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Topics
• OpenPower … why
• Power8 Platform & Chip Design
• NVidia Tesla P100 GPU Deep Learning
• CAPI & Open CAPI
• Spectrum Scale & Components
• Power8 Solutions with Elastic Storage 

Sever
• Big Data Analytics - Hadoop
• Open Software Solutions and Application 

Performance
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POWER – OpenPower …why
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Today’s challenges demand innovation

Data holds competitive valueFull system and stack 
open innovation required

You are here
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Accelerated innovation through 
collaboration of partners 

Amplified capabilities driving 
industry performance leadership

Vibrant ecosystem through 
open development

Cloud Computing
Hyperscale & Large scale 

Datacenters

High Performance
Computing & Analytics

Domestic 
IT Agendas

Industry adoption, Open choice

OpenPOWER Strategy

Moore’s law no longer satisfies 
performance gain

Numerous IT consumption 
models 

Growing workload 
demands

Mature Open software 
ecosystem

Market Shifts

OpenPOWER, a catalyst for Open Innovation

OpenPOWER is an open development community, 
using the POWER Architecture to serve the evolving needs of customers.
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POWER – Power8 Platform & Chip Design
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Systems designed to take Data Rich and High Performance Computing (HPC) 
Linux workloads to the next level

S822LC For High 
Performance Computing

MTM 8335-GTB

• Introducing CPU-GPU NVLink, 
delivering >2.5X the bandwidth 
to GPUs 

•POWER8 with NVIDIA NVLink

•Up to 4 integrated NVIDIA 
“Pascal” GPUs

S822LC For Big Data
MTM 8001-22C

• Ideal for storage-centric and 
high data through-put 
workloads

•Brings 2 POWER8 sockets 
for Big Data workloads

•Big data acceleration with 
work CAPI and GPUs  

S821LC
MTM 8001-22C

•Storage rich single socket 
system for big data 
applications

•Memory Intensive 
workloads

S822LC
MTM 8335-GCA

•Up to 2.2X memory 
bandwidth of Intel x86 
systems

•Memory Intensive 
workloads

S812LC
MTM 8348-21C

•2 POWER8 sockets in a 1U 
form factor  

• Ideal for environments 
requiring dense computing 

NEW
NEW

NEW

Introducing the LC Portfolio of OpenPOWER servers

IBM Power Systems LC 
Portfolio 

HPC
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System Details
 2-socket, 2U
 Up to 20 cores (2.86-3.26Ghz)
 1 TB Memory (32 DIMMs)
 230GB/sec memory bandwidth
 2x SFF (HDD/SSD), SATA
 Up to 4 integrated NVIDIA Tesla P100 GPUs
 3 PCIe slots, 3 CAPI enabled, IB Add-in
 Air or water cooled 

System Details
 2-socket, 2U
 Up to 20 cores (2.9-3.3Ghz)
 512 GB Memory (16 DIMMs)
 115GB/sec memory bandwidth
 12 SFF/LFF (HDD/SSD) 96 TB storage 
 5 PCIe slots, 4 CAPI enabled
 2 NVIDIA PCIe GPU capable

System Details
 2 socket, 1U
 Up to 20 cores (2.09-2.32Ghz)
 512 GB Memory (16 DIMMs)
 115 GB/sec memory bandwidth
 4 SFF/LFF (HDD/SSD), 32 TB Storage
 4 PCIe slots, 3 CAPI enabled
 1 NVIDIA PCIe GPU capable

S822LC for High 
Performance Computing

S822LC for Big Data S821LC 

New 
POWER8 

with NVLink 
Processor 

New Tesla P100 
with NVLink

Current Power Linux Servers

K80 or Tesla P100
K80 or Tesla P100
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4X
Threads per core*

4X 
Mem. Bandwidth*

4X
More cache*

SMT=Simultaneous Multi-Threading    
OLTP = On-Line Transaction Processing  

These design decisions result in best performance for data centric workloads like: 
Database, NoSQL, Big Data Analytics, OLTP

IBM Innovates with POWER8: Breakthrough performance for YOUR 
data

POWER8
SMT8

x86
Hyperthread

Parallel Processing
POWER8

pipe

Data flow

x86 pipe POWER8

x86 POWER8 + 
OpenPOWER

x86
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Presenter
Presentation Notes
POWER8 compared to Haswell EXSources: Haswell EX:  http://ark.intel.com/products/84685/Intel-Xeon-Processor-E7-8890-v3-45M-Cache-2_50-GHz               POWER8: http://www-01.ibm.com/common/ssi/cgi-bin/ssialias?subtype=BR&infotype=PM&appname=STGE_PO_PO_USEN&htmlfid=POB03046USEN
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Processor Comparisons: Haswell POWER8 Comments

SMT / Core 2T 8T 4X
L1 DCache / Core 32 KB 64 KB 2X
L2 Cache / Core 256 KB 512 KB 2X
L3 Cache / Processor 16 - 45 MB 80 - 96 MB 2.1X – 6.0X
L4 Cache / System None 64 MB – 2 GB Helps Big Data

L2 Cache Bw / Core 116 GB/s 320 GB/s 2.76X
Maximum “Sustained” Mem Bw 53 GB/s 224 GB/s 4.2X
STAC-A2 Greeks / Core 121/ms 38/ms 3.2X
STAC-A2 Assets / Core 3.125 1.667 1.9X
STAC-A2 Paths / Core 1.17 0.22 5.3X

Transactional Memory No Yes Helps Scalability
PCI-Exp Gen3 / Processor 16x (32 GB/s) 48x (96 GB/s) 3X

Native/Custom Engine Accelerator No CAPI/FPGA Helps Analytics
Large “In Memory” Flash No CAPI/Flash Helps Big Data

POWER8 Core is ~2X to 3X  of a Haswell Core!
POWER8 Provides a “New Class” of Capabilities for
Attacking Analytics, Big Data, HPC & Cloud Workloads!

(Best Version)

(Threads)

Power 8 Internal Speeds –Important for Big Data

Return to top

Presenter
Presentation Notes
Buffering memory requests made by the processor... The L4 is faster than the rest of the DRAM and there are smart read-ahead algorithms that run on the L4 controller (on the DIMM). Also for write operations, the L4 is faster than the DRAM, so P8 does not have to wait as long on memory IO. Then there is RAS... due in part to L4 and part to the DIMMs controller.. there is error correction logic running on each DIMM 
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Hot Chips 2017 – Roadmap
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Hot Chips 2016 – POWER9 Processor Common Features
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POWER – NVidia with NVlink Tesla P100 
GPU – Deep Learning Machine Learning
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• NVLink between CPUs and GPUs 
enables fast memory access to large 
data sets in system memory

• Two NVLink connections between 
each GPU and CPU-GPU leads to 
faster data exchange

• First to market: volume shipments 
starting September, 2016

POWER8+P100+NVLink for increases system bandwidth

P100
GPU

Power8
CPU

GPU
Memory

System 
Memory

P100
GPU

80 GB/s

GPU
Memory

NVLink

115 GB/s

P100
GPU

Power8
CPU

GPU
Memory

System 
Memory

P100
GPU

80 GB/s

GPU
Memory

NVLink

115 GB/s

Presenter
Presentation Notes
At the core of the PowerAI solution is the high bandwidth capability of NVLink on the Power Systems S822LC for HPC.  NVLink is a high bandwidth protocol which enables faster GPU-GPU communication, by providing multiple point-to-point connections.  For Deep Learning workloads, this decreases memcache copy time, reducing GPU wait, and allowing the GPUs to execute more training cycles in a shorter amount of time.As a POWER8 and OpenPOWER exclusive, full NVLink connectivity between CPU and GPU, provides this same wide data path between the GPU and system memory, allowing workloads using large training datasets which can’t be stored only in limited GPU memory a faster way to “reload”; the outcome is faster training and the ability to train with larger datasets for improved accuracy.Tesla P100 architecture simplifies programming, sharing memory between CPU & GPUUnified memory: allows programs to access full memory addresses of all CPU and GPUsPage Migration Engine: GPU memory faults seamlessly migrate to CPU memory
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Why it Matters: 
Use Cases where NVLink will have the most Impact

Mask Bus Transfers 
from Host-Device

Constant Data Transfers 
between adjacent GPUs

Burst Data at Startup 
and Teardown

.

Stream Data at Same 
Rate as Computation

Genomics, Cryptography, Video 
Processing, etc.

CFD/CAE, Machine Learning, 
Deep Learning, etc.

Molecular Dynamics, 
Amber, etc.

Accelerated Databases, 
Analytics, etc.

Presenter
Presentation Notes
Genomics, Cryptography, Video Processing, etc.CFD/CAE, Machine Learning, Deep Learning, etc.Molecular Dynamics, Amber, etc.Accelerated Databases, Analytics, etc.
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Introducing PowerAI: 
Get Started Fast with Deep Learning

Enabled by High Performance Computing Infrastructure

Package of Pre-Compiled 
Major Deep Learning 

Frameworks

Easy to install & get started 
with Deep Learning with 
Enterprise-Class Support

Optimized for Performance 
To Take Advantage of 

NVLink
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Simplify Access and Installation
• Tested, binary builds of common Deep Learning 

frameworks for ease of implementation
• Simple, complete installation process documented 

on IBM OpenPOWER
– http://openpowerfoundation.org/blogs/ and search Deep 

Learning
• Future focus on optimizing specific packages for 

POWER: NVIDIA Caffe, TensorFlow, and Torch

• Additional docs… DIY…

Already 
ported Future focus

OS Ubuntu 14.04 Ubuntu 16.04
CUDA 7.5 8.0
cuDNN 5.1 5.1
Built w/
MASS Yes Yes
OpenBLAS 0.2.18 Optimize
Caffe 1.0 rc3
NVIDIA Caffe 0.14.5 Optimize
NVIDIA 
DIGITS 3.2
Torch 7 Optimize
Theano 0.8.2
TensorFlow 0.9 Optimize
CNTK Nov 2015(*)
DL4J 0.5.0(*)
Chainer
GPU 2x K80 4 x P100
Base System 822LC Minsky

    

https://www.ibm.com/developerworks/community/blogs/home/search?q=%22Deep+Learning+on+
OpenPOWER%22&t=entry&f=all&maxresults=50&sortby=0&order=desc&lang=en

Presenter
Presentation Notes
PowerAI simplifies access to and implementation of the most popular open source Deep Learning frameworks, delivering them as either source code (at launchpad, URL) or pre-built binaries, ready to run on the first enterprise system in the market with NVIDIA P100 (“Pascal”) GPUs and full NVLink connectivity for performance.Today, PowerAI includes an build of the Berkeley Caffe framework incorporating optimizations from IBM Research.  In the future, IBM will expand this and optimize other frameworks to improve performance.Artificial Intelligence (AI)Intelligence exhibited by machines or softwareMachine Learning (ML)Type of AI that enables computers to learn without being explicitly programmedDeep Learning (DL)Type of ML,  based on neural networks loosely modeled after the brain,  that learns features and representations of data Trainingneural “inspired”, fed by millions of data points … repetition drives weighting and connections  Inferenceclassifying a new data point by inferring its similarity to the trained model

http://openpowerfoundation.org/blogs/
https://www.ibm.com/developerworks/community/blogs/home/search?q=%22Deep+Learning+on+OpenPOWER%22&t=entry&f=all&maxresults=50&sortby=0&order=desc&lang=en
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Machine Learning / Deep Learning Software Stack
Healthcare 
Diagnosis / 
Treatment

Banking
Fraud analysis

Pattern 
Recognition 

Self-driving Cars Retail Customer 
Service Agents

Vision / Image 
processingNLP

On-Prem & Cloud
Scale-out servers

Cloud Deployment

DL Frameworks
CAFFE, Torch, 
TensorFlow, …

Industry 
Solutions 

MLDL Building 
Blocks

Software Libraries 
Frameworks, Services

Infrastructure

... Knowledge 
Representation

Data Layer Accelerated 
DBsNoSQL DBs Streams

Machine 
Learning

Hadoop / HDFS

Accelerators
GPUs, FPGAs, CAPI 

Flash, DL Accelerators

Unique Power 
Technologies
NVLink, CAPI

ML Libraries
Spark ML, Spark R, 

SciKit, Numpy, 
SystemML, Mahout 

Cognitive 
Platforms

Watson

Cloud Services
Amazon, Microsoft, 
Google, IBM Cloud

Distributed 
Computing

Hadoop, Spark, 
MPI

... 

Legacy DBs

Math Libraries:  OpenBLAS/MASS, ATLAS, ESSL, LAPACK, cuDNN, cuBLAS, cuSparse, …PowerAI
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AlexNet Trained in Under 1 Hour (57 mins)

Improve performance: 2.2X faster training time


Chart1

		4 x P100 / NVLink

		4 x M40 / PCIe



Minutes

Training time compared (minutes): 
AlexNet and Caffe to top-1, 50% Accuracy
(shorter is better)

57

126



Sheet1

				Minutes		Column1

		4 x P100 / NVLink		57

		4 x M40 / PCIe		126
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Realize CFD results 40% faster on OpenFOAM on IBM Power 
System S822LC compared to Xeon E5-2600v3 Systems
Iterate faster through improved time to solution

• IBM Power S822LC delivers 
1.4x the OpenFOAM 
performance from a superior 
processor design
 Higher Memory bandwidth
 Increased L3 cache
 SMT (simultaneous multi-threading)

• Moreover, IBM Power S822LC 
delivers exceptional throughput 
on the largest meshes

• Results are based on IBM internal testing of systems running OpenFOAM version  2.3.0  code benchmarked on POWER8 systems.. Individual results will vary depending on individual workloads, 
configurations and conditions.

• IBM Power System S822LC, POWER8; 3.5 GHz, 512 GB memory; 2x 10 core processors/ 4 threads per core
• Bull R424-E4, Intel E5-2680v3, 2.5 GHz, 128 GB memory, 2x 12 core processors / 1 thread per core

22
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Firestone

Haswell

Grid Points

Runtime [s]

simpleFoam 1 Node (Smaller Values better)

1531.61

2219.24

6583.01

8935.25

13032.05

18422.68
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								1280

		default setup		6		1		1280		1								6.02		3.93		0.15		0.17		3.75		0.26		119.93		74.96		1.61		1.9		4.4		3.44		229.48		178.26		7.74		4.06		2.13		1.08																						375.21		268.06		0.65		1.13		0.07		0.63		1.18		0.78		0.78		0.52		0.51		0.71

		serial		1		1		1280		1								5.96		3.85		0.12		0.18		5.26		0.32		378.74		247.94		0.85		0.35		4.77		3.96		862.12		709.15		1.01		0.2		0.28		0.08																						1259.11		966.03		0.65		1.50		0.06		0.65		0.41		0.83		0.82		0.20		0.29		0.77

								0

		no Numa etc.						0

		scotch		6		1		1280		1										4.45				0.25				0.42				94.89				2.53				5.04				194.06				2.72				1.3																								305.66

		scotch		8		1		1280		1										3.06				0.06				0.17				72.64				3.26				4.23				156.69				3.29				1.31																								244.71

		scotch		8		8		10240		1										2.87				0.11				0.28				422.36				3.83				11.77				986.43				16.42				4.58																								1448.65

		scotch		15		8		10240		1										2.9				0.11				0.35				273.85				8.49				14.43				798.79				27.77				5																								1131.69

		scotch		8		8		10240		2										3.11				0.11				0.29		0.81		73.89				3.41				5.16				154.46				4.47				1.6																								246.5

								0

		1 socket, local memory		5		1		1280		1				t5.f1		t5.f1		4		3		0		0		0		0		106		95		1		2		2		3		268		217		3		3		1		1		0.160		0.164		0.420		0.418		0.074		0.064		0.197		0.196		-0.123		-0.132		385		324		0.77		0.67		0.64		0.90		2.64		1.72		0.81		1.00		0.99		0.84

				8		1		1280		1				t8.f1		t8.f1		4		3		0		0		0		0		80		75		1		3		1		4		173		167		3		3		1		2		0.161		0.162		0.419		0.420		0.070		0.076		0.196		0.201		-0.126		-0.124		265		258		0.77		0.75		0.73		0.94		4.27		2.90		0.96		1.04		1.96		0.97

				8		2		2560		1				t8.f2		t8.f2		4		5		0		0		0		0		148		130		4		3		5		5		274		281		6		5		1		3		0.169		0.167		0.418		0.419		0.058		0.058		0.198		0.196		-0.140		-0.138		443		432		1.16		0.89		0.77		0.88		0.76		0.84		1.03		0.88		2.36		0.98

