additional T4 collectors
A Spin Lock Optimizations

AMany mor eé
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Performance of 12 Servers;
Platform and Application Tests



OpenVMS running on i2 servers

12 servers architected for high performance
Architecture provides increased number and faster cores/socket
Superior memory and interconnect technology
Memory intensive applications benefit from low latency and high bandwidth architecture
Higher 10 bandwidth and throughput resulting from new IO architecture

More headroom for CPU, Memory and IO intensive workloads with improved response
time

Upto 3x performance improvement with i2 servers running OpenVMS

Our test have shown up to 2x improvement with java, some database and web server
applications

Oracle has shown 3x improvement
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CPU Ratings
V 173 GHz/ 16 GHz 9300

Integer Tests series processor show 2.3x
performance improvement

e Ratings /
rocessor .
(More is Better)
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m 9300 BL8x062 (1.60GHz/6.0MB)
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2500 -
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1500 -

1000 -

500 -

0 a
d These numbers are per processor/socket

d As the frequency increases, we see a increase in rating

Integer compute bound, financial analysis, highdata processing
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CPU Ratings V173 GHz/ 16 GHz 9300

Floating PointComputation Tests series processor show 21
2.3x performance
improvement

(More is Better)

m 9300- BL8x062 (1.73GHz/6.0MB)
 9300- BL8x062 (1.60GHz/6.0MB)
w 9300- BL8x062 (1.33GHz/4.0MB)
m 9000- BL860C (1.59GHz/9.0ME

W 9100- rx7640 (1.60GHz/12.0MB

9000
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7000 -
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4000 -
3000 -
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0 -

d Intel ® Itanium ® 9300 series processors have new high precision
floating architecture

Fast response to complex operations; Scientific, Automation and robotic
applications should benefit
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Memory Tests
Throughputd More is Better

55% improvement
in memory
bandwidth

between 3600
and BL860c i2

Memory Bandwi
(More i te
3500

3000

2500

m BL86062 (1.73GHz/6.0MB;
mx3600 (1.67GHz/9.0MB
® 1X6600 (1.59GHz/12.0MB
mx7640 (1.60GHz/12.0MB
m SD32A (1.60GHz/9.0ME

2000

1500

1000

500

MB/Sec

d Computed via Memory Test Progrand Single Stream
d The new BL8x0c i2 server demonstrated very good memory bandwidth

d Memory bound applications should see a difference with aggregated
bandwidth
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Core |I/O on rx2800

rx2800 i2 - Core SAS Caching rx2800 i2 - SAS Logical Disk (Striping)
700 2500
600 / —
/ 2000
500 I/ //
T 1500 ~~
»n 400 —— %) /
Q " o) /
© 300 — = 1000 - —_—
T / —
200
Z L — 500 /'// i
100 g
0 0 |
1 2 4 8 16 32 64 128 256 1 2 4 8 16 32 64 128 256
Load Load
——\W/O Cache == Cache =1 disk with Cache =2 disk with Cache =4 disk with Cache

A rx2800 i2 server comes with p410i SAS Controller as Core SAS I/F

3 Small Block Random Tests were run on same sized disk

o Logical Volumes were spread across multiple disks to show the I/O striping effect
A p410i with cache* exponentially boosts the performance W/O (upto 2.5x)

A Increased number of disks in a Logical Volume increases performance

* Additional Cache Kit @
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Rack mounted- Core 1/O 12 comparison

Integirty Core SAS

700

600 //
500 7

0 400 —

% /

= 300

oo / / ——

100

1 2 4 8 16 32 64 128 256
Load

= x6600 (1.59GHz/12.0MB =—rx2800 i2 (1.46GHz/5.0MBYTore Cache
rx2800 i2 (1.46GHz/5.0MBW/O Cache

A Core 10O SAS Controller (rx6600 - LSISAS106x, rx2800 o p410i)
A Older 1A64 SAS performance is similar to W/O Cache on i2 server

A rx2800 i2 server with Cache is a clear winner ( upto 2.5x times better)
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Apache Performance

Apache Bench Tests orOpenVMS 8.4

600
500
400
300
200
100

Bandwidth
(More is better)
531 1400
_ 1200
] 1000
276.21 800

600
400
200

0

Transfer rate (Kbytes/sec

mBL860c i2 (1.73GHz/6.0ME
mBL860c (1.59GHz/9.0ME

d Configuration Details

Throughput
( More is Better)

2X
Improvement

Time Taken (sec)
(Less is Better)

