HSO06 on new CPU, KVM virtual
machines and commercial cloud
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The HEP server for CPU farm

» Two socket
» Rack mountable: |U, 2U, dual twin, blade
» Multicore

» About 2GB per logical cpu
» x86-64

» Intel or AMD
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Bulldozer Multi-Year Roadmap

Next Generation
“Bulldozer”
Enhanced /_ :
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Interlagos

Specifications of AMD Opteron "Interlagos"” and "Valencia” Processors in 2011

Data by unofficial sources, compiled by X-bit Iabs (mm.xb/‘t/abs. com)

Frequencies Cache |
Model Cores| ACP Stepping |Bus Speed| Socket
Base Boost L2 IMC Li L2 | L3
6282 SE | 2.60GHz | 3.10GHz | 2.60GHz 140w
6276 2.30GHz | 2.80GHz | 2.30GHz
2.0GHz
6274 2.20GHz | 2.70GHz | 2.20GHz 16 | 115W | 768KB | 16MB
6272 2.10GHz | 2.60GHz | 2.10GHz
6262 HE | 1.60GHz ? 1.60GHz | 1.80GHz 85w
G4
6238 2.60GHz | 3.10GHz | 2.60GHz
12 S76KB [12MB
6234 2.40GHz | 2.20GHz [ 2.40GHz
6220 3.00GHz | 3.50GHz | 3.00GHz | 2-0GHz 15w
8 384KB| 8MB
6212 2.60GHz| 3.10GHz | 2.60GHz
aMB| B2 |eacomT/s
6204 3.30GHz | 3.80GHz| 3.30GHz - 512KB | 4MB
4284 3.30GHz | 3.80GHz| 3.0GHz
2.20GHz 95w
4280 2.80GHz | 3.30GHz | 2.80GHz
8 384KB| 8MB
4274 HE | 2.60GHz ? 2.60GHz| 2.0GHz &5W
4256 EE | 1.60Hz ? 1.60GHz | 1.60GHz 35w
c32
4238 3.40GHz | 3.920GHz | 3.40GHz
2.20GHz
4234 3.10GHz [ 3.60GHz| 3.10GHz 95w
6 288KB | 6MB
4226 2.70GHz | 3.20GHz | 2.70GHz
2.0GHz
4228 HE | 2.80GHz ? 2.80GHz 65w
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Intel roadmap C

Intel Server Microarchitecture Roadmap

NetBurst Core
Cascades = Prestonia =2 Nocona ‘Woodcrest = Wolldale

Nehalem Sandy Bridge Haswell
Tylersburg P Weitmere Romley < hy Beidge  Haswell = Rockwedl
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New Intel Naming L/

After Several generation of Xeon

5n xx
New Server Processor Numbering 5Ixx (Woodcrest /Core 2c 65nm)
Brand Name Prod Line Prod Family Version 33xx (CIovertown / Core 4c 65nm)
(€3, €S, €7) (v2, v3, v4, etc)
Lglnt I® Xeon® D_Q_Q__$_Jl’ cessor @ﬁj" C#E @ 54xx (Harpertown / Penryn 4c
Wayness, maximum number of CPUs in a 45nm)

node (1, 2, 4, 8)
Socket/segment designation
7 (%45 8) ‘Low Power’ SKUs (after 55xx (Gainestown / Nehalem 4c/8t
Designator Actual Socket Processor SKU 4 digit numeric set):

LS (Westmere EX) (i.e. 10, 20, 30, ctc...) Alpha Description 45nm)
Suffix
6 R (Sandy Bridge)
- B2 (Sandy Bridge)

56xx (aka Gulftown / Nehalem 6c/

H2 (Sandy Bridge

2011 example above 12t 45)
(socket changes over time,
designator does not)

Now Xeon E5 26xx ‘“Sandy
Bridge” EP 8c/16t (@32 nm)
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The dual proc Xeon ES5 26xx C

Processor Cores/ Max DDR3
Model # Threads Speed

E5-2690 8.0 GT/s 3.5

E5-2680 2.7GHz 20M 8.0GT/s 8/16 3.5 130W 1600
E5-2670 2.6GHz 20M 8.0GT/s 8/16 3.3 115W 1600
E5-2667 2.9GHz 15M 8.0 GT/s 8/16 3.5 130W 1600
E5-2665 2.4GHz 20M 8.0 GT/s 8/16 3.1 115W 1600
E5-2660 2.2GHz 20M 8.0GT/s 8/16 3 95w 1600
E5-2650L 1.8GHz 20M 8.0GT/s 8/16 2.3 70W 1600
E5-2650 2.0GHz 20M 8.0 GT/s 8/16 3.8 95W 1600
E5-2643 3.3GHz 10M 8.0 GT/s 4/8 3.5 130W 1600
E5-2640 2.5GHz 15M 7.2 GT/s 6/12 3 5w 1333
E5-2637 3.0GHz 5M 6.4 GT/s 2/4 3.5 80w 1600
E5-2630 2.3GHz 15M 7.2GT/s 6/12 2.8 95W 1333
E5-2630L 2.0GHz 15M 7.2GT/s 6/12 2.5 60W 1333
E5-2620 2.0GHz 15M 7.2 GT/s 6/12 2.5 95w 1333
E5-2609 2.4GHz 10M 6.4 GT/s 4/8 NA 80w 1066
E5-2603 1.8GHz 10M 6.4 GT/s 4/8 NA 80w 1066
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Configuration Software C