				8		8		10240		1				t8.f8		t8.f8		4		3		0		0		0		0		416		435		1		3		4		7		738		907		16		16		3		4		0.166		0.164		0.424		0.425		0.077		0.080		0.204		0.204		-0.127		-0.125		1183		1375		0.79		0.83		0.76		1.05		3.41		1.71		1.23		0.96		1.30		1.16		0.97		0.96

		Best run 1280				1		1280				353391						4		3		0		0		0		0		80		75		1		2		1		3		173		167		3		3		1		1																						265		258														0.96						0.97

				10		8		10240		1				t10.f8		t10.f8		4		3		0		0		0		0		379		366		1		4		4		8		655		822		19		18		3		4		0.169		0.167		0.422		0.421		0.066		0.066		0.202		0.200		-0.136		-0.134		1067		1227		0.87		1.38		0.74		0.97		4.55		1.92		1.26		0.94		1.20		1.15

				20/15		8		10240		1				t20.f8		t15.f8		4		3		0		0		1		0		338		299		1		6		3		10		569		722		34		26		3		4		0.171		0.161		0.426		0.416		0.079		0.069		0.210		0.195		-0.131		-0.126		954		1071		0.74		0.80		0.39		0.88		5.24		3.11		1.27		0.77		1.14		1.12

				30		8		10240		1				t30.f8		t30.f8		5		3		0		0		1		1		380		333		1		19		3		26		620		762		48		44		5		4		0.161		0.166		0.418		0.423		0.071		0.068		0.196		0.200		-0.125		-0.132		1064		1192		0.58		0.80		0.72		0.88		14.46		7.40		1.23		0.91		0.85		1.12

				40/na		8		10240		1				t40.f8		t30.f8		4		3		0		0		2		1		388		333		2		19		4		26		644		762		64		44		4		4		0.167		0.166		0.418		0.423		0.064		0.068		0.199		0.200		-0.135		-0.132		1113		1192		0.74		0.92		0.38		0.86		10.89		7.17		1.18		0.69		0.95		1.07		1.12		1.27

		Best run 10240				8		10240				1895816						4		3		0		0		0		0		338		299		1		4		3		8		569		722		19		18		3		4																						954		1071														1.27						1.12

				10		64		81920		1				t10.f64		t10.f64		4		3		1		1		1		1		615		762		1		4		6		10		1100		1574		33		33		5		7		0.151		0.166		0.418		0.430		0.086		0.085		0.194		0.209		-0.108		-0.123		1767		2395		0.77		1.00		0.69		1.24		3.90		1.77		1.43		0.99		1.40		1.36

				20/15		64		81920		1				t20.f64		t15.f64		4		3		1		1		2		2		658		519		1		6		5		13		978		1357		58		45		5		8		0.155		0.166		0.419		0.422		0.082		0.076		0.196		0.204		-0.114		-0.128		1713		1955		0.77		1.52		1.09		0.79		5.38		2.73		1.39		0.77		1.61		1.14

				30		64		81920		1				t30.f64		t30.f64		5		3		1		1		2		1		689		595		1		20		5		29		1059		1366		85		104		5		9		0.162		0.168		0.421		0.426		0.084		0.069		0.204		0.203		-0.120		-0.133		1852		2129		0.61		0.44		0.70		0.86		14.23		5.84		1.29		1.23		1.57		1.15

				40/na		64		81920						t40.f64		t30.f64		4		3		1		1		2		1		614		595		2		20		4		29		999		1366		115		104		6		9		0.166		0.168		0.434		0.426		0.075		0.069		0.203		0.203		-0.128		-0.133		1748		2129		0.78		1.08		0.60		0.97		12.17		6.44		1.37		0.90		1.41		1.22

				50/na		64		81920						t50.f64		t30.f64		5		3		1		1		3		1		804		595		3		20		7		29		1511		1366		138		104		7		9		0.172		0.168		0.435		0.426		0.068		0.069		0.207		0.203		-0.138		-0.133		2479		2129		0.66		0.41		0.52		0.74		5.80		3.99		0.90		0.76		1.25		0.86

				60/na		64		81920						t60.f64		t30.f64		4		3		1		1		3		1		884		595		4		20		8		29		1577		1366		165		104		7		9		0.169		0.168		0.421		0.426		0.074		0.069		0.206		0.203		-0.132		-0.133		2653		2129		0.77		1.00		0.48		0.67		5.23		3.71		0.87		0.63		1.20		0.80

				70/na		64		81920						t70.f64		t30.f64		4		3		1		1		3		1		837		595		3		20		6		29		1186		1366		186		104		9		9		0.169		0.168		0.429		0.426		0.078		0.069		0.208		0.203		-0.130		-0.133		2236		2129		0.77		0.98		0.42		0.71		5.84		4.44		1.15		0.56		0.95		0.95

				80/na		64		81920		1				t80.f64		t30.f64		4		3		1		1		4		1		992		595		5		20		9		29		1397		1366		211		104		8		9		0.167		0.168		0.430		0.426		0.086		0.069		0.210		0.203		-0.124		-0.133		2630		2129		0.76		1.00		0.32		0.60		4.36		3.25		0.98		0.49		1.08		0.81		1.14		1.39

		Best run 81920				64		81920				3244700						4		3		1		1		1		1		614		519		1		4		4		10		978		1357		33		33		5		7																						1713		1955														1.39						1.14

				10		1000		1280000		1				t10.f1000		t10.f1000		4		5		6		10		10		11		512		576		1		4		5		10		993		1332		29		28		4		6		0.159		0.163		0.410		0.423		0.086		0.076		0.202		0.201		-0.115		-0.125		1565		1982		1.31		1.59		1.07		1.13		3.68		2.00		1.34		0.96		1.35		1.27

				20/15		1000		1280000		1				t20.f1000		t15.f1000		4		3		8		7		12		10		926		780		1		7		7		16		1372		1905		82		60		7		9		0.163		0.156		0.418		0.411		0.080		0.069		0.203		0.190		-0.123		-0.121		2419		2796		0.80		0.89		0.82		0.84		5.06		2.32		1.39		0.73		1.24		1.16

				30		1000		1280000		1				t30.f1000		t30.f1000		5		5		7		7		13		12		568		783		1		21		5		33		980		1834		79		123		5		9		0.161		0.166		0.410		0.431		0.066		0.076		0.194		0.204		-0.128		-0.128		1664		2828		0.94		1.06		0.94		1.38		14.87		6.89		1.87		1.56		1.77		1.70

				40/na		1000		1280000						t40.f1000		t30.f1000		4		5		8		7		15		12		574		783		2		21		5		33		935		1834		100		123		6		9		0.158		0.166		0.416		0.431		0.084		0.076		0.200		0.204		-0.116		-0.128		1649		2828		1.18		0.91		0.85		1.36		11.55		7.34		1.96		1.22		1.67		1.72

				50/na		1000		1280000						t50.f1000		t30.f1000		4		5		6		7		16		12		674		783		4		21		6		33		1301		1834		117		123		6		9		0.163		0.166		0.421		0.431		0.087		0.076		0.206		0.204		-0.119		-0.128		2137		2828		1.11		1.08		0.76		1.16		5.62		5.16		1.41		1.05		1.48		1.32

				60/na		1000		1280000						t60.f1000		t30.f1000		4		5		6		7		17		12		1352		783		4		21		10		33		2181		1834		230		123		9		9		0.173		0.166		0.437		0.431		0.080		0.076		0.213		0.204		-0.133		-0.128		3814		2828		1.21		1.10		0.72		0.58		4.97		3.29		0.84		0.53		1.05		0.74

				70/na		1000		1280000						t70.f1000		t30.f1000		4		5		6		7		18		12		1303		783		4		21		7		33		1357		1834		218		123		8		9		0.156		0.166		0.415		0.431		0.064		0.076		0.188		0.204		-0.124		-0.128		2926		2828		1.22		1.12		0.68		0.60		5.48		4.90		1.35		0.56		1.14		0.97

				80/na		1000		1280000		1				t80.f1000		t30.f1000		4		5		6		7		22		12		1213		783		7		21		11		33		1910		1834		232		123		9		9		0.167		0.166		0.433		0.431		0.084		0.076		0.209		0.204		-0.125		-0.128		3414		2828		1.19		1.10		0.58		0.65		3.06		2.97		0.96		0.53		1.08		0.83		1.27		1.42

		Best run 1.28M				1000		1280000				3056264						4		3		6		7		10		10		512		576		1		4		5		10		935		1332		29		28		4		6																						1565		1982														1.42						1.27

				10		10000		12800000		1				t10.f10000		t10.f10000		5		3		60		65		78		81		918		881		5		5		28		33		3095		4288		110		112		15		22		0.193		0.184		0.447		0.430		0.059		0.065		0.223		0.216		-0.164		-0.151		4315		5491		0.66		1.07		1.03		0.96		1.09		1.18		1.39		1.02		1.55		1.27

				20/15		10000		12800000		1				t20.f10000		t15.f10000		6		3		61		63		89		85		790		682		2		7		18		32		2679		4131		197		158		15		28		0.188		0.192		0.437		0.440		0.056		0.055		0.216		0.219		-0.160		-0.165		3860		5188		0.47		1.02		0.95		0.86		3.78		1.71		1.54		0.80		1.87		1.34

				30		10000		12800000		1				t30.f10000		t30.f10000		5		3		68		63		115		102		722		721		45		20		44		49		2902		4260		541		278		58		21		0.190		0.196		0.440		0.454		0.058		0.049		0.219		0.221		-0.161		-0.172		4502		5517		0.55		0.93		0.89		1.00		0.46		1.10		1.47		0.51		0.36		1.23

				40/na		10000		12800000		1				t40.f10000		t30.f10000		11		3		80		63		146		102		750		721		2		20		15		49		2673		4260		825		278		24		21		0.190		0.196		0.441		0.454		0.063		0.049		0.222		0.221		-0.158		-0.172		4526		5517		0.28		0.79		0.70		0.96		9.25		3.26		1.59		0.34		0.87		1.22

				50/na		10000		12800000						t50.f10000		t30.f10000		7		3		69		63		116		102		749		721		4		20		17		49		2732		4260		466		278		19		21		0.194		0.196		0.447		0.454		0.056		0.049		0.222		0.221		-0.166		-0.172		4180		5517		0.43		0.90		0.88		0.96		5.05		2.86		1.56		0.60		1.08		1.32

				60/na		10000		12800000						t60.f10000		t30.f10000		4		3		60		63		118		102		804		721		4		20		17		49		2753		4260		556		278		18		21		0.187		0.196		0.443		0.454		0.050		0.049		0.213		0.221		-0.162		-0.172		4335		5517		0.76		1.04		0.87		0.90		5.23		2.87		1.55		0.50		1.16		1.27

				70/na		10000		12800000						t70.f10000		t30.f10000		4		3		63		63		129		102		886		721		5		20		19		49		2735		4260		640		278		19		21		0.188		0.196		0.437		0.454		0.059		0.049		0.217		0.221		-0.158		-0.172		4500		5517		0.77		1.00		0.79		0.81		4.30		2.55		1.56		0.43		1.11		1.23

				80/na		10000		12800000						t80.f10000		t30.f10000		4		3		60		63		125		102		923		721		6		20		18		49		2958		4260		731		278		26		21		0.200		0.196		0.448		0.454		0.068		0.049		0.234		0.221		-0.166		-0.172		4853		5517		0.74		1.04		0.81		0.78		3.17		2.65		1.44		0.38		0.79		1.14		1.34		1.55

		Best run 12.8M				10000		12800000				12821146						4		3		60		63		78		81		722		682		2		5		15		32		2673		4131		110		112		15		21																						3860		5188														1.55						1.34

				10		39304		50309120		1				t10.f39304		t10.f39304		4		4		229		264		297		310		3929		3775		5		9		101		134		12549		17950		447		551		48		156		0.170		0.172		0.420		0.419		0.068		0.063		0.204		0.204		-0.135		-0.141		17609		23155		1.08		1.16		1.04		0.96		1.81		1.33		1.43		1.23		3.24		1.31

				20/15		39304		50309120		1				t20.f39304		t15.f39304		4		3		229		262		383		481		3355		3068		4		11		90		114		10529		17307		799		708		49		120		0.177		0.177		0.427		0.432		0.058		0.059		0.206		0.206		-0.148		-0.148		15441		22075		0.79		1.14		1.26		0.91		2.47		1.27		1.64		0.89		2.48		1.43

				30		39304		50309120		1				t30.f39304		t30.f39304		7		3		236		259		390		599		3387		3080		4		24		82		134		10571		17813		1150		1199		49		144		0.171		0.181		0.424		0.428		0.060		0.062		0.201		0.212		-0.141		-0.150		15877		23255		0.46		1.10		1.54		0.91		5.60		1.63		1.69		1.04		2.92		1.46

				40/na		39304		50309120		1				t40.f39304		t30.f39304		4		3		229		259		421		599		2985		3080		4		24		76		134		8962		17813		1493		1199		49		144		0.179		0.181		0.435		0.428		0.073		0.062		0.216		0.212		-0.143		-0.150		14225		23255		0.84		1.13		1.42		1.03		5.64		1.76		1.99		0.80		2.92		1.63

				50/na		39304		50309120		1				t50.f39304		t30.f39304		4		3		235		259		434		599		3350		3080		6		24		77		134		9550		17813		1838		1199		50		144		0.172		0.181		0.421		0.428		0.063		0.062		0.203		0.212		-0.140		-0.150		15543		23255		0.79		1.10		1.38		0.92		4.28		1.74		1.87		0.65		2.89		1.50

				60/na		39304		50309120		1				t60.f39304		t30.f39304		4		3		236		259		461		599		3061		3080		6		24		65		134		10101		17813		2166		1199		58		144		0.178		0.181		0.431		0.428		0.068		0.062		0.212		0.212		-0.144		-0.150		16159		23255		0.81		1.10		1.30		1.01		3.79		2.05		1.76		0.55		2.47		1.44

				70/na		39304		50309120		1				t70.f39304		t30.f39304		4		3		236		259		492		599		3336		3080		7		24		64		134		10020		17813		2503		1199		59		144		0.167		0.181		0.418		0.428		0.075		0.062		0.205		0.212		-0.129		-0.150		16721		23255		0.80		1.10		1.22		0.92		3.53		2.10		1.78		0.48		2.44		1.39

				80/na		39304		50309120		1				t80.f39304		t30.f39304		4		3		236		259		491		599		3485		3080		8		24		65		134		10506		17813		2856		1199		63		144		0.185		0.181		0.436		0.428		0.051		0.062		0.211		0.212		-0.160		-0.150		17714		23255		0.80		1.10		1.22		0.88		3.24		2.05		1.70		0.42		2.29		1.31		1.55		1.93

		Best run 50M				39304		50309120				50482840						4		3		229		259		297		310		2985		3068		4		9		64		114		8962		17307		447		551		48		120																						14225		22075														1.93						1.55

				10		78608		100618240						t10.f78608		t10.f78608		4		3		460		478		521		670		8204		8821		9		15		196		296		24927		76795		844		1042		102		314		0.170		0.168		0.418		0.414		0.061		0.060		0.201		0.198		-0.140		-0.138		35267		88434		0.76		1.04		1.29		1.08		1.63		1.51		3.08		1.23		3.09		2.51

				20/15		78608		100618240						t20.f78608		t15.f78608		4		3		461		519		599		709		6511		7324		8		16		178		258		20327		82163		1539		1295		102		320		0.171		0.171		0.418		0.418		0.063		0.061		0.202		0.202		-0.139		-0.141		29729		92607		0.75		1.13		1.18		1.12		1.90		1.45		4.04		0.84		3.14		3.12

				30		78608		100618240						t30.f78608		t30.f78608		4		3		461		529		649		927		6966		8026		10		28		150		245		19885		85257		2246		2231		106		328		0.173		0.170		0.418		0.421		0.062		0.060		0.204		0.200		-0.141		-0.140		30477		97574		0.86		1.15		1.43		1.15		2.87		1.63		4.29		0.99		3.09		3.20

				40/na		78608		100618240						t40.f78608		t30.f78608		4		3		461		529		703		927		5990		8026		11		28		119		245		18152		85257		2943		2231		106		328		0.171		0.170		0.421		0.421		0.063		0.060		0.203		0.200		-0.140		-0.140		28487		97574		0.85		1.15		1.32		1.34		2.68		2.06		4.70		0.76		3.09		3.43