162~ ®0

50

40
597 30

20
10
0

50.277

25.818

Requests per secon

BL860c i2 (1.73GHz/6.0Mt
B BL860c (1.59GHz/9.0ME

Time Taken (sec

BL860c i2 (1.73GHz/6.0ME
EBL860c (1.59GHz/9.0ME

AThe tests were run on OpenVMS 8.4, with 1G network end toend connectivity
AApache 214 with ECO2 , Apache Bench 2.0.40 dev

d Time Taken should be less; Reqg/sec and KB/sec should be more

ABL860ci2 was able to cater 2x performance compared to BL860c
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2X
Improvement

Java Workload Tests
Native Java Tests on OpenVMS 8.406 More is Better

Java Workload
140000 140000
120000 0
100000 l//,,A"”' - § 100000
80000 “,,::j‘-" S 80000
60000 § 60000
40000 "—“gsk' & 40000
20000 20000
0 0
0 2 4 6 8 10 12 14 16 18 8 9 10 11 12 13 14 15 16
Threads Threads
——rx6600 (1.59GHz/12.0MB ===BL870c 2 (1.60GHz/5.0ME mrx6600 (1.59GHz/12.0MB mBL870ci2 (1.60GHz/5.0Mt

d Java Workloads scale up better on i2 Servers

d Java Workloads are high CPU and Memory Intensive
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Rdb Tests

Rdb Performance Load Testd OpenVMS 8.4

RDBPerformance
(More is better)

250 / L2
1

200

2X
Improvement

(Less is better)

¢ o
T 100 —— é 0.4
0 0
HP Integrity rx2800 i2 (1.60GHz/5.0MB) HP Integrity rx2800 i2 (1.60GHz/5.0MB)
B HP rx3600 (1.59GHz/9.0MB) ® HP rx3600 (1.59GHz/9.0MB)

d Test runs a load with100 jobs of 100000 txns/job, DB on local disks
(single)

d Rx2800 i2 server shows 2x better throughput than rx3600
AThe Transaction Per Second (TPS) is 2x

ARdbis high Memory and 1/O oriented application, which seems to take advantage of p410i
6G SAS controller and high speed memory architecture

d Resultshave shown thatRdb takes advantage of HT in high endi2 servers
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3X
Improvement

Oracle 10gR2 on new i2 Server

20000

15000 —

£ 10000
l—

5000

0

16 32 48
Users

W x7640 (L60GHz/12.0MB) m BL890c i2 (L60GHz/6.0MB)

d Oracle Swing Bench Tests were run with tuning configuration (same)

A rx7640 and BL890c i2 are NUMA based systems, MostlyNUMA RAD
Enabled and HyperThread disabled, 6 RAID 5 EVA8100 Volumes

0 Oracle was run in Shared Server Mode

d BL890c i2 server consistently shows 3x improvement for same numbers
of users
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Oracle Testso Resource Usage

16000
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12000

10000

8000

3X Increase
6000

4000

2000

0
CPU TPM

mBL890ci2 (1.60GHz/6.0ME mrx7640 (1.60GHz/12.0MB

d BL890c i2 is able to drive 3x improvement for same CPU usage
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ALPHA TO |IA64

Speeds and Feeds
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Mission-critical scaling

Speeds and Feeds comparison

o]0 SL39(0
8 Intel® Itanium® processor
Processor Type 150 MHz EV7 9300 series
(quad-core and dual-core)
Max Memory 256 GB 15TB
Internal Storage Ultra3 SCSI 6G SAS HW RAID
NMERIBAG 1 GbE NICs 10 GbE (Flexd0) NICs
(integrated)
1O Slots PCI/PCEX slots @133 MHz PCle Gen2Mezz slots

Form Factor

2xX 41U

4U




Compilation Tests

A This test is to compile around 200 modules using c++ compiler

A The overhead of running this on BL890C i2 was reduced~2.3 times

29

600000

500000

400000

300000

200000

100000

0

Compilation Tests

(Less is better)

242455

BL890GC 8S
Itanium 9300 (1.6GHz)

m Charged CPL

compared to GS1280

10/12/2011

Alpha GS1280
EV7(1150 Mhz)
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Java Workload Tests

Java Tests
200000

180000 -
., 160000
% 140000 A
o
T 120000 "
100000

S 80000
o
5

60000 //

40000
20000 zfg;;f—-=~=___\’\____¥
0
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61
Threads

(o]

=BL890C 2 =—GS1280

d Java Workloads scale exponentially with load as compared to Alpha
dThere is no active development involved in Java on Alpha
dLast available on alpha is JDK 15 as compared to JDK 1.6

d Java Workloads are high CPU and Memory Intensive
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EV7 vs. Itanium 9300(Tukwila)

-<iiI'IH%iIHHHI|'IIE..