» Operating System: SL release 5.7 (Boron)

» Compiler: gcc version 4.1.2 20080704 (Red Hat 4.1.2-51)
» HEP-SPECO06 based on SPEC CPU 1.2 (32bit)

» HEP-SPECO06 64 bit (default config + remove “—m32")

» 2GB per core unless explicitly stated



AMD 6272 2x16core 64GB at 2.1( up
to 2.6) GHz

HepSpec 32bit

HS06




AMD 6272 2x16core 64GB at 2.1 GHz ey’
in 64bit mode C

HepSpec 64bit
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Piledriver core C

» Substitute the “Bulldozer” core

Smarter prefetching

A perceptron branch predictor that supplements the primary
BPU

Larger L1 TLB

Schedulers that free up tokens more quickly

Faster FP and integer dividers and SYSCALL/RET (kernel/
System call instructions)

Faster Store-to-Load forwarding



Abu Dhabi Family

AMD Opteron™ 6300 Series Processors

wmber %% Speo  Mabroguency Cacne TP SocketTee
6386 SE 16 2.8GHz 3.5GHz 16MB 140W G34
6380 16 2.5GHz 3.4GHz 16MB 115W G34
6378 16 2.4GHz 3.3GHz 16MB 115w G34
6376 16 2.3GHz 3.2GHz 16MB 115w G34
6348 12 2.8GHz 3.4GHz 16MB 115w G34
6344 12 2.6GHz 3.2GHz 16MB 115w G34
6328 8 3.2GHz 3.8GHz 16MB 115w G34
6320 8 2.8GHz 3.3GHz 16MB 115W G34
6308 - 3.5GHz N/A 16MB 115w G34
6366 HE 16 1.8GHz 31GHz 16MB 85w G34
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AMD 6378 2x16core 64GB at 2.4GHz
vs 6272 2.1 GHz — 32bit

HepSpec 32bit

HS06

threads



AMD 6378 2x16core 64GB at 2.4GHz
vs 6272 2.1 GHz - 64Dbit

HepSpec 64bit

HS06

threads



Better architecture

Area of improvment
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Intel vs AMD C
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Intel Xeon ES

Intel Xeon®
E5-2600

Core 2 Corel

Core 4 Core 3

Core 6 Core 5

Core 8 Core 7

Upto20MB
CACHE

“Upto2

Intel Xeon®
E5-2600

Core 1l Core 2
Core 3 Core 4
Core 5 Core 6
Core 7 Core 8

20MB
CACHE

1




After ES5

» E5 version 2?

()

» lvy Bridge core with 22nm tri-gate process
Reduce TDP

» Up to 10 cores with 25MB (or 30?) L3 cache
» 15% - 20% clock update



Mining in the SPEC site C
» Selected CPU INT RATE 2006 as a proxy of HS06

» Kept only measurements on dual proc configuration
» Only x86-64 architecture intel or AMD



Clock range is stable C
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Since Aug 2006 C
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Elastic Cloud

» European Project e-Fiscal
Sergio Andreozzi (EGI)

Kashif Igbal (ICHEC, NUI Galway, Ireland)
HSO06 is the main benchmark in EGI

How we compare it with Amazon Elastic Cloud (EC2)
» Create Virtual Machines environment on SL

» Map to EC2 type of computing node

22



First generation (M1) Standard instances provide customers with a balanced set of resources and a low cost
platform that is well suited for a wide variety of applications.