				50/na		78608		100618240						t50.f78608		t30.f78608		4		3		463		529		739		927		6865		8026		14		28		139		245		19525		85257		3656		2231		108		328		0.168		0.170		0.415		0.421		0.065		0.060		0.200		0.200		-0.135		-0.140		31513		97574		0.86		1.14		1.25		1.17		2.01		1.75		4.37		0.61		3.02		3.10

				60/na		78608		100618240						t60.f78608		t30.f78608		4		3		463		529		758		927		6862		8026		16		28		141		245		19866		85257		4308		2231		111		328		0.171		0.170		0.421		0.421		0.059		0.060		0.200		0.200		-0.141		-0.140		51996		97574		0.86		1.14		1.22		1.17		1.81		1.73		4.29		0.52		2.97		1.88

				70/na		78608		100618240						t70.f78608		t30.f78608		4		3		464		529		797		927		6972		8026		17		28		136		245		19765		85257		5042		2231		114		328		0.170		0.170		0.418		0.421		0.065		0.060		0.202		0.200		-0.137		-0.140		50291		97574		0.85		1.14		1.16		1.15		1.62		1.79		4.31		0.44		2.88		1.94

				80/na		78608		100618240						t80.f78608		t30.f78608		4		3		461		529		823		927		6692		8026		23		28		126		245		18843		85257		5741		2231		113		328		0.173		0.170		0.419		0.421		0.061		0.060		0.204		0.200		-0.142		-0.140		54224		97574		0.86		1.15		1.13		1.20		1.24		1.94		4.52		0.39		2.90		1.80		3.10		4.23

		Best run 100M				78608		100618240				101098455						4		3		460		478		521		670		5990		7324		8		15		119		245		18152		76795		844		1042		102		314																						28487		88434														4.23						3.10

																																		surfaceFeature
Extract		4

		Threads/core		50M cells		100M																												blockMesh		229

		1		12549		24927																												decompose
Par		421

		2		10529		20327																												snappyHex
Mesh		2985

		3		10571		19885																												patch
Summary		4

		4		8962		18152																												potential
Foam		76

		5		9550		19525																												simple
Foam		8962

		6		10101		19866																												reconstruct
ParMesh		1493

		7		10020		19765																												reconstruct
Par		49

		8		10506		18843

		SMT		simpleFoam				Factor 39304						Cells 50M								smt with and without rankfile								Cells 100M						rankfile with and without smt												version 2.4.0

								runtimes (200 steps)																		runtimes (200 steps)										40 threads		2 sockets				100M						40 threads		2 sockets				100M

				threads		SMT-Mode		smt-x				smt-8		speedup								with		without												smt-2		3944						average										average

				10		1		5195				5424		1.044080847								7130		7126												smt-8		4038		4049		4036		4041				4115.35		4121.77		4116.8		4117.9733333333

				20		2		4193				4868		1.16098259								7127		7141														1.0238336714		1.0266227181		1.023326572												1.9%

				30		4		4338				4163		0.959658829

				40		4		3854				4027		1.0448884276

		tc_malloc vs std_malloc

		Tuletta												thread_factor				absolut runtimes [s] std malloc - tc malloc																																																												Speedup t[Intel]/t[P8]

				sockets		threads		blocks
Factor		grid
Points		grid		p8		intel		surfaceFeature
Extract				blockMesh				decompose
Par				snappyHex
Mesh				patch
Summary				potential
Foam				simple
Foam				reconstruct
ParMesh				reconstruct
Par				Cm				Cd				Cl				Cl(f)				Cl(r)				total				surfaceFeature
Extract		blockMesh		decompose
Par		snappyHex
Mesh		patch
Summary		potential
Foam		simple
Foam		reconstruct
ParMesh		reconstruct
Par		total		total all		speedup piso

				1		40		10000				1.28E+07		t40.f10000		t40.f10000		5		4		111		59		124		102		1706		693		7		6		19		20		926		948		721		372		0		0		0.190		0.190		0.441		0.441		0.064		0.064		0.222		0.221		-0.158		-0.158		3619		2205		0.76		0.53		0.83		0.41		0.81		1.05		1.02		0.52		1.00		0.61

				2		40		10000				1.28E+07		t20.f10000		t20.f10000		5		4		110		59		122		102		1144		438		7		6		14		15		505		557		724		368		0		0		0.190		0.190		0.442		0.441		0.064		0.064		0.221		0.221		-0.158		-0.158		2632		1550		0.74		0.53		0.84		0.38		0.83		1.07		1.10		0.51		1.00		0.59

				1		40		39304				5.03E+07		t40.f39304		t40.f39304		5		4		440		230		504		438		7100		2916		13		8		66		64		3917		3754		2885		1462		0		0		0.171		0.171		0.427		0.422		0.065		0.076		0.203		0.209		-0.139		-0.133		14932		8876		0.74		0.52		0.87		0.41		0.61		0.97		0.96		0.51		0.90		0.59

				2		40		39304				5.03E+07		t20.f39304		t20.f39304		5		4		434		230		504		423		4994		1885		10		7		41		48		2033		2239		2867		1468		0		0		0.176		0.176		0.428		0.430		0.060		0.078		0.206		0.215		-0.147		-0.137		10890		6304		0.74		0.53		0.84		0.38		0.68		1.17		1.10		0.51		0.90		0.58

																		1.3409478949				1.8905865533				1.1862714233				2.5387855127				1.3899337792				0.9418497615				0.9587266013				1.958144262

		2.3.0 vs 2.4.0		2.4.0 requires phi for potentialFoam												no phi for 2.3.0

		Tuletta 512GB		2.3.0		vs		2.4.0						thread_factor				absolut runtimes [s] 2.3.0 - 2.4.0																																																												Speedup t[Intel]/t[P8]

				sockets		threads		blocks
Factor		grid
Points		grid		p8		intel		surfaceFeature
Extract				blockMesh				decompose
Par				snappyHex
Mesh				patch
Summary				potential
Foam				simple
Foam				reconstruct
ParMesh				reconstruct
Par				Cm				Cd				Cl				Cl(f)				Cl(r)				total				surfaceFeature
Extract		blockMesh		decompose
Par		snappyHex
Mesh		patch
Summary		potential
Foam		simple
Foam		reconstruct
ParMesh		reconstruct
Par		total		total all		speedup piso

				2		20		78608				100M		t20.f78608.s2		t20.f78608.s2		4		4		463		466		699		701		3930		3613		9		9		93		87		4017		4081		2935		2968		0		0		0.175		0.166		0.423		0.418		0.063		0.061		0.206		0.197		-0.144		-0.136		12151		11929		0.95		1.01		1.00		0.92		0.95		0.93		1.02		1.01		1.00		0.98

				2		20		78608				100M		t20.f78608.s2		t20.f78608.s2		4		4		464		470		696		723		3873		3716		8		9		90		97		4011		4127		2935		2981		0		0		0.175		0.171		0.423		0.417		0.059		0.060		0.205		0.201		-0.146		-0.141		12082		12127		1.00		1.01		1.04		0.96		1.12		1.07		1.03		1.02		0.90		1.00

				2		20		78608				100M		t20.f78608.s2		t20.f78608.s2		4		4		461		466		700		702		3990		3539		9		9		83		90		3991		4166		2946		2963		0		0		0.174		0.166		0.423		0.413		0.064		0.068		0.206		0.200		-0.142		-0.132		12186		11941		0.96		1.01		1.00		0.89		1.08		1.09		1.04		1.01		0.90		0.98

												average						4		4		463		467		698		709		3931		3623		9		9		89		91		4006		4125		2939		2971		0		0																						12140		11999

																				-3%				1%				1%				-8%				5%				3%				3%				1%				-7%																								-1%

		2.3.0 vs 2.4.0		2.4.0 requires phi for potentialFoam												with phi for 2.3.0

		Tuletta 512GB		2.3.0		vs		2.4.0						thread_factor				absolut runtimes [s] 2.3.0 - 2.4.0																																																												Speedup t[Intel]/t[P8]

				sockets		threads		blocks
Factor		grid
Points		grid		p8		intel		surfaceFeature
Extract				blockMesh				decompose
Par				snappyHex
Mesh				patch
Summary				potential
Foam				simple
Foam				reconstruct
ParMesh				reconstruct
Par				Cm				Cd				Cl				Cl(f)				Cl(r)				total				surfaceFeature
Extract		blockMesh		decompose
Par		snappyHex
Mesh		patch
Summary		potential
Foam		simple
Foam		reconstruct
ParMesh		reconstruct
Par		total		total all		speedup piso

				2		20		78608				100M		t20.f78608.s2		t20.f78608.s2		4		4		462		466		701		701		4049		3613		9		9		87		87		4139		4081		2937		2968		0		0		0.171		0.166		0.419		0.418		0.061		0.061		0.202		0.197		-0.141		-0.136		12389		11929		0.93		1.01		1.00		0.89		0.97		1.00		0.99		1.01		0.91		0.96

				2		20		78608				100M		t20.f78608.s2		t20.f78608.s2		4		4		464		470		697		723		3830		3716		10		9		96		97		4163		4127		2918		2981		0		0		0.173		0.171		0.423		0.417		0.062		0.060		0.204		0.201		-0.141		-0.141		12181		12127		1.01		1.01		1.04		0.97		0.98		1.00		0.99		1.02		0.69		1.00

				2		20		78608				100M		t20.f78608.s2		t20.f78608.s2		4		4		462		466		699		702		3730		3539		9		9		93		90		4139		4166		2935		2963		0		0		0.174		0.166		0.421		0.413		0.060		0.068		0.204		0.200		-0.143		-0.132		12072		11941		0.99		1.01		1.00		0.95		1.06		0.97		1.01		1.01		1.00		0.99

												average						4		4		463		467		699		709		3870		3623		9		9		92		91		4147		4125		2930		2971		0		0																						12214		11999

																				-3%				1%				1%				-6%				0%				-1%				-1%				1%				-15%																								-2%

		500 steps		no write		simpleFoam

		grid size		Tuleta		Ivy		Haswell

		1280000		935		1332		1433

		12800000		2673		4131		4854

		50309120		8962		17307		20267

		100618240		18152		76795		39832

		CLNAG-GCC

		Tuletta with tc_malloc				no_write								thread_factor				absolut runtimes [s] CLANG - GCC																																																												Speedup t[GCC]/t[Clang]

				sockets		threads		factor		grid
Points				p8		intel		surfaceFeature
Extract				blockMesh				decompose
Par				snappyHex
Mesh				patch
Summary				potential
Foam				simple
Foam				reconstruct
ParMesh				reconstruct
Par				Cm				Cd				Cl				Cl(f)				Cl(r)				total				surfaceFeature
Extract		blockMesh		decompose
Par		snappyHex
Mesh		patch
Summary		potential
Foam		simple
Foam		reconstruct
ParMesh		reconstruct
Par		total

				1		20		1000		1280000				t20.f1000		t20.f1000		4		4		6		6		10		14		896		836		1		1		6		6		485		493		71		73		0		0		0.171		0.172		0.434		0.444		0.082		0.082		0.212		0.213		-0.130		-0.131		1480		1434		-6%		-2%		44%		-7%		4%		-1%		2%		3%		-11%		-3%

				1		40		1000		1280000				t40.f1000		t40.f1000		4		4		6		6		12		17		819		760		3		4		8		8		421		422		139		144		0		0		0.174		0.175		0.447		0.441		0.083		0.071		0.215		0.211		-0.132		-0.139		1414		1366		-7%		-2%		45%		-7%		14%		2%		0%		3%		-20%		-3%

				1		20		10000		12800000				t20.f10000		t20.f10000		4		4		60		59		73		97		751		705		2		2		18		17		1064		1043		188		193		0		0		0.188		0.203		0.442		0.459		0.059		0.060		0.217		0.233		-0.158		-0.173		2160		2121		-7%		-2%		33%		-6%		-1%		-4%		-2%		3%		0%		-2%

				1		40		10000		12800000				t40.f10000		t40.f10000		4		4		61		59		85		119		658		613		4		5		17		17		910		926		359		370		0		0		0.183		0.192		0.436		0.442		0.046		0.063		0.206		0.223		-0.161		-0.160		2098		2114		-7%		-3%		40%		-7%		9%		3%		2%		3%		0%		1%

				1		20		39304		50309120				t20.f39304		t20.f39304		4		4		237		231		241		309		3360		2935		5		5		87		74		4336		4175		736		765		0		0		0.174		0.176		0.428		0.435		0.075		0.072		0.211		0.212		-0.136		-0.140		9007		8499		-8%		-2%		28%		-13%		-9%		-15%		-4%		4%		17%		-6%

				1		40		39304		50309120				t40.f39304		t40.f39304		4		4		237		231		279		377		2735		2600		6		7		69		66		3691		3691		1407		1457		0		0		0.174		0.177		0.425		0.434		0.068		0.065		0.207		0.210		-0.140		-0.145		8430		8434		-6%		-3%		35%		-5%		5%		-4%		-0%		4%		-10%		0%

				1		20		78608		100618240				t20.f78608		t20.f78608		4		4		474		463		444		559		6961		6461		9		8		168		165		8782		8174		1490		1525		0		0		0.171		0.172		0.420		0.421		0.065		0.062		0.203		0.203		-0.139		-0.141		18333		17360		-7%		-2%		26%		-7%		-9%		-2%		-7%		2%		0%		-5%

				1		40		78608		100618240				t40.f78608		t40.f78608		4		4		474		463		514		679		5814		5586		11		10		132		126		7334		7189		2801		2910		0		0		0.172		0.172		0.419		0.420		0.061		0.062		0.203		0.203		-0.141		-0.141		17084		16968		-8%		-2%		32%		-4%		-1%		-5%		-2%		4%		11%		-1%

														=====

				2		20		1000		1280000				t20.f1000.s2		t20.f1000.s2		4		4		6		6		12		17		540		515		4		4		7		7		251		246		135		140		0		0		0.171		0.173		0.445		0.447		0.085		0.079		0.214		0.212		-0.129		-0.133		960		940		-8%		-2%		42%		-5%		5%		-2%		-2%		4%		0%		-2%

				2		40		1000		1280000				t40.f1000.s2		t40.f1000.s2		4		4		6		6		14		20		550		532		12		14		16		19		251		251		264		282		0		0		0.173		0.175		0.441		0.441		0.076		0.080		0.211		0.215		-0.135		-0.135		1119		1129		-7%		-2%		42%		-3%		11%		14%		-0%		7%		0%		1%

				2		20		10000		12800000				t20.f10000.s2		t20.f10000.s2		4		4		61		59		85		116		447		414		4		4		13		12		479		506		356		370		0		0		0.189		0.194		0.439		0.445		0.062		0.064		0.220		0.226		-0.158		-0.162		1449		1485		-7%		-2%		37%		-7%		2%		-12%		6%		4%		0%		2%

				2		40		10000		12800000				t40.f10000.s2		t40.f10000.s2		4		4		61		59		102		147		445		420		12		14		20		22		474		504		696		723		0		0		0.194		0.179		0.449		0.424		0.048		0.053		0.218		0.205		-0.170		-0.152		1814		1896		-7%		-2%		45%		-5%		18%		10%		6%		4%		0%		4%

				2		10		39304		50309120				t10.f39304.s2		t10.f39304.s2		4		4		237		231		239		309		2418		2019		4		3		68		53		2467		2395		733		764		0		0		0.174		0.176		0.428		0.435		0.075		0.072		0.211		0.212		-0.136		-0.140		6170		5780		-7%		-3%		29%		-16%		-11%		-22%		-3%		4%		0%		-6%

				2		20		39304		50309120				t20.f39304.s2		t20.f39304.s2		4		4		237		231		278		376		1809		1622		5		6		45		41		2009		1943		1408		1458		0		0		0.167		0.170		0.423		0.421		0.075		0.077		0.204		0.208		-0.129		-0.132		5796		5681		-8%		-3%		36%		-10%		1%		-9%		-3%		4%		0%		-2%

				2		40		39304		50309120				t40.f39304.s2		t40.f39304.s2		4		4		237		231		326		468		1734		1596		14		16		45		46		1837		1812		2753		2850		0		0		0.175		0.181		0.429		0.432		0.075		0.065		0.212		0.213		-0.137		-0.149		6951		7024		-7%		-3%		44%		-8%		16%		3%		-1%		4%		67%		1%

				2		20		78608		100618240				t20.f78608.s2		t20.f78608.s2		4		4		474		463		507		680		3934		4005		8		8		98		81		4125		4045		2847		2932		0		0		0.174		0.173		0.420		0.426		0.061		0.073		0.205		0.209		-0.144		-0.137		11998		12219		-7%		-2%		34%		2%		-1%		-17%		-2%		3%		0%		2%