0 Tukwila Processors are-2.6 Floating Point Ratings
times faster than EV7 (Higher is better)
2000 1882
d These numbers are per Core 1800

(within a processor/socket) 1600

1400

d Tukwila processors have new

1200

high precision floating 1000
architecture 800
600
0 Fast response to complex 400
operations; Scientific, 200
0

Automation and robotic BL8IOC - 85 Alpha GS1280

Itanium 9300 (1.6GHz) EV7(1150 Mhz)

applications should benefit  Floating Point Rate
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EV7 vs. Intel Itanium 9300(Tukwila)

0 Tukwila Processors are-33%
better than EV7

d These numbers are per Core
(within a processor/socket)

d CPU Bound applications should
benefit (database queries),
specifically integer
computational bound
applications

32 10/12/2011
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Memory Bandwidth Tests

A This tests simulates heavy load Memory Bandwidth
directly to memory module by (Higher is better)
passing the cache 5000 3200

AThe bandwi dt h on
streamdé test for
52% better

BL890C - 8S Alpha GS1280
Itanium 9300 (1.6GHz) EV7(1150 Mhz)

= Memory (MB/sec)
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|O Tests sile

Tests
|O Tests on EVA8100 with 2/4Gb Cards, RAID 5 320GB Volumes

Random Workloads Small Block Random Mixed Load
700 14000
600 12000 »
© /
500 % 10000 /
g
8000
0 400 305 S /
5 T 6000
© 300 £ 4000 / /
o
200 2000 //
100 0 —% T T T T 1
1 2 4 8 16 32 64 128 256

Threads Load

B AlphaServer ES45 Model 2B B BL860c i2 —— AlphaServer ES45 Model 2B ——BL860c i2

04K 1O Tests run with Mixed QIO/FastlO Loads, RANDOM workloads are
very CPU intensive
oWe see ~3x increase in throughput for same load on i2 server

0 On al pha platforms, the max device support
feed influenced a lot in the performance
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Rdb Tests

RDB Performance

(More is better)
250

214
200 +—

145
150 ——

TPS

BL890C - 8S m Alpha GS1280
ltanium 9300 (1.6GHz) EV7(1150 Mhz)

d Test runs a load with 100 jobs of 100000 txns/job, DB on local
disks (single)

d BL890c 8S performs approx1.5x better than GS1280 (Alpha)
AThe Transaction Per Second (TPS) 1Hx
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Performance Enhanced with the Integrity Server
Blades Based on Blade Scale Architecture

1 Integrity server blades
Up to 2X based on Blade Scale
faster performance Architecture
(/ ) = = :E Fl BN
Dual-core

Integrity servers e ' { ‘ i lf!f l'il'?:lt’:

with built-in Per socket performance increases

il 2.3X Integer & Floating Tests
resmency and leSS Up to 2x Application Performance
power
\_ 2- & 4-socket Integrity ) consumption

1some applications have shown up to 3x @



Integrity roadmap

Continued innovation in missioncritical computing

Integrity with OpenVMS

Poulson

Itanium ® 9300 Based

Based
Mission Critical Converged Infrastructure

design for modularity and infinite scalability
Commitment to binary compatibility

Longevity and investment protection with 3
generation committed processor roadmap

Intel Itanium Processors

Socketcompatible design for all future
releases

No recompile needed across generations

Built on a 7 generation foundation of
missioncritical processor technology




Summary

The latest generation of i2
servers are based QPI Fabric

which is low latency, high
bandwidth and linear scalable

interface

Even the low end i2 server
comes with scalable features
and supports NUMA

ACore 1/0 Enhancements [8 SAS

disks, 6G SAS], 8G FC support,
10G LOM, PCleetc

The speed and feed of i2
servers are very large
compared to Alpha!

The performance
improvements delivered with

The TCO paper outlines the
i2 server are a mix of

cost, power and density

benefits AHardwareevel improvements
AOperating system innovations
The i2 servers support state of Customers will see up to 2x
the art RAS capabilities performance benefits with i2
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References

A Please mail us your OpenVMS performance
feedback or concerns tot4@hp.com

A Please refer to below 2 white papers on
OpenVMS performance and scalability

8 Performance Benefits on BL8x0c i2 Server Blades

8 Total Cost of Upgrade

A 12 Server Technical Reads

d Take a tour around the new HP Integrity rx2800 server
(Video, 2:44)

sanew HP Integrity rx2800 technical white paper

8 White paper: Why scalable blades: HP Integrity server
blades

ADi dnot find what you | ook for

d Enterprise servers, workstations, and systems hardware

technical web site QD
/
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Questions/Comments

A Business Manager (Rohini Madhavan)

drohini.madhavan@hp.com

A Office of Customer Programs
3 OpenVMS.Programs@hp.com