M1 Small Instance - default*

1.7 GiB memory

1 EC2 Compute Unit (1 virtual core with 1 EC2 Compute Unit)
160 GB instance storage

32-bit or 64-bit platform

1/O Performance: Moderate

EBS-Optimized Available: No

API name: mil.small

M1 Medium Instance

3.75 GiB memory

2 EC2 Compute Unit (1 virtual core with 2 EC2 Compute Unit)
410 GB instance storage

32-bit or 64-bit platform

I/O Performance: Moderate

EBS-Optimized Available: No

API name: ml.medium

M1 Large Instance

7.5 GiB memory

4 EC2 Compute Units (2 virtual cores with 2 EC2 Compute Units each)
850 GB instance storage

64-bit platform

I/O Performance: Moderate

EBS-Optimized Available: 500 Mbps

API name: m1l.large

M1 Extra Large Instance

15 GiB memory

8 EC2 Compute Units (4 virtual cores with 2 EC2 Compute Units each)
1,690 GB instance storage

64-bit platform

I/O Performance: High

EBS-Optimized Available: 1000 Mbps

API name: m1l.xlarge



Xeon ES 2600 vs EC2

Intel Xeon ES 2600

24

Bare Metal
1VMUP/ 1VMRUN
32 VM UP/1 VM RUN
32 VM UP/32 VM RUN

Bare Metal

1VMUP/ 1 VM RUN
16 VM UP/1 VM RUN
16 VM UP / 16 VM RUN

Bare Metal

1VM UP/ 1 VM RUN
8 VM UP/1 VM RUN

8 VM UP / 8 VM RUN

Bare Metal

1VM UP/ 1 VM RUN
8 VM UP/1 VM RUN

8 VM UP / 8 VM RUN

EC2Medium
EC2Large
EC2Extra Large

EC2 unit
2
4
8

core

1VvM
2VM
4VM

16 core/32logical cpu SL6.2 64GB
mem 1 HS06 32 HS06
21.94 Stdev 100.00% 323.27 100.00%
1.5GB 21.22 0.17 96.72%
1.5GB 19.41 0.37 88.49%
1.5GB S.11 0.15 291.62 90.21%
2HS06 32HS06
44.04 100.00% 323.27
3GB 41.50 94.23%
3GB 40.67 0.23 92.35%
3GB 18.73 0.35 299.68 92.70%
4HS06 32 HS06
82.58 100.00% 323.27
6 GB 75.86 91.86%
6 GB 74.75 0.32 90.52%
6 GB 36.47 0.57 291.78 90.26%
8HS06 32 HS06
150.38 100.00% 323.27
7GB 137.59 115 91.4%%
7GB 136.87 0.73 91.01%
7GB 74.03 0.72 296.12 91.60%
3.75GB 11.42
7.5GB 18.13
15GB 44.41
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Opteron 6272 vs EC2 C

Amd 6272 32 cores SL6.2 64GB
core mem 1HS06 32 HS06

Bare Metal 13.26 Stdev 100.00% 244.90 100.00%

1VMUP/ 1VMRUN 1 1.5GB 12.76 0.21 96.23%

32 VM UP/1 VM RUN 1 1.5GB 11.72 0.12 88.3%%

32 VM UP/32 VM RUN 1 1.5GB 6.91 0.15 220.97 90.23%
2HS06 32 HS06

Bare Metal 26.21 100.00% 244.90

1VMUP/ 1 VM RUN 2 3GB 23.84 90.96%

16 VM UP/1 VM RUN 2 3GB 23.39 0.05 89.24%

16 VM UP / 16 VM RUN 2 3GB 13.40 0.25 214.42 87.55%
4HS06 32 HS06

Bare Metal 51.97 100.00% 244.90

1VM UP/ 1 VM RUN 4 6 GB 46.61 0.10 89.65%

8 VM UP/1 VM RUN 4 6 GB 46.01 0.29 88.53%

8 VM UP / 8 VM RUN 4 6 GB 13.40 0.25 210.48 85.95%
8HS06 32 HS06

Bare Metal 91.45 100.00% 244.90

1VM UP/ 1 VM RUN 8 7GB 85.42 0.32 93.41%

8 VM UP/1 VM RUN 8 7GB 85.09 0.50 93.04%

8 VM UP / 8 VM RUN 8 7GB 51.99 0.66 207.99 84.93%

EC2 unit

EC2 Medium 2 1VM 3.75GB 11.42

EC2Large 4 2VM  7.5GB 18.13

EC2 Extra Large 8 4VM 15GB 44.41

25
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HSO6 Score

Bare Metal 1VM n VMs + n VMs + Fully
Minimal load loaded

 SPEC score < with the > no. of VMs
* Virtualisation + Multi-tenancy effect on performance ~ 3.28%

to 58.48%
HPC/HTC vs. Cloud Benchmarking — eFiscal Workshop

* More realistic figure ~ 11536 58:48
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HSO6 Score

Bare Metal 1VM nVMs + n VMs + Fully
Minimal load loaded

* Virtualisation + MT effect on performance ~ 9.49% to 57.47%
* Note the minimal effect of > no. of VMs

HPC/HTC vs. Cloud Benchmarking — eFiscal Workshop

@ EGI TF 2012, Prague 27
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e-FISCA
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* Virtualisation + MT effect on performance ~ 8.14% to 55.84%

Note the minimal effect of > no. of VMs

HPC/HTC vs. Cloud Benchmarking — eFiscal Workshop
@ EGI TF 2012, Prague
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Bare Metal 1V nVMs+ nVMs+ Fully
Minimal load loaded

* Virtualisation + MT effect on performance ~ 3.77% to 47.89%

HPC/HTC vs. Cloud Benchmarking — eFiscal Workshop

@ EGI TF 2012, Prague 29
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Bare Metal 1V nVMs+ nVMs+ Fully
Minimal load loaded
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HSO6 Score

* Virtualisation + MT effect on performance ~ 9.04% to 48.88%

HPC/HTC vs. Cloud Benchmarking — eFiscal Workshop

@ EGI TF 2012, Prague 30