				2		40		78608		100618240				t40.f78608.s2		t40.f78608.s2		4		4		474		463		604		863		3407		3370		17		19		84		82		3800		3591		5509		5683		0		0		0.175		0.172		0.424		0.419		0.062		0.062		0.206		0.204		-0.144		-0.141		13900		14076		-7%		-2%		43%		-1%		14%		-3%		-6%		3%		0%		1%

		Best		1		n/a		1000										4		4		6		6		10		14		819		760		1		1		6		6		421		422		71		73		0		0																						1414		1366		-7%		-2%		44%		-7%		4%		-1%		0%		3%		-11%		-3%

				1		n/a		10000										4		4		60		59		73		97		658		613		2		2		17		17		910		926		188		193		0		0																						2098		2114		-7%		-2%		33%		-7%		-1%		2%		2%		3%		0%		1%

				1		n/a		39304										4		4		237		231		241		309		2735		2600		5		5		69		66		3691		3691		736		765		0		0																						8430		8434		-8%		-3%		28%		-5%		-9%		-4%		-0%		4%		17%		0%

				1		n/a		78608										4		4		474		463		444		559		5814		5586		9		8		132		126		7334		7189		1490		1525		0		0																						17084		16968		-7%		-2%		26%		-4%		-9%		-5%		-2%		2%		11%		-1%

						n/a

				2		n/a		1000										4		4		6		6		12		17		540		515		4		4		7		7		251		246		135		140		0		0																						960		940		-8%		-2%		42%		-5%		5%		-2%		-2%		4%		0%		-2%

				2		n/a		10000										4		4		61		59		85		116		445		414		4		4		13		12		474		504		356		370		0		0																						1449		1485		-7%		-2%		37%		-7%		2%		-12%		6%		4%		0%		2%

				2		n/a		39304										4		4		237		231		239		309		1734		1596		4		3		45		41		1837		1812		733		764		0		0																						5796		5681		-8%		-3%		29%		-8%		-11%		-8%		-1%		4%		0%		-2%

				2		n/a		78608										4		4		474		463		507		680		3407		3370		8		8		84		81		3800		3591		2847		2932		0		0																						11998		12219		-7%		-2%		34%		-1%		-1%		-3%		-6%		3%		0%		2%
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		P8 vs. Ivybridge																		P8 vs. Haswell Japan														P8 vs Haswell see ve_with_write.xlsx

		Grid Points		simpleFoam speedup		total speedup		P8 total time		X total time		P8 sim time		Ivy sim time						Grid Points		total speedup		simpleFoam speedup		P8 total time		X total time		P8 sim time		X86 sim time

		1280		0.96		0.97		265		258		173		167						1280		1.00		1.00

		10240		1.27		1.12		954		1071		569		722						10240		1.09		1.00		569		623

		81920		1.39		1.14		1713		1955		978		1357						81920		1.00		1.28		1100		1100		578		737

		1280000		1.42		1.27		1565		1982		935		1332						1280000		1.08		1.30		1500		1615		784		1016

		12800000		1.55		1.34		3860		5188		2673		4131						12800000		1.32		1.81		2325		3080		1309		2372

		50309120		1.93		1.55		14225		22075		8962		17307						50309120		1.33		1.63		9755		12961		6106		9929

		100618240		4.23		3.10		28487		88434		18152		76795						100618240		1.00		1.00

		s

		Tuletta vs. Firestone with write

		Grid Points		simpleFoam speedup		Tuletta		Firestone

		0		0.00		644		0

		0		0.00		999		0

		0		0.00		935		0

		0		0.00		2673		0

		0		0.00		8962		0

		0		0.00		18152		0

		Firestone vs. Haswell with write

		Grid Points		simpleFoam speedup		Haswell		Firestone

		0		0.00		0		0

		0		0.00		0		0

		0		0.00		0		0

		0		0.00		0		0

		0		0.00		0		0

		0		0.00		0		0
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		with tc_malloc																thread_factor		absolut runtimes [s], 200 steps																														simpleFoam

				sockets		threads		threads/core		blocks
Factor		grid
Points		vertices
Factor		measured
points		Tuletta BB		surfaceFeature
Extract		blockMesh		decompose
Par		snappyHex
Mesh		patch
Summary		potential
Foam		simple
Foam		Cm		Cd		Cl		Cl(f)		Cl(r)		total						threads		grid		Tuletta BB		Firestone POK		Haswell POK				Tuletta/Firestone		H/F

				1				10				1280

				1		5		1		1		1280				353391		t5.f1		4		0		0		104		1		2		80		0.17		0.42		0.07		0.20		-0.13		192						5		1280		80		82		122				0.98		1.50		1.021978022

				1		8		1		1		1280						t8.f1		4		0		0		78		1		2		56		0.16		0.42		0.07		0.20		-0.12		141						8		1280		56		58		101				0.97		1.75		1.0308983747

				1		8		1		2		2560				1895816		t8.f2		4		0		0		136		1		2		93		0.16		0.41		0.07		0.19		-0.13		236						8		2560		93		100		171				0.92		1.71		1.0824430776

				1		8		1		8		10240				1895816		t8.f8		4		0		0		409		1		4		280		0.16		0.42		0.08		0.20		-0.12		699						8		10240		280		297		615				0.94		2.07		1.0602258918

				1		40		4		8		10240				1895816		t40.f8		4		0		1		429		5		8		179		0.17		0.42		0.07		0.20		-0.13		626						40		10240		179		212		540				0.84		2.55		1.1837191099

				1		40		4		64		81920				3244700		t40.f64		4		0		1		534		5		9		321		0.17		0.44		0.09		0.22		-0.13		876						40		81920		321		403		1101				0.80		2.73		1.2546026604

				1		40		4		1000		1280000				3056264		t40.f1000		4		6		13		473		5		9		282		0.17		0.42		0.08		0.21		-0.12		793						40		1280000		282		359		997				0.78		2.78		1.2754580315

				1		40		4		10000		12800000				12821146		t40.f10000		4		59		102		699		6		18		930		0.19		0.44		0.06		0.22		-0.16		1818						40		12800000		930		1261		3387				0.74		2.69		1.3557457607

				1		40		4		39304		50309120				50482840		t40.f39304		4		230		427		2867		8		66		3735		0.17		0.42		0.07		0.20		-0.13		7337						40		50309120		3735		5101		14966				0.73		2.93		1.3657312215

				1		40		4		78608		100618240				101098455		t40.f78608		4		461		697		6279		12		121		9700		0.17		0.42		0.07		0.21		-0.14		17275						40		100618240		9700		10002		24808				0.97		2.48		1.0312197154

		with tc_malloc				smt=8												thread_factor		absolut runtimes [s], 200 steps

						threads		threads/core		blocks
Factor		grid
Points		vertices
Factor		measured
points		Firestone POK		surfaceFeature
Extract		blockMesh		decompose
Par		snappyHex
Mesh		patch
Summary		potential
Foam		simple
Foam		Cm		Cd		Cl		Cl(f)		Cl(r)		total

				1				10				1280

				1		5		1		1		1280						t5.f1		3.99		0.04		0.07		107.6		0.42		1.41		81.8		0.167		0.424		0.065		0.199		-0.134		196.090538

				1		8		1		1		1280				353391		t8.f1		4		0		0		83		0		1		58		0.16		0.42		0.07		0.20		-0.12		147

				1		8		1		2		2560						t8.f2		4		0		0		141		0		2		100		0.16		0.41		0.07		0.19		-0.13		248

				1		8		1		8		10240				1895816		t8.f8		4		0		0		431		1		4		297		0.16		0.42		0.08		0.20		-0.12		737

				1		40		4		8		10240				1895816		t40.f8		4		0		0		465		2		4		212		0.17		0.44		0.06		0.20		-0.14		689

				1		40		4		64		81920				3244700		t40.f64		4		0		1		712		2		6		403		0.17		0.44		0.09		0.22		-0.13		1129

				1		40		4		1000		1280000				3056264		t40.f1000		4		6		13		599		2		6		359		0.16		0.42		0.08		0.19		-0.12		990

				1		40		4		10000		12800000				12821146		t40.f10000		4		61		103		883		3		21		1261		0.19		0.44		0.06		0.22		-0.16		2336

				1		40		4		39304		50309120				50482840		t40.f39304		5		240		431		3510		6		93		5101		0.18		0.43		0.07		0.21		-0.14		9388

				1		40		4		78608		100618240				101098455		t40.f78608		4		481		709		7528		9		199		10002		0.17		0.42		0.06		0.21		-0.14		18934

		with tc_malloc				smt=4												thread_factor		absolut runtimes [s], 200 steps

						threads		threads/core		blocks
Factor		grid
Points		vertices
Factor		measured
points		Firestone POK		surfaceFeature
Extract		blockMesh		decompose
Par		snappyHex
Mesh		patch
Summary		potential
Foam		simple
Foam		Cm		Cd		Cl		Cl(f)		Cl(r)		total

				1				10				1280

				1		5		1		1		1280						t5.f1		3.99		0.05		0.07		108.47		0.47		1.47		82.7		0.167		0.424		0.065		0.199		-0.134		197.960538

				1		8		1		1		1280				353391		t8.f1		4		0		0		82		0		1		60		0.16		0.42		0.07		0.20		-0.12		148

				1		8		1		2		2560						t8.f2		4		0		0		142		1		2		98		0.16		0.41		0.07		0.19		-0.13		247

				1		8		1		8		10240				1895816		t8.f8		4		0		0		430		1		4		301		0.16		0.42		0.08		0.20		-0.12		740

				1		40		4		8		10240				1895816		t40.f8		4		0		0		418		2		4		205		0.17		0.43		0.07		0.20		-0.14		635

				1		40		4		64		81920				3244700		t40.f64		4		0		1		669		2		5		395		0.17		0.43		0.09		0.21		-0.12		1077

				1		40		4		1000		1280000				3056264		t40.f1000		4		6		13		651		2		7		337		0.15		0.42		0.08		0.19		-0.12		1020

				1		40		4		10000		12800000				12821146		t40.f10000		4		61		103		848		3		21		1251		0.19		0.44		0.06		0.22		-0.16		2292

				1		40		4		39304		50309120				50482840		t40.f39304		4		240		431		3431		5		88		5112		0.17		0.43		0.07		0.21		-0.14		9312

				1		40		4		78608		100618240				101098455		t40.f78608		4		481		709		7487		9		188		9972		0.17		0.42		0.07		0.21		-0.14		18850

		with tc_malloc				smt=4												thread_factor		absolut runtimes [s], 200 steps

						threads		threads/core		blocks
Factor		grid
Points		vertices
Factor		measured
points		Haswell POK		surfaceFeature
Extract		blockMesh		decompose
Par		snappyHex
Mesh		patch
Summary		potential
Foam		simple
Foam		Cm		Cd		Cl		Cl(f)		Cl(r)		total

				1				18				1280

				1		5		1		1		1280						t5.f1		2.89		0.14		0.26		283.03		1.57		2.98		122.5		0.164		0.420		0.064		0.196		-0.132		414.042362

				1		8		1		1		1280				353391		t8.f1		2		0		0		222		2		3		101		0.16		0.42		0.08		0.20		-0.12		331

				1		8		1		2		2560						t8.f2		2		0		0		398		2		3		171		0.16		0.41		0.06		0.19		-0.13		578

				1		8		1		8		10240				1895816		t8.f8		2		0		0		1387		2		8		615		0.17		0.43		0.07		0.20		-0.13		2016

				1		18		1		8		10240				1895816		t18.f8		2		0		0		1059		4		9		540		0.17		0.43		0.07		0.21		-0.13		1616

				1		18		1		64		81920				3244700		t18.f64		2		0		1		1931		4		13		1101		0.17		0.44		0.10		0.22		-0.12		3054

				1		18		1		1000		1280000				3056264		t18.f1000		2		6		8		1629		5		12		997		0.16		0.41		0.08		0.20		-0.12		2660

				1		18		1		10000		12800000				12821146		t18.f10000		2		53		84		2596		8		45		3387		0.19		0.44		0.06		0.22		-0.16		6175

				1		18		1		39304		50309120				50482840		t18.f39304		2		209		381		11896		17		226		14966		0.18		0.43		0.08		0.22		-0.14		27698

				1		18		1		78608		100618240				101098455		t18.f78608		2		432		626		22329		28		410		24808		0.17		0.42		0.06		0.20		-0.14		48636

		with tc_malloc				smt adjust												thread_factor		absolut runtimes [s], 200 steps

		allrun.firestone.thread_sweep.smt.200		sockets		threads		threads/core		blocks
Factor		grid
Points		vertices
Factor		measured
points		Firestone		surfaceFeature
Extract		blockMesh		decompose
Par		snappyHex
Mesh		patch
Summary		potential
Foam		simple
Foam		reconstructParMesh		reconstructPar		Cm		Cd		Cl		Cl(f)		Cl(r)		total

				1		10		1		39304		50309120						t10.f39304		4		240		305		4162		5		157		6348		501		0		0.173		0.422		0.067		0.206		-0.139		11724

				1		20		2		39304		50309120						t20.f39304		4		240		395		3868		4		102		5367		861		0		0.180		0.428		0.065		0.212		-0.148		10843

				1		30		3		39304		50309120						t30.f39304		4		240		394		3879		4		101		5253		1213		0		0.168		0.419		0.079		0.207		-0.128		11090

				1		40		4		39304		50309120						t40.f39304		4		240		432		3472		5		98		5162		1574		0		0.171		0.430		0.073		0.208		-0.135		10988

				1		50		5		39304		50309120						t50.f39304		4		240		447		4035		5		86		5277		1924		0		0.168		0.422		0.070		0.203		-0.133		12020

				1		60		6		39304		50309120						t60.f39304		4		240		458		3779		5		87		5117		2309		0		0.174		0.424		0.075		0.211		-0.136		12001

				1		70		7		39304		50309120						t70.f39304		4		240		479		4002		5		92		5257		2660		0		0.176		0.426		0.058		0.205		-0.148		12741

				1		80		8		39304		50309120						t80.f39304		4		240		487		3698		6		91		5251		3037		0		0.177		0.425		0.068		0.211		-0.143		12815

				2		10		1		39304		50309120						t10.f39304.s2		4		240		394		2574		3		83		3115		866		0		0.174		0.432		0.076		0.212		-0.136		7279

				2		20		2		39304		50309120						t20.f39304.s2		4		240		432		2293		4		67		2679		1605		0		0.176		0.432		0.069		0.211		-0.141		7325

				2		30		3		39304		50309120						t30.f39304.s2		4		240		460		2328		4		63		2751		2316		0		0.178		0.430		0.069		0.213		-0.143		8168

				2		40		4		39304		50309120						t40.f39304.s2		4		240		487		2150		4		58		2661		3027		0		0.175		0.422		0.063		0.207		-0.143		8633

				2		50		5		39304		50309120						t50.f39304.s2		4		240		515		2548		5		60		2772		3752		0		0.171		0.421		0.068		0.205		-0.137		9898

				2		60		6		39304		50309120						t60.f39304.s2		4		240		524		2412		5		59		2721		4474		0		0.171		0.428		0.079		0.211		-0.132		10440

				2		70		7		39304		50309120						t70.f39304.s2		4		241		544		3198		5		61		3037		5188		0		0.168		0.424		0.076		0.205		-0.130		12279

				2		80		8		39304		50309120						t80.f39304.s2		4		240		555		4389		5		63		3802		5918		0		0.171		0.418		0.073		0.207		-0.134		14978

		with tc_malloc				no smt adjust												thread_factor		absolut runtimes [s], 200 steps																																compare smt-no smt

		allrun.firestone.thread_sweep.smt.200		sockets		threads		threads/core		blocks
Factor		grid
Points		vertices
Factor		measured
points		Firestone		surfaceFeature
Extract		blockMesh		decompose
Par		snappyHex
Mesh		patch
Summary		potential
Foam		simple
Foam		reconstructParMesh		reconstructPar		Cm		Cd		Cl		Cl(f)		Cl(r)		total				surfaceFeature
Extract		blockMesh		decompose
Par		snappyHex
Mesh		patch
Summary		potential
Foam		simple
Foam		reconstructParMesh		reconstructPar		total

				1		10		1		39304		50309120						t10.f39304		4		240		305		4170		5		148		6240		482		0		0.175		0.421		0.066		0.208		-0.142		11596				0%		0%		0%		0%		5%		-6%		-2%		-4%		-17%		-1%

				1		20		2		39304		50309120						t20.f39304		4		241		395		4048		5		110		5359		882		0		0.171		0.422		0.074		0.208		-0.135		11045				1%		0%		0%		5%		5%		8%		-0%		3%		0%		2%

				1		30		3		39304		50309120						t30.f39304		4		241		394		3872		5		113		5366		1231		0		0.173		0.426		0.074		0.210		-0.136		11227				-0%		0%		-0%		-0%		4%		11%		2%		1%		100%		1%

				1		40		4		39304		50309120						t40.f39304		5		241		433		3546		4		99		5132		1588		0		0.178		0.434		0.076		0.216		-0.140		11050				21%		0%		0%		2%		-2%		0%		-1%		1%		411%		1%

				2		10		1		39304		50309120						t10.f39304.s2		4		240		394		2461		3		77		3080		846		0		0.173		0.422		0.068		0.207		-0.139		7106				-1%		0%		0%		-4%		7%		-8%		-1%		-2%		20%		-2%

				2		20		2		39304		50309120						t20.f39304.s2		4		241		432		2228		3		61		2731		1574		0		0.177		0.429		0.075		0.214		-0.139		7276				0%		0%		0%		-3%		-19%		-10%		2%		-2%		0%		-1%

				2		30		3		39304		50309120						t30.f39304.s2		4		240		459		2525		4		73		2724		2316		0		0.172		0.423		0.065		0.205		-0.140		8346				-0%		-0%		-0%		8%		4%		15%		-1%		0%		-11%		2%

				2		40		4		39304		50309120						t40.f39304.s2		4		240		488		2107		5		73		2615		3049		0		0.174		0.425		0.068		0.209		-0.140		8580				0%		-0%		0%		-2%		8%		26%		-2%		1%		22%		-1%

						smt adjust												thread_factor		absolut runtimes [s], 200 steps

		allrun.firestone.thread_sweep.smt.200		sockets		threads		threads/core		blocks
Factor		grid
Points		vertices
Factor		measured
points		Haswell 
3 dimms		surfaceFeature
Extract		blockMesh		decompose
Par		snappyHex
Mesh		patch
Summary		potential
Foam		simple
Foam		reconstructParMesh		reconstructPar		Cm		Cd		Cl		Cl(f)		Cl(r)		total

		smt-1		1		12		0.7		1000		1280000						t12.f1000		3		5		7		1635		3		10		926		26		0.07		0.16297		0.413953		0.079087		0.202514		-0.123 €		2617

				1		18		1.0		1000		1280000						t18.f1000		2		5		7		1573		4		12		992		40		0.05		0.157658		0.412771		0.080387		0.197851		-0.117 €		2637

				1		12		0.7		10000		12800000						t12.f10000		2		49		68		2763		5		45		3332		107		0.03		0.186		0.437		0.060		0.216		-0.156		6373

				1		18		1.0		10000		12800000						t18.f10000		2		50		77		2545		7		45		3393		150		0.04		0.191		0.439		0.063		0.223		-0.160		6270

				1		12		0.7		39304		50309120						t12.f39304		2		195		297		12736		15		198		13847		424		0.06		0.173		0.424		0.066		0.206		-0.140		27715

				1		18		1.0		39304		50309120						t18.f39304		2		197		344		11482		17		207		14876		600		0.06		0.180		0.430		0.061		0.211		-0.150		27725

				1		12		0.7		78608		100618240						t12.f78608		2		400		515		23012		27		430		20998		875		0.08		0.171		0.418		0.059		0.201		-0.142		46260

				1		18		1.0		78608		100618240						t18.f78608		2		396		573		20048		25		333		23597		1225		0.10		0.172		0.420		0.061		0.203		-0.142		46201

				2		12		0.7		1000		1280000						t12.f1000.s2		2		5		8		892		7		11		451		47		0.05		0.159		0.420		0.087		0.202		-0.115		1425

				2		18		1.0		1000		1280000						t18.f1000.s2		2		5		10		750		13		17		444		68		0.05		0.169		0.423		0.065		0.201		-0.136		1310

				2		12		0.7		10000		12800000						t12.f10000.s2		2		50		84		1587		8		26		1762		192		0.04		0.189		0.441		0.056		0.217		-0.161		3711

				2		18		1.0		10000		12800000						t18.f10000.s2		2		49		91		1422		15		36		1808		275		0.05		0.193		0.439		0.061		0.223		-0.163		3698

				2		12		0.7		39304		50309120						t12.f39304.s2		2		195		369		6823		14		100		7175		782		0.08		0.181		0.441		0.071		0.217		-0.146		15461

				2		18		1.0		39304		50309120						t18.f39304.s2		2		196		393		6477		20		110		7442		1096		0.07		0.178		0.432		0.059		0.207		-0.149		15736

				2		12		0.7		78608		100618240						t12.f78608.s2		2		395		599		13813		21		226		13957		1619		0.11		0.173		0.424		0.057		0.201		-0.145		30633

				2		18		1.0		78608		100618240						t18.f78608.s2		2		389		663		12044		27		219		14959		2318		0.10		0.175		0.425		0.065		0.208		-0.143		30622				compare to smt-1

																																																				surfaceFeature
Extract		blockMesh		decompose
Par		snappyHex
Mesh		patch
Summary		potential
Foam		simple
Foam		reconstructParMesh		reconstructPar		total

		smt-2		1		24		1.3		1000		1280000						t24.f1000		2		5		9		1382		6		13		839		46		0.05		0.159		0.420		0.087		0.202		-0.115		2303				-19%		-1%		21%		-15%		109%		22%		-9%		76%		-29%		-12%

				1		36		2.0		1000		1280000						t36.f1000		2		5		10		1328		12		19		834		70		0.05		-9.904		12.929		-21.292		-20.551		-0.742		2240				-4%		0%		32%		-16%		187%		57%		-16%		75%		0%		-15%

				1		24		1.3		10000		12800000						t24.f10000		2		49		85		2442		9		38		2956		193		0.05		0.189		0.441		0.056		0.217		-0.161		5775				-0%		0%		25%		-12%		63%		-16%		-11%		79%		67%		-9%

				1		36		2.0		10000		12800000						t36.f10000		2		49		91		2240		14		50		3010		273		0.05		0.193		0.439		0.061		0.223		-0.163		5730				-3%		-1%		18%		-12%		118%		11%		-11%		82%		25%		-9%

				1		24		1.3		39304		50309120								2		195		403		10458		18		181		12379		800		0.05																0%		-0%		36%		-18%		16%		-9%		-11%		89%		-17%		-100%

				1		36		2.0		39304		50309120

				1		24		1.3		78608		100618240

				1		36		2.0		78608		100618240

				2		24		1.3		1000		1280000						t24.f1000.s2		2		5		9		1193		24		30		682		123		0.06		0.163		0.418		0.091		0.208		-0.117		2069				1%		-2%		13%		34%		241%		177%		51%		162%		20%		45%

				2		36		2.0		1000		1280000						t36.f1000.s2		2		5		11		1885		55		64		802		203		0.07		0.155		0.408		0.052		0.181		-0.129		3027				6%		2%		13%		151%		307%		265%		81%		199%		40%		131%

				2		24		1.3		10000		12800000						t24.f10000.s2		2		50		101		1537		25		46		1882		363		0.06		0.189		0.435		0.066		0.222		-0.156		4005				-3%		0%		20%		-3%		202%		76%		7%		89%		50%		8%

				2		36		2.0		10000		12800000						t36.f10000.s2		2		50		112		1567		55		79		1948		537		0.07		0.195		0.449		0.060		0.225		-0.165		4352				4%		0%		23%		10%		277%		121%		8%		96%		40%		18%

				2		24		1.3		39304		50309120						t24.f39304.s2		2		196		424		6690		30		132		7659		1489		0.19		0.175		0.426		0.072		0.211		-0.139		16623				2%		1%		15%		-2%		118%		32%		7%		90%		138%		8%

				2		36		2.0		39304		50309120						t36.f39304.s2		2		196		466		6084		61		150		7852		2149		0.08		0.172		0.421		0.073		0.208		-0.135		16961				0%		0%		19%		-6%		208%		36%		6%		96%		14%		8%

				2		24		1.3		78608		100618240						t24.f78608.s2		2		396		703		12170		38		243		15648		3048		0.11		0.170		0.419		0.062		0.202		-0.139		32248				-7%		0%		17%		-12%		82%		8%		12%		88%		0%		5%

				2		36		2.0		78608		100618240						t36.f78608.s2		2		396		784		11883		70		261		15595		4459		0.16		0.174		0.424		0.064		0.206		-0.143		33452				1%		2%		18%		-1%		157%		20%		4%		92%		60%		9%

						smt adjust												thread_factor		absolut runtimes [s], 200 steps

				sockets		threads		threads/core		blocks
Factor		grid
Points		vertices
Factor		measured
points		Haswell 
2 dimms		surfaceFeature
Extract		blockMesh		decompose
Par		snappyHex
Mesh		patch
Summary		potential
Foam		simple
Foam		reconstructParMesh		reconstructPar		Cm		Cd		Cl		Cl(f)		Cl(r)		total				snappy 
Speedup		simpleFoam
Speedup

				1		12		0.7		1000		1280000						t12.f1000		2		5		7		1304		3		7		581		25		0		0.16297		0.413953		0.079087		0.202514		-0.123427		1936				25%		59%

				1		18		1.0		1000		1280000						t18.f1000		2		5		7		1172		4		9		626		39		0		0.157658		0.412771		0.080387		0.197851		-0.117465		1865				34%		59%

				1		24		1.3		1000		1280000						t24.f1000		2		5		8		1128		6		11		566		45		0		0.159		0.420		0.087		0.202		-0.115		1772

				1		36		2.0		1000		1280000						t36.f1000		2		5		10		1086		12		18		700		78		0		0.165		0.422		0.068		0.199		-0.131		1912

																				2		5		7		1086		3		7		566		25		0												1772

				1		12		0.7		10000		12800000						t12.f10000		2		49		67		2143		5		28		1976		102		0		0.186355		0.436738		0.06		0.216355		-0.156355		4373				29%		69%

				1		18		1.0		10000		12800000						t18.f10000		2		49		74		1831		6		28		2026		143		0		0.19136		0.438579		0.063039		0.22288		-0.15984		4160				39%		67%

				1		24		1.3		10000		12800000						t24.f10000		2		48		82		1967		8		29		2094		184		0		0.189		0.441		0.056		0.217		-0.161		4414

				1		36		2.0		10000		12800000						t36.f10000		2		49		88		1701		13		38		2094		262		0		0.193		0.440		0.061		0.224		-0.162		4247

																				2		48		67		1701		5		28		1976		102		0												4160

				1		12		0.7		39304		50309120						t12.f39304		2		192		283		9960		12		126		8203		402		0		0.174		0.421801		0.06984		0.20892		-0.13908		19181				28%		69%

				1		18		1.0		39304		50309120						t18.f39304		2		192		340		8203		12		123		8423		570		0		0.174161		0.429065		0.07673		0.212525		-0.135796		17865				40%		77%

				1		24		1.3		39304		50309120						t24.f39304		2		192		355		8395		15		115		8871		734		0		0.178		0.435		0.069		0.213		-0.143		18679

				1		36		2.0		39304		50309120						t36.f39304		2		192		376		7443		20		138		8753		1059		0		0.182		0.433		0.057		0.211		-0.154		17985

																				2		192		283		7443		12		115		8203		402		0												17865

				1		12		0.7		78608		100618240						t12.f78608		2		396		486		18495		22		269		16129		862		0		0.171		0.418		0.059		0.201		-0.142		36664

				1		18		1.0		78608		100618240						t18.f78608		2		380		545		16241		20		238		17480		1180		0		0.172		0.420		0.061		0.203		-0.142		36087

				1		24		1.3		78608		100618240						t24.f78608		2		383		578		16516		24		264		18425		1535		0		0.173		0.424		0.057		0.201		-0.145		37728

				1		36		2.0		78608		100618240						t36.f78608		2		380		629		14380		30		261		18124		2198		0		0.175		0.425		0.065		0.208		-0.143		36006

																				2		380		486		14380		20		238		16129		862		0												36006

				2		12		0.7		1000		1280000						t12.f1000.s2		2		5		8		725		7		9		297		45		0		0.159		0.420		0.087		0.202		-0.115		1100

				2		18		1.0		1000		1280000						t18.f1000.s2		2		5		9		902		13		16		360		82		0		0.171		0.420		0.074		0.208		-0.134		1391

				2		24		1.3		1000		1280000						t24.f1000.s2		2		5		9		1461		23		27		529		142		0		0.175		0.428		0.087		0.219		-0.132		2199

				2		36		2.0		1000		1280000						t36.f1000.s2		2		5		10		930		51		58		386		141		0		0.172		0.422		0.057		0.201		-0.144		1585

																				2		5		8		725		7		9		297		45		0												1100

				2		12		0.7		10000		12800000						t12.f10000.s2		2		48		81		1229		8		18		1013		183		0		0.189		0.441		0.056		0.217		-0.161		2584

				2		18		1.0		10000		12800000						t18.f10000.s2		2		48		87		1030		14		26		1036		262		0		0.193		0.439		0.061		0.223		-0.162		2506

				2		24		1.3		10000		12800000						t24.f10000.s2		2		49		98		1065		23		38		1087		345		0		0.193		0.438		0.065		0.225		-0.160		2708

				2		36		2.0		10000		12800000						t36.f10000.s2		2		49		108		1022		52		67		1138		517		0		0.195		0.446		0.068		0.229		-0.161		2955

																				2		48		81		1022		8		18		1013		183		0												2506

				2		12		0.7		39304		50309120						t12.f39304.s2		2		193		353		5285		12		65		4083		746		0		0.182		0.432		0.062		0.213		-0.151		10739

				2		18		1.0		39304		50309120						t18.f39304.s2		2		191		371		4757		17		73		4250		1112		0		0.168		0.416		0.069		0.203		-0.133		10773

				2		24		1.3		39304		50309120						t24.f39304.s2		2		191		398		4640		26		86		4314		1414		0		0.170		0.419		0.063		0.201		-0.138		11073

				2		36		2.0		39304		50309120						t36.f39304.s2		2		191		433		4297		54		112		4481		2028		0		0.175		0.429		0.073		0.212		-0.139		11599

																				2		191		353		4297		12		65		4083		746		0												10739

				2		12		0.7		78608		100618240						t12.f78608.s2		2		383		572		10480		17		134		8118		1578		0		0.173		0.424		0.057		0.201		-0.145		21285

				2		18		1.0		78608		100618240						t18.f78608.s2		2		393		627		8868		23		134		8601		2191		0		0.175		0.425		0.065		0.208		-0.143		20840

				2		24		1.3		78608		100618240						t24.f78608.s2		2		393		664		8912		34		147		8958		2872		0		0.169		0.422		0.057		0.198		-0.140		21983

				2		36		2.0		78608		100618240						t36.f78608.s2		2		397		734		7799		63		177		8923		4273		0		0.170		0.416		0.057		0.199		-0.141		22369

																				2		383		572		7799		17		134		8118		1578		0												20840
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				no_write										12 threads										18 threads										24 threads										36 threads

		sockets		threads		blocks
Factor		vertices
Factor		grid
Points				snappyHex
Mesh				simple
Foam						snappyHex
Mesh				simple
Foam						snappyHex
Mesh				simple
Foam						snappyHex
Mesh				simple
Foam

										grid
Points				2dimms		3dimms		2dimms		3dimms				2dimms		3dimms		2dimms		3dimms														2dimms		3dimms		2dimms		3dimms

		1		18		1000				1280000				1304		1635		581		926				1172		1573		626		992		8%		1128		1382		566		839		-3%		1086		1328		700		834		20%

		1		18		10000				12800000				2143		2763		1976		3332				1831		2545		2026		3393		3%		1967		2442		2094		2956		6%		1701		2240		2094		3010		6%

		1		18		39304				50309120				9960		12736		8203		13847				8203		11482		8423		14876		3%		8395		10458		8871		12379		8%		7443				8753				7%

		1		18		78608				100618240				18495		23012		16129		20998				16241		20048		17480		23597		8%		16516				18425				14%		14380				18124				12%

		2		18		1000				1280000				725		892		297		451				902		750		360		444		21%		1461		1193		529		682		78%		930		1885		386		802		30%

		2		18		10000				12800000				1229		1587		1013		1762				1030		1422		1036		1808		2%		1065		1537		1087		1882		7%		1022		1567		1138		1948		12%

		2		18		39304				50309120				5285		6823		4083		7175				4757		6477		4250		7442		4%		4640		6690		4314		7659		6%		4297		6084		4481		7852		10%

		2		18		78608				100618240				10480		13813		8118		13957				8868		12044		8601		14959		6%		8912		12170		8958		15648		10%		7799		11883		8923		15595		10%



&C&A

&CSeite &P



		



2 dimms - 1 socket

3 dimms - 1 socket

2 dimms - 2 sockets

3 dimms - 2 sockets

cells

runtime [s]

Haswell: 2 vs 3 Dimms



		



12 threads

18 threads

24 threads

36 threads

Cells

runtime [s]

Haswell Thread Choices with 2 Sockets



		with tc_malloc														thread_factor		absolut runtimes [s] P8 – Intel

				threads		threads/core		blocks
Factor		grid
Points		vertices
Factor		measured
points		p8		surfaceFeature
Extract		blockMesh		decompose
Par		snappyHex
Mesh		patch
Summary		potential
Foam		simple
Foam		Cm		Cd		Cl		Cl(f)		Cl(r)		total

						20				1280

				20		1		64		81920		1				t10.f64		4		1		1		435		2		5		594		0.155		0.419		0.082		0.196		-0.114		1042

				40		2		64		81920		1				t20.f64		4		0		1		387		6		9		501		0.162		0.422		0.074		0.199		-0.125		910

				80		4		64		81920		1				t40.f64		4		1		2		709		17		22		1071		0.168		0.428		0.083		0.209		-0.126		1826

				120		6		64		81920						t60.f64		7		2		4		1561		39		43		824		0.165		0.426		0.079		0.204		-0.125		2481

				160		8		64		81920		1				t80.f64		4		1		3		2540		79		86		5783		0.161		0.424		0.070		0.196		-0.126		8496

		Best run 81920						64		81920				3244700				4		0		1		387		2		5		501												910

				20		1		1000		1280000		1				t10.f1000		4		6		11		640		2		6		874		0.163		0.418		0.080		0.203		-0.123		1543

				40		2		1000		1280000		1				t20.f1000		4		13		14		361		6		10		667		0.155		0.411		0.090		0.200		-0.111		1074

				80		4		1000		1280000		1				t40.f1000		4		6		19		909		17		29		1322		0.160		0.420		0.090		0.205		-0.115		2307

				120		6		1000		1280000						t60.f1000		8		6		20		1920		38		44		1221		0.161		0.418		0.080		0.201		-0.121		3257

				160		8		1000		1280000		1				t80.f1000		7		7		20		3248		74		90		5695		0.161		0.427		0.088		0.205		-0.117		9141

		Best run 1.28M						1000		1280000				3056264				4		6		11		361		2		6		667												1074

				20		1		10000		12800000		1				t10.f10000		4		59		87		525		2		13		1678		0.188		0.437		0.056		0.216		-0.160		2369

				40		2		10000		12800000		1				t20.f10000		4		59		104		468		7		16		1372		0.190		0.441		0.063		0.221		-0.159		2031

				80		4		10000		12800000		1				t40.f10000		5		59		121		540		17		31		1695		0.194		0.444		0.059		0.223		-0.164		2469

				120		6		10000		12800000		1				t60.f10000		5		67		141		800		42		61		3009		0.181		0.433		0.059		0.211		-0.152		4126

				160		8		10000		12800000						t80.f10000		4		61		158		2538		71		89		8025		0.185		0.433		0.058		0.214		-0.155		10947

		Best run 12.8M						10000		12800000				12821146				4		59		87		468		2		13		1372												2031

				20		1		39304		50309120		1				t10.f39304		4		230		385		2070		4		54		6699		0.179		0.438		0.069		0.213		-0.145		9446

				40		2		39304		50309120		1				t20.f39304		4		230		424		1924		9		54		5741		0.184		0.432		0.062		0.215		-0.153		8386

				80		4		39304		50309120		1				t40.f39304		4		239		480		1735		19		57		5883		0.176		0.430		0.072		0.211		-0.140		8417

				120		6		39304		50309120		1				t60.f39304		4		241		536		2747		43		78		7959		0.168		0.419		0.075		0.206		-0.131		11608

				160		8		39304		50309120		1				t80.f39304		4		233		573		4581		76		127		7836		0.176		0.426		0.071		0.211		-0.140		13432

		Best run 50M						39304		50309120				50482840				4		230		385		1735		4		54		5741												8386

				20		1		78608		100618240						t10.f78608		4		461		600		4541		7		132		14133		0.171		0.418		0.063		0.202		-0.139		19879

				40		2		78608		100618240						t20.f78608		4		470		697		4022		12		93		11054		0.172		0.418		0.057		0.201		-0.143		16353

				80		4		78608		100618240						t40.f78608		4		463		818		3928		25		98		11239		0.170		0.419		0.059		0.199		-0.140		16577

				120		6		78608		100618240						t60.f78608		4		468		919		4260		45		124		12088		0.174		0.422		0.060		0.204		-0.143		17907

				160		8		78608		100618240						t80.f78608		4		462		999		6970		80		171		13767		0.171		0.420		0.062		0.202		-0.141		22455

		Best run 100M						78608		100618240				101098455				4		461		600		3928		7		93		11054												16353

		DriveAer_36p4M		2 Nodes		40		2000 steps						smt opt

						t/c		simpleFoam

				40		1		9319.76

				80		2		7224.03

				120		3		8016.8

				160		4		7476.05

				200		5		12048.58

				240		6

				280		7

				320		8



&C&A

&CSeite &P



		Tuletta Runtimes Nodes														Speedup Nodes												scaling												Firestone 10 Core

		Grid Points		0.5 Nodes		1 Node		2 Nodes		3 Nodes		4 Nodes				0.5 Nodes		1 Node		2 Nodes		3 Nodes		4 Nodes				0.5 Nodes		1 Node		2 Nodes		3 Nodes		4 Nodes				0.5 nodes		1 Node		2 Nodes		4 Nodes		ratio to Tuleta						scaling 2:1

		Sockets		1		2		4		6		8				1		2		4		6		8				1		2		4		6		8				1		2		4		8		1		2		4

		Cores		10		20		40		60		80				10		20		40		60		80				10		20		40		60		80				10		20		40		80

		81920		978		501		311								1.0		2.0		3.1								1.00		0.98		0.79								966		580						0.99		1.16

		1280000		935		667		405		246		251				1.0		1.4		2.3		3.8		3.7				1.00		0.70		0.58		0.63		0.47				806		485		333				0.86		0.73		0.82		1.46

		12800000		2673		1372		650		458		356				1.0		1.9		4.1		5.8		7.5				1.00		0.97		1.03		0.97		0.94				3047		1532		768				1.14		1.12		1.18		1.99

		50309120		8962		5741		2615		1731		1338				1.0		1.6		3.4		5.2		6.7				1.00		0.78		0.86		0.86		0.84				12216		6583		3258				1.36		1.15		1.25		2.02

		100618240		18152		11054		5092		3469		2610				1.0		1.6		3.6		5.2		7.0				1.00		0.82		0.89		0.87		0.87				24671		13032		6626				1.36		1.18		1.30		1.97

																																																		1.15		1.24

		Kraja

		cores				24		48				96						IBM Haswell (24 cores)

		81920				714		347		1.12		182						875		23%

		1280000				611		342		0.85		272		1.08				727		19%

		12800000				2219		1148		1.77		575		1.61				824		-63%

		50309120				8935		4497		1.72		2321		1.74				2475		-72%

		100618240				18423		9057		1.78		4630		1.77

		FST full sweep see below

		Firestone 500 steps				cores/socket		10		3.49 GHz						thread_factor		absolut runtimes [s] P8 – Intel																												cmp tuleta

		sockets		threads		threads/core		blocks
Factor		grid
Points		Firestone		surfaceFeature
Extract		blockMesh		decompose
Par		snappyHex
Mesh		patch
Summary		potential
Foam		simple
Foam		reconstructParMesh		reconstructPar		Cm		Cd		Cl		Cl(f)		Cl(r)		total				snappy		simpleFoam

		1		40		4		64		8.19E+04		t40.f64		5		1		1		700		1		5		966		110		0		0.161		0.420		0.091		0.207		-0.116		1790				14%		-3%

		1		40		4		1000		1.28E+06		t40.f1000		4		6		13		581		1		4		843		99		0		0.162		0.421		0.089		0.206		-0.117		1552				1%		-10%

		1		40		4		10000		1.28E+07		t40.f10000		4		61		103		844		2		20		3048		395		0		0.190		0.442		0.063		0.222		-0.158		4478				12%		14%

		1		40		4		39304		5.03E+07		t40.f39304		4		240		433		3427		4		86		12406		1583		0		0.172		0.432		0.078		0.211		-0.133		18184				15%		38%

		1		40		4		78608		1.01E+08		t40.f78608		4		482		711		8008		8		198		25164		3156		0		0.171		0.418		0.065		0.203		-0.139		37732				34%		39%

		2		40		2		64		8.19E+04		t20.f64.s2		4		0		1		419		2		4		589		112		0		0.162		0.419		0.074		0.199		-0.125		1131				8%		18%

		2		80		4		64		8.19E+04		t40.f64.s2		4		0		1		539		2		3		580		215		0		0.166		0.432		0.072		0.202		-0.131		1347				-24%		-46%

		2		40		2		1000		1.28E+06		t20.f1000.s2		4		6		13		427		2		4		542		99		0		0.160		0.420		0.075		0.197		-0.123		1097				18%		-19%

		2		80		4		1000		1.28E+06		t40.f1000.s2		4		6		16		517		2		4		633		229		0		0.167		0.421		0.086		0.210		-0.124		1413				-43%		-52%

		2		40		2		10000		1.28E+07		t20.f10000.s2		4		61		105		523		2		15		1551		396		0		0.190		0.442		0.063		0.222		-0.158		2657				12%		13%

		2		80		4		10000		1.28E+07		t40.f10000.s2		4		61		122		569		3		14		1546		766		0		0.195		0.441		0.065		0.227		-0.162		3087				5%		-9%

		2		40		2		39304		5.03E+07		t20.f39304.s2		4		240		433		2225		3		68		6696		1574		0		0.179		0.428		0.069		0.214		-0.145		11243				16%		17%

		2		80		4		39304		5.03E+07		t40.f39304.s2		4		240		487		2000		4		55		6579		3029		0		0.174		0.424		0.071		0.210		-0.139		12399				15%		12%

		2		40		2		78608		1.01E+08		t20.f78608.s2		4		481		711		4959		6		128		13936		3170		0		0.173		0.422		0.066		0.206		-0.141		23395				23%		26%

		2		80		4		78608		1.01E+08		t40.f78608.s2		4		482		831		4533		6		119		13210		6045		0		0.173		0.421		0.064		0.205		-0.141		25229				15%		18%

		Firestone 500 steps				cores/socket		8		3.86 GHz						thread_factor		absolut runtimes [s] P8 – Intel

		sockets		threads		threads/core		blocks
Factor		grid
Points		Firestone		surfaceFeature
Extract		blockMesh		decompose
Par		snappyHex
Mesh		patch
Summary		potential
Foam		simple
Foam		reconstructParMesh		reconstructPar		Cm		Cd		Cl		Cl(f)		Cl(r)		total

		1		32		4		64		8.19E+04		t32.f64		4		0		1		688		3		6		1020		83		0		0.167		0.429		0.078		0.207		-0.128		1806

		1		32		4		1000		1.28E+06		t32.f1000		4		6		11		729		3		6		887		74		0		0.169		0.421		0.067		0.203		-0.136		1719

		1		32		4		10000		1.28E+07		t32.f10000		4		56		87		891		3		24		3127		298		0		0.195		0.441		0.069		0.230		-0.161		4491

		1		8		1		39304		5.03E+07		t08.f39304		4		218		249		4378		6		155		15640		377		0		0.169		0.423		0.079		0.209		-0.130		21026

		1		16		2		39304		5.03E+07		t16.f39304		4		218		329		3884		5		114		13734		634		0		0.179		0.432		0.063		0.210		-0.148		18921

		1		24		3		39304		5.03E+07		t24.f39304		4		218		363		4143		6		110		13893		900		0		0.173		0.419		0.065		0.206		-0.141		19636

		1		32		4		39304		5.03E+07		t32.f39304		4		218		368		3714		6		104		13004		1181		0		0.171		0.420		0.063		0.202		-0.139		18599

		1		40		5		39304		5.03E+07		t40.f39304		4		217		398		4192		8		99		13052		1429		0		0.176		0.434		0.077		0.215		-0.137		19398

		1		48		6		39304		5.03E+07		t48.f39304		4		220		412		3900		9		100		12564		1699		0		0.174		0.433		0.082		0.215		-0.133		18906

		1		56		7		39304		5.03E+07		t56.f39304		4		218		423		4309		11		95		12832		1951		0		0.176		0.424		0.069		0.211		-0.142		19844

		1		64		8		39304		5.03E+07		t64.f39304		4		217		422		3974		14		97		12625		2211		0		0.175		0.431		0.069		0.209		-0.140		19564

		1		32		4		78608		1.01E+08		t32.f78608		4		436		610		7997		10		217		25118		2372		0		0.171		0.421		0.067		0.205		-0.138		36765

		2		32		2		64		8.19E+04		t16.f64.s2		4		0		1		385		4		6		646		84		0		0.163		0.423		0.080		0.203		-0.123		1129

		2		64		4		64		8.19E+04		t32.f64.s2		4		0		1		434		9		12		614		158		0		0.163		0.425		0.081		0.203		-0.123		1233

		2		32		2		1000		1.28E+06		t16.f1000.s2		4		6		11		639		3		6		885		116		0		0.172		0.424		0.068		0.206		-0.138		1670

		2		64		4		1000		1.28E+06		t32.f1000.s2		4		6		13		824		10		13		885		229		0		0.156		0.413		0.099		0.206		-0.106		1984

		2		32		2		10000		1.28E+07		t16.f10000.s2		4		56		88		586		3		22		1609		299		0		0.201		0.448		0.059		0.230		-0.171		2666

		2		64		4		10000		1.28E+07		t32.f10000.s2		4		56		105		587		11		25		1562		567		0		0.187		0.437		0.069		0.221		-0.152		2917

		2		16		1		39304		5.03E+07		t08.f39304.s2		4		218		328		2614		3		83		8210		649		0		0.175		0.421		0.061		0.205		-0.144		12109

		2		32		2		39304		5.03E+07		t16.f39304.s2		4		218		368		2454		5		80		6941		1174		0		0.181		0.426		0.056		0.209		-0.154		11244

		2		48		3		39304		5.03E+07		t24.f39304.s2		4		218		411		2549		8		78		7010		1710		0		0.180		0.434		0.056		0.208		-0.152		11986

		2		64		4		39304		5.03E+07		t32.f39304.s2		4		218		422		2385		12		80		6626		2247		0		0.173		0.429		0.068		0.207		-0.139		11994

		2		80		5		39304		5.03E+07		t40.f39304.s2		4		218		448		2636		18		87		6887		2772		0		0.171		0.418		0.064		0.204		-0.139		13071

		2		96		6		39304		5.03E+07		t48.f39304.s2		4		218		458		2773		24		100		6741		3322		0		0.177		0.426		0.067		0.211		-0.144		13640

		2		112		7		39304		5.03E+07		t56.f39304.s2		4		217		475		2948		33		86		6949		3800		0		0.177		0.432		0.068		0.211		-0.143		14512

		2		128		8		39304		5.03E+07		t64.f39304.s2		4		218		487		3293		43		97		7029		4326		0		0.177		0.423		0.059		0.207		-0.148		15498

		2		32		2		78608		1.01E+08		t16.f78608.s2		4		437		610		5321		8		161		14195		2397		0		0.171		0.421		0.068		0.205		-0.137		23132

		2		64		4		78608		1.01E+08		t32.f78608.s2		4		436		715		4551		14		160		13637		4496		0		0.170		0.416		0.061		0.200		-0.139		24014

		Haswell 500 steps 2 dimms				cores/socket		18		2.3 GHz						thread_factor		absolut runtimes [s] P8 – Intel

		sockets		threads		threads/core		blocks
Factor		grid
Points		Haswell		surfaceFeature
Extract		blockMesh		decompose
Par		snappyHex
Mesh		patch
Summary		potential
Foam		simple
Foam		reconstructParMesh		reconstructPar		Cm		Cd		Cl		Cl(f)		Cl(r)		total

		1		12		1		1000				t12.f1000		2		5		7		1307		3		7		1433		25		0		0.162		0.420		0.094		0.209		-0.115		2790				0.5313365188

		1		18		1		1000				t18.f1000		2		5		8		1164		4		9		1552		39		0		0.156		0.407		0.091		0.201		-0.110		2784

		1		12		1		10000				t12.f10000		2		48		67		2153		5		28		4854		102		0		0.192		0.443		0.059		0.222		-0.162		7259				0.8157268653

		1		18		1		10000				t18.f10000		2		49		76		1824		6		28		4996		144		0		0.191		0.439		0.057		0.219		-0.162		7126

		1		12		1		39304				t12.f39304		2		192		279		9960		12		136		20267		400		0		0.174		0.424		0.063		0.206		-0.143		31249				1.261263915

		1		18		1		39304				t18.f39304		2		195		331		8152		12		125		21130		573		0		0.168		0.418		0.075		0.205		-0.131		30521

		1		12		1		78608				t12.f78608		2		395		489		18562		23		270		39832		846		0		0.170		0.416		0.061		0.201		-0.139		60421				1.1943695523

		1		18		1		78608				t18.f78608		2		389		562		15997		20		238		43351		1209		0		0.168		0.416		0.063		0.200		-0.137		61768

		2		24		1		64				t12.f64.s2		2		0		1		937		7		10		875		53		0		0.161		0.424		0.079		0.201		-0.122		1886

		2		36		1		64				t18.f64.s2

		2		24		1		1000				t12.f1000.s2		2		5		8		727		7		9		727		45		0		0.160		0.418		0.093		0.207		-0.113		1530

		2		36		1		1000				t18.f1000.s2		2		5		9		768		13		17		824		73		0		0.167		0.412		0.062		0.198		-0.136		1711

		2		24		1		10000				t12.f10000.s2		2		49		81		1236		7		18		2475		185		0		0.189		0.441		0.056		0.217		-0.160		4055

		2		36		1		10000				t18.f10000.s2		2		48		87		1044		14		26		2529		263		0		0.192		0.439		0.060		0.222		-0.162		4014

		2		24		1		39304				t12.f39304.s2		2		192		346		5269		12		62		10034		746		0		0.180		0.428		0.069		0.214		-0.145		16664

		2		36		1		39304				t18.f39304.s2		2		192		371		4611		18		70		10550		1063		0		0.172		0.420		0.069		0.207		-0.137		16877

		2		24		1		78608				t12.f78608.s2		2		394		587		10513		18		135		20498		1593		0		0.168		0.419		0.060		0.198		-0.138		33742

		2		36		1		78608				t18.f78608.s2		2		392		638		8867		22		146		21406		2184		0		0.173		0.422		0.065		0.206		-0.141		33660

		Firestone 500 steps				cores/socket		10		3.49 GHz						thread_factor		absolut runtimes [s] P8 – Intel																												cmp best

		sockets		threads		threads/core		blocks
Factor		grid
Points		Firestone		surfaceFeature
Extract		blockMesh		decompose
Par		snappyHex
Mesh		patch
Summary		potential
Foam		simple
Foam		reconstructParMesh		reconstructPar		Cm		Cd		Cl		Cl(f)		Cl(r)		total				snappy		simpleFoam		total

												1		socket

												1.28M		cells

		1		10		1		1000		1.28E+06		t10.f1000.s1		4		7		10		529		2		7		1009		29		0.080		0.159		0.410		0.086		0.202		-0.115		1597				0%		25%		3%

		1		20		2		1000		1.28E+06		t20.f1000.s1		4		7		12		969		3		8		1488		86		0.090		0.163		0.418		0.080		0.203		-0.123		2577				83%		85%		66%

		1		30		3		1000		1.28E+06		t30.f1000.s1		4		7		14		601		4		7		925		81		0.100		0.161		0.410		0.066		0.194		-0.128		1644				14%		15%		6%

		1		40		4		1000		1.28E+06		t40.f1000.s1		4		7		15		555		5		9		853		101		0.110		0.155		0.419		0.101		0.205		-0.105		1549				5%		6%		0%

		1		50		5		1000		1.28E+06		t50.f1000.s1		4		7		16		645		8		11		806		123		0.120		0.165		0.425		0.079		0.205		-0.126		1621				22%		0%		5%

		1		60		6		1000		1.28E+06		t60.f1000.s1		4		7		17		1037		9		13		1177		201		0.120		0.162		0.424		0.068		0.196		-0.128		2467				96%		46%		59%

		1		70		7		1000		1.28E+06		t70.f1000.s1		4		7		18		1551		11		18		1585		306		0.150		0.158		0.422		0.090		0.203		-0.113		3501				193%		97%		126%

		1		80		8		1000		1.28E+06		t80.f1000.s1		4		7		18		1331		13		16		1114		236		0.150		0.171		0.427		0.067		0.204		-0.137		2741				152%		38%		77%

		1						1000		1.28E+06				4		7		10		529		2		7		806		29		0												1549

		1		10		1		10000		1.28E+07		t10.f10000.s1		4		64		84		975		3		27		3582		118		0.090		0.193		0.447		0.059		0.223		-0.164		4858				28%		18%		10%

		1		20		2		10000		1.28E+07		t20.f10000.s1		4		64		98		829		3		22		3221		215		0.090		0.188		0.437		0.056		0.216		-0.160		4457				9%		6%		1%

		1		30		3		10000		1.28E+07		t30.f10000.s1		4		64		108		759		4		21		3148		310		0.100		0.191		0.440		0.060		0.220		-0.161		4420				0%		3%		0%

		1		40		4		10000		1.28E+07		t40.f10000.s1		4		64		117		803		6		21		3047		405		0.110		0.190		0.441		0.063		0.221		-0.159		4468				6%		0%		1%

		1		50		5		10000		1.28E+07		t50.f10000.s1		4		64		127		873		8		24		3171		504		0.120		0.192		0.444		0.057		0.221		-0.164		4775				15%		4%		8%

		1		60		6		10000		1.28E+07		t60.f10000.s1		4		64		133		895		9		25		3062		603		0.120		0.188		0.436		0.058		0.217		-0.159		4795				18%		0%		8%

		1		70		7		10000		1.28E+07		t70.f10000.s1		4		64		141		999		12		29		3208		694		0.140		0.193		0.438		0.068		0.227		-0.158		5152				32%		5%		17%

		1		80		8		10000		1.28E+07		t80.f10000.s1		4		64		140		1045		13		27		3187		795		0.140		0.201		0.446		0.070		0.236		-0.167		5275				38%		5%		19%

		1						10000		1.28E+07				4		64		84		759		3		21		3047		118		0												4420

		1		10		1		39304		5.03E+07		t10.f39304.s1		4		248		318		3854		7		115		15499		460		0.090		0.170		0.418		0.073		0.207		-0.134		20506				18%		27%		12%

		1		20		2		39304		5.03E+07		t20.f39304.s1		4		249		421		3632		6		94		13226		842		0.090		0.178		0.433		0.071		0.214		-0.143		18477				11%		8%		1%

		1		30		3		39304		5.03E+07		t30.f39304.s1		4		249		428		3556		7		92		12941		1224		0.090		0.178		0.427		0.054		0.205		-0.151		18502				9%		6%		1%

		1		40		4		39304		5.03E+07		t40.f39304.s1		4		248		475		3265		9		82		12635		1598		0.140		0.178		0.432		0.058		0.207		-0.149		18316				0%		3%		0%

		1		50		5		39304		5.03E+07		t50.f39304.s1		4		248		498		3703		11		83		12909		1974		0.130		0.170		0.422		0.073		0.207		-0.134		19432				13%		6%		6%

		1		60		6		39304		5.03E+07		t60.f39304.s1		4		249		519		3415		12		75		12216		2350		0.140		0.170		0.419		0.077		0.209		-0.131		18842				5%		0%		3%

		1		70		7		39304		5.03E+07		t70.f39304.s1		4		248		546		3803		16		89		12848		2725		0.190		0.166		0.423		0.063		0.198		-0.135		20280				16%		5%		11%

		1		80		8		39304		5.03E+07		t80.f39304.s1		4		249		563		3866		12		81		12468		3134		0.140		0.172		0.427		0.073		0.209		-0.136		20379				18%		2%		11%

		1						39304		5.03E+07				4		248		318		3265		6		75		12216		460		0												18316

		1		10		1		58956		7.55E+07		t10.f58956.s1		4		374		424		6793		9		180		21995		689		0.090		0.172		0.420		0.055		0.199		-0.144		30468				26%		21%		11%

		1		20		2		58956		7.55E+07		t20.f58956.s1		4		376		500		5858		8		134		19638		1270		0.110		0.179		0.425		0.052		0.205		-0.153		27789				9%		8%		2%

		1		30		3		58956		7.55E+07		t30.f58956.s1		4		376		547		5910		10		135		18969		1825		0.130		0.169		0.411		0.047		0.192		-0.145		27777				9%		5%		1%

		1		40		4		58956		7.55E+07		t40.f58956.s1		4		374		602		5398		12		123		18475		2378		0.140		0.169		0.416		0.057		0.197		-0.140		27367				0%		2%		0%

		1		50		5		58956		7.55E+07		t50.f58956.s1		4		374		638		5874		13		119		18823		2956		0.170		0.168		0.412		0.053		0.195		-0.141		28803				9%		4%		5%

		1		60		6		58956		7.55E+07		t60.f58956.s1		4		376		668		5462		14		132		18127		3514		0.150		0.173		0.420		0.050		0.198		-0.147		28298				1%		0%		3%

		1		70		7		58956		7.55E+07		t70.f58956.s1		4		374		699		6319		18		121		19086		4094		0.220		0.175		0.418		0.043		0.196		-0.153		30716				17%		5%		12%

		1		80		8		58956		7.55E+07		t80.f58956.s1		4		376		729		6191		15		120		18605		4714		0.150		0.173		0.424		0.057		0.202		-0.145		30754				15%		3%		12%

		1						58956		7.55E+07				4		374		424		5398		8		119		18127		689		0												27367

		1		10		1		78608		1.01E+08		t10.f78608.s1		4		498		556		8677		12		223		30060		929		0.140		0.170		0.418		0.061		0.201		-0.140		40958				25%		22%		13%

		1		20		2		78608		1.01E+08		t20.f78608.s1		4		500		656		7116		10		206		26473		1690		0.130		0.171		0.418		0.063		0.202		-0.139		36657				2%		7%		1%

		1		30		3		78608		1.01E+08		t30.f78608.s1		4		501		718		7582		12		182		25902		2451		0.120		0.173		0.418		0.062		0.204		-0.141		37351				9%		5%		3%

		1		40		4		78608		1.01E+08		t40.f78608.s1		4		498		778		6982		13		158		24671		3204		0.110		0.169		0.415		0.061		0.200		-0.139		36310				0%		0%		0%

		1		50		5		78608		1.01E+08		t50.f78608.s1		4		499		835		8442		15		169		25451		3974		0.120		0.172		0.420		0.059		0.201		-0.142		39390				21%		3%		8%

		1		60		6		78608		1.01E+08		t60.f78608.s1		4		500		870		6948		17		141		24737		4736		0.160		0.172		0.422		0.061		0.203		-0.142		37955				0%		0%		5%

		1		70		7		78608		1.01E+08		t70.f78608.s1		4		498		919		8023		22		161		25397		5485		0.170		0.173		0.420		0.062		0.204		-0.142		40511				15%		3%		12%

		1		80		8		78608		1.01E+08		t80.f78608.s1		4		501		957		7818		19		150		25343		6284		0.170		0.170		0.417		0.064		0.202		-0.138		41077				13%		3%		13%

		1						78608		1.01E+08				4		498		556		6948		10		141		24671		929		0												36310

		2		20		1		1000		1.28E+06		t10.f1000.s2		4		7		12		645		3		7		979		85		0.090		0.163		0.418		0.080		0.203		-0.123		1744				93%		102%		81%

		2		40		2		1000		1.28E+06		t20.f1000.s2		4		7		14		335		6		8		485		105		0.110		0.158		0.421		0.094		0.205		-0.111		965				0%		0%		0%

		2		60		3		1000		1.28E+06		t30.f1000.s2		4		7		16		512		11		13		623		179		0.120		0.159		0.413		0.091		0.205		-0.114		1367				53%		28%		42%

		2		80		4		1000		1.28E+06		t40.f1000.s2		4		7		18		602		16		20		597		223		0.140		0.160		0.411		0.084		0.201		-0.118		1487				80%		23%		54%

		2		100		5		1000		1.28E+06		t50.f1000.s2		4		7		20		946		27		30		809		318		0.170		0.164		0.413		0.069		0.199		-0.130		2161				182%		67%		124%

		2		120		6		1000		1.28E+06		t60.f1000.s2		4		7		21		825		37		40		571		282		0.170		0.164		0.416		0.067		0.197		-0.131		1788				146%		18%		85%

		2		140		7		1000		1.28E+06		t70.f1000.s2		4		7		22		1079		50		56		779		397		0.200		0.157		0.413		0.090		0.203		-0.112		2394				222%		61%		148%

		2		160		8		1000		1.28E+06		t80.f1000.s2		4		7		20		2969		60		68		959		573		0.210		0.162		0.408		0.075		0.199		-0.124		4661				786%		98%		383%

		2						1000		1.28E+06				4		7		12		335		3		7		485		85		0												965

		2		20		1		10000		1.28E+07		t10.f10000.s2		4		64		98		554		4		16		1719		214		0.090		0.188		0.437		0.056		0.216		-0.160		2672				18%		12%		2%

		2		40		2		10000		1.28E+07		t20.f10000.s2		4		64		118		471		6		15		1532		406		0.110		0.190		0.442		0.062		0.221		-0.158		2617				0%		0%		0%

		2		60		3		10000		1.28E+07		t30.f10000.s2		4		64		133		526		11		21		1570		601		0.120		0.189		0.439		0.066		0.222		-0.156		2930				12%		3%		12%

		2		80		4		10000		1.28E+07		t40.f10000.s2		4		63		139		510		18		27		1572		791		0.150		0.199		0.448		0.066		0.231		-0.166		3126				8%		3%		19%

		2		100		5		10000		1.28E+07		t50.f10000.s2		4		63		151		668		27		36		1657		976		0.180		0.195		0.448		0.053		0.222		-0.169		3584				42%		8%		37%

		2		120		6		10000		1.28E+07		t60.f10000.s2		4		64		161		731		36		46		1660		1175		0.170		0.190		0.442		0.058		0.219		-0.161		3878				55%		8%		48%

		2		140		7		10000		1.28E+07		t70.f10000.s2		4		64		172		938		49		64		1760		1358		0.200		0.183		0.430		0.055		0.211		-0.156		4410				99%		15%		69%

		2		160		8		10000		1.28E+07		t80.f10000.s2		4		64		181		1216		60		70		1826		1563		0.210		0.181		0.427		0.063		0.213		-0.150		4985				158%		19%		91%

		2						10000		1.28E+07				4		63		98		471		4		15		1532		214		0												2617

		2		20		1		39304		5.03E+07		t10.f39304.s2		4		248		419		2300		5		59		7655		841		0.100		0.180		0.429		0.063		0.212		-0.149		11533				23%		16%		5%

		2		40		2		39304		5.03E+07		t20.f39304.s2		4		249		477		1981		8		51		6618		1608		0.110		0.169		0.423		0.073		0.206		-0.133		10998				6%		1%		0%

		2		60		3		39304		5.03E+07		t30.f39304.s2		4		249		520		2090		13		51		6636		2356		0.130		0.185		0.441		0.065		0.218		-0.153		11921				12%		1%		8%

		2		80		4		39304		5.03E+07		t40.f39304.s2		4		248		565		1862		20		55		6583		3111		0.160		0.183		0.441		0.053		0.210		-0.156		12450				0%		0%		13%

		2		100		5		39304		5.03E+07		t50.f39304.s2		4		248		599		2294		28		66		6795		3869		0.170		0.176		0.426		0.053		0.203		-0.150		13904				23%		3%		26%

		2		120		6		39304		5.03E+07		t60.f39304.s2		4		249		620		2271		38		74		6673		4629		0.180		0.169		0.418		0.073		0.206		-0.132		14560				22%		1%		32%

		2		140		7		39304		5.03E+07		t70.f39304.s2		4		248		651		2699		56		91		7381		5355		0.190		0.180		0.431		0.063		0.211		-0.148		16486				45%		12%		50%

		2		160		8		39304		5.03E+07		t80.f39304.s2		4		250		678		3180		59		89		7053		6162		0.230		0.174		0.422		0.075		0.211		-0.136		17475				71%		7%		59%

		2						39304		5.03E+07				4		248		419		1862		5		51		6583		841		0												10998

		2		20		1		58956		7.55E+07		t10.f58956.s2		4		373		497		3903		7		103		11711		1262		0.100		0.179		0.425		0.052		0.205		-0.153		17862				22%		22%		6%

		2		40		2		58956		7.55E+07		t20.f58956.s2		4		375		607		3300		9		86		10061		2404		0.110		0.173		0.415		0.050		0.198		-0.148		16847				3%		4%		0%

		2		60		3		58956		7.55E+07		t30.f58956.s2		4		375		667		3386		14		76		10028		3540		0.130		0.174		0.416		0.055		0.201		-0.146		18091				6%		4%		7%

		2		80		4		58956		7.55E+07		t40.f58956.s2		4		374		727		3198		21		73		9632		4656		0.150		0.170		0.417		0.056		0.198		-0.142		18685				0%		0%		11%

		2		100		5		58956		7.55E+07		t50.f58956.s2		4		374		785		3667		30		85		9928		5795		0.160		0.169		0.414		0.055		0.196		-0.141		20669				15%		3%		23%

		2		120		6		58956		7.55E+07		t60.f58956.s2		4		376		832		3578		39		91		9751		6945		0.180		0.178		0.431		0.053		0.205		-0.152		21616				12%		1%		28%

		2		140		7		58956		7.55E+07		t70.f58956.s2		4		374		874		4393		56		112		10561		8064		0.250		0.172		0.415		0.042		0.193		-0.151		24439				37%		10%		45%

		2		160		8		58956		7.55E+07		t80.f58956.s2		4		384		917		4783		63		79		10457		9206		0.250		0.172		0.415		0.047		0.195		-0.148		25894				50%		9%		54%

		2						58956		7.55E+07				4		373		497		3198		7		73		9632		1262		0												16847

		2		20		1		78608		1.01E+08		allrun.log.t10.f78608.s2		n/a																																-100%		-100%		-100%

		2		40		2		78608		1.01E+08		t20.f78608.s2		4		500		783		4196		10		107		13918		3231		0.120		0.173		0.423		0.062		0.204		-0.143		22749				4%		7%		0%

		2		60		3		78608		1.01E+08		t30.f78608.s2		4		500		870		4056		16		105		13885		4744		0.130		0.169		0.419		0.066		0.202		-0.136		24181				0%		7%		6%

		2		80		4		78608		1.01E+08		t40.f78608.s2		4		498		954		4052		22		98		13032		6238		0.180		0.173		0.422		0.062		0.204		-0.142		24899				0%		0%		9%

		2		100		5		78608		1.01E+08		t50.f78608.s2		4		499		1030		4755		31		109		13589		7703		0.220		0.174		0.425		0.064		0.206		-0.142		27722				17%		4%		22%

		2		120		6		78608		1.01E+08		t60.f78608.s2		4		501		1104		4491		42		110		13199		9308		0.180		0.170		0.416		0.063		0.201		-0.138		28760				11%		1%		26%

		2		140		7		78608		1.01E+08		t70.f78608.s2		4		497		1161		5441		52		131		13831		10766		0.200		0.174		0.424		0.068		0.208		-0.140		31885				34%		6%		40%

		2		160		8		78608		1.01E+08		t80.f78608.s2		4		501		1235		5477		66		141		13878		12385		0.310		0.171		0.417		0.061		0.202		-0.141		33689				35%		6%		48%

		2						78608		1.01E+08				4		497		783		4052		10		98		13032		3231		0												22749

		4		40		1		1000		1.28E+06		t10.f1000.s4		4		7		14		226		4		5		333		105		0.100		0.161		0.423		0.086		0.204		-0.118		699				0%		0%		0%

		4		80		2		1000		1.28E+06		t20.f1000.s4		4		7		18		378		7		9		375		243		0.180		0.165		0.413		0.077		0.203		-0.127		1041				67%		13%		49%

		4		120		3		1000		1.28E+06		t30.f1000.s4																																		-100%		-100%		-100%

		4		160		4		1000		1.28E+06		t40.f1000.s4		4		7		20		784		20		23		379		476		0.210		0.166		0.410		0.074		0.203		-0.129		1715				247%		14%		145%

		4		200		5		1000		1.28E+06		t50.f1000.s4		4		7		23		1424		30		32		404		558		0.240		0.173		0.417		0.077		0.211		-0.134		2483				530%		21%		255%

		4		240		6		1000		1.28E+06		t60.f1000.s4		4		7		25		1884		40		45		460		625		0.280		0.161		0.421		0.063		0.193		-0.130		3091				734%		38%		342%

		4		280		7		1000		1.28E+06		t70.f1000.s4		4		7		27		6454		54		58		621		981		0.310		0.164		0.418		0.070		0.199		-0.129		8207				2755%		87%		1074%

		4		320		8		1000		1.28E+06		t80.f1000.s4		4		7		29		5940		66		73		641		952		0.340		0.161		0.418		0.100		0.211		-0.111		7713				2528%		93%		1003%

		4						1000		1.28E+06				4		7		14		226		4		5		333		105		0												699

		4		40		1		10000		1.28E+07		t10.f10000.s4		4		64		118		321		4		10		847		408		0.110		0.190		0.442		0.063		0.221		-0.159		1777				0%		10%		0%

		4		80		2		10000		1.28E+07		t20.f10000.s4		4		64		140		323		8		12		768		793		0.140		0.195		0.453		0.042		0.216		-0.174		2113				0%		0%		19%

		4		120		3		10000		1.28E+07		t30.f10000.s4		4		64		162		413		14		18		805		1173		0.180		0.194		0.452		0.057		0.222		-0.165		2654				29%		5%		49%

		4		160		4		10000		1.28E+07		t40.f10000.s4		4		64		181		492		21		25		811		1562		0.210		0.194		0.439		0.069		0.228		-0.159		3161				53%		6%		78%

		4		200		5		10000		1.28E+07		t50.f10000.s4		4		64		195		819		30		36		888		1941		0.250		0.189		0.438		0.057		0.218		-0.161		3977				155%		16%		124%

		4		240		6		10000		1.28E+07		t60.f10000.s4		4		64		209		1100		42		49		934		2329		0.270		0.193		0.442		0.069		0.228		-0.159		4731				243%		22%		166%

		4		280		7		10000		1.28E+07		t70.f10000.s4		4		64		227		2075		53		63		1063		2714		0.350		0.196		0.451		0.057		0.225		-0.168		6264				546%		38%		253%

		4		320		8		10000		1.28E+07		t80.f10000.s4		4		64		158		3128		68		77		1805		3111		0.350		0.186		0.433		0.061		0.217		-0.156		8416				874%		135%		374%

		4						10000		1.28E+07				4		64		118		321		4		10		768		408		0												1777

		4		40		1		39304		5.03E+07		t10.f39304.s4		4		249		476		1313		7		32		3711		1610		0.110		0.176		0.435		0.071		0.212		-0.141		7403				13%		14%		0%

		4		80		2		39304		5.03E+07		t20.f39304.s4		4		250		561		1162		9		31		3258		3123		0.140		0.181		0.425		0.063		0.212		-0.150		8399				0%		0%		13%

		4		120		3		39304		5.03E+07		t30.f39304.s4		4		250		621		1305		15		35		3383		4633		0.190		0.183		0.439		0.061		0.214		-0.152		10248				12%		4%		38%

		4		160		4		39304		5.03E+07		t40.f39304.s4		4		249		680		1402		22		40		3292		6159		0.250		0.171		0.422		0.074		0.208		-0.134		11850				21%		1%		60%

		4		200		5		39304		5.03E+07		t50.f39304.s4		4		250		749		2018		31		49		3530		7691		0.240		0.175		0.420		0.058		0.204		-0.146		14324				74%		8%		93%

		4		240		6		39304		5.03E+07		t60.f39304.s4		4		250		808		2683		41		64		3566		9222		0.300		0.175		0.425		0.068		0.209		-0.141		16638				131%		9%		125%

		4		280		7		39304		5.03E+07		t70.f39304.s4		4		249		858		4219		56		78		4918		10697		0.310		0.168		0.421		0.067		0.202		-0.135		21081				263%		51%		185%

		4		320		8		39304		5.03E+07		t80.f39304.s4		4		250		885		6152		74		94		5769		12258		0.340		0.177		0.428		0.061		0.207		-0.146		25486				430%		77%		244%

		4						39304		5.03E+07				4		249		476		1162		7		31		3258		1610		0												7403

		4		40		1		58956		7.55E+07		t10.f58956.s4		4		376		604		2130		8		57		5644		2405		0.110		0.172		0.419		0.054		0.199		-0.144		11229				10%		14%		0%

		4		80		2		58956		7.55E+07		t20.f58956.s4		4		376		728		1928		12		46		4947		4670		0.160		0.176		0.422		0.054		0.204		-0.149		12712				0%		0%		13%

		4		120		3		58956		7.55E+07		t30.f58956.s4		4		376		830		2059		16		47		4978		6942		0.190		0.172		0.419		0.045		0.194		-0.149		15254				7%		1%		36%

		4		160		4		58956		7.55E+07		t40.f58956.s4		4		376		917		2158		23		51		4960		9239		0.270		0.176		0.426		0.048		0.200		-0.152		17729				12%		0%		58%

		4		200		5		58956		7.55E+07		t50.f58956.s4		4		376		1005		3207		33		63		5179		11501		0.410		0.169		0.415		0.052		0.195		-0.143		21368				66%		5%		90%

		4		240		6		58956		7.55E+07		t60.f58956.s4		4		376		1076		3463		42		71		5164		13768		0.390		0.172		0.419		0.057		0.200		-0.143		23965				80%		4%		113%

		4		280		7		58956		7.55E+07		t70.f58956.s4		4		376		1154		5774		60		88		5386		16024		0.430		0.174		0.424		0.048		0.199		-0.150		28866				199%		9%		157%

		4		320		8		58956		7.55E+07		t80.f58956.s4		4		375		1247		8063		73		105		7342		18322		0.460		0.171		0.416		0.051		0.196		-0.145		35534				318%		48%		216%

		4						58956		7.55E+07				4		375		604		1928		8		46		4947		2405		0												11229

		4		40		1		78608		1.01E+08		t10.f78608.s4		4		501		781		3041		10		78		7856		3216		0.140		0.170		0.418		0.062		0.201		-0.140		15488				18%		19%		0%

		4		80		2		78608		1.01E+08		t20.f78608.s4		4		501		958		2735		12		59		6709		6265		0.410		0.171		0.419		0.062		0.202		-0.140		17243				7%		1%		11%

		4		120		3		78608		1.01E+08		t30.f78608.s4		4		501		1102		2585		18		59		6864		9300		0.210		0.170		0.419		0.062		0.201		-0.139		20432				1%		4%		32%

		4		160		4		78608		1.01E+08		t40.f78608.s4		4		500		1235		2567		25		62		6626		12500		0.310		0.172		0.420		0.065		0.205		-0.139		23521				0%		0%		52%

		4		200		5		78608		1.01E+08		t50.f78608.s4		4		500		1336		3506		34		77		6977		15391		0.440		0.172		0.423		0.066		0.204		-0.139		27827				37%		5%		80%

		4		240		6		78608		1.01E+08		t60.f78608.s4		4		500		1441		4007		45		83		6988		18444		0.350		0.173		0.421		0.065		0.205		-0.141		31513				56%		5%		103%

		4		280		7		78608		1.01E+08		t70.f78608.s4		4		502		1482		6245		59		99		7346		21463		0.360		0.169		0.420		0.060		0.199		-0.139		37204				143%		11%		140%

		4		320		8		78608		1.01E+08		t80.f78608.s4		4		501		1667		9351		71		134		8654		24551		0.380		0.172		0.420		0.062		0.203		-0.141		44934				264%		31%		190%

		4						78608		1.01E+08				4		500		781		2567		10		59		6626		3216		0												15488
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		Runtimes simpleFoam

		Nodes		1

		Grid Size		Tuleta		Firestone		Haswell		Fst/Tul		Hsw/Tul		Hsw/Fst

		81920		501		580		714		1.16		1.43		1.23

		1280000		667		485		611		0.73		0.92		1.26

		12800000		1372		1532		2219		1.12		1.62		1.45

		50309120		5741		6583		8935		1.15		1.56		1.36

		100618240		11054		13032		18423		1.18		1.67		1.41

		Threads		80		80		24		1.15		1.61		1.41

		Nodes		2

		Grid Size		Tuleta		Firestone		Haswell		Fst/Tul		Hsw/Tul		Hsw/Fst		T2 - H4

		81920		311		357		347		1.15		1.12		0.97

		1280000		405		333		342		0.82		0.85		1.03

		12800000		650		768		1148		1.18		1.77		1.49		0.13

		50309120		2615		3258		4497		1.25		1.72		1.38		0.13

		100618240		5092		6626		9057		1.30		1.78		1.37		0.10

		Threads		80		80		48		1.24		1.75		1.41		0.12

		Nodes		3

		Grid Size		Tuleta		Firestone *)		Haswell						F3 - H4

		81920		0		0

		1280000		246		342

		12800000		458		578								0.01

		50309120		1731		2419								0.04

		100618240		3469		5053								0.09

		Threads		120		120		72						0.05

		Nodes		4

		Grid Size		Tuleta		Firestone *)		Haswell		Fst/Tul		Hsw/Tul		Hsw/Fst

		81920		0		0		182

		1280000		251		228		272		0.91		1.08		1.19

		12800000		356		385		575		1.08		1.61		1.49

		50309120		1338		1613		2321		1.21		1.74		1.44

		100618240		2610		3369		4630		1.29		1.77		1.37

		Threads		160		160		96		1.19		1.71		1.44

		Runtimes snappyHexMesh

		Nodes		1

		Grid Size		Tuleta		Firestone		Haswell

		81920		387		539		265		1.40		0.68

		1280000		361		427		278		1.18		0.77

		12800000		468		569		427		1.22		0.91

		50309120		1924		2000		1938		1.04		1.01

		100618240		4022		4533		4002		1.13		0.99

		Threads								1.13		0.97

		Nodes		2

		Grid Size		Tuleta		Firestone		Haswell

		81920				0		259

		1280000				0		298

		12800000				0		254

		50309120				0		1207

		100618240				0		2475
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The POWER8 processor is designed for Big Data and 
HPC, with up to 2X the performance on VASP

• Results based on five 
standard test cases
– CPU-only

• Memory bandwidth helps 
with application 
performance

• Results are based on IBM & BSC internal testing of systems. Individual results will vary depending on individual workloads, configurations and conditions.
• IBM Power System S822LC; 10 cores, POWER8; 2.93 GHz, 256 GB memory
• Intel Xeon data is based on IBM & BSC internal measurements. 16 cores Intel Xeon E5-2698 v3, 2.3GHz, 256  GB
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Test cases

VASP relative performance

Dual socket Intel E5-2698 v3

IBM POWER S822LC

System #MPI #OM
P

Dual socket Intel 32 1

IBM Power System S822LC 20 1IBM Confidential 23

Presenter
Presentation Notes
Haswell CPU+GPU shows little current benefitDiscussions with VASP developer shows strong interest in Power as future directions will benefit from greater memory bandwidth and capacity. 
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POWER – CAPI & Open CAPI
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Power 8 CAPI – Coherent Accelerator Processor Interface

• Virtual Addressing
– Accelerator can work with same memory  addresses 

that the processors use

• Hardware Managed Cache Coherence
– Enables the accelerator to participate in “Locks” as a 

normal thread Lowers Latency over IO communication 
model

Customizable Hardware 
Application Accelerator    
• Specific system SW, 

middleware, or user application

• Written to durable interface 
provided by PSL    

Processor Service 
Layer (PSL)
• Present robust, 

durable interfaces to 
applications

• Offload complexity / 
content from CAPP

Coherence Bus

POWER8

CAPP

PCIe Gen 3
Transport for encapsulated messages   _  

PSL

FPGA or ASIC 

25
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Memory Subsystem

Virt Addr

What was done before CAPI?

POWER8
Core

POWER8
Core

POWER8
Core

POWER8
Core

POWER8
Core

POWER8
Core

App

FPGA
PCIE

VariablesInput 
Data

DD

Device Driver 
Storage Area

Variables

Input 
Data

Variables

Input 
Data

Output
Data

Output
Data

Prior to CAPI, an application called a device driver to utilize an 
FPGA Accelerator.  
The device driver performed a memory mapping operation.

3 versions of the data (not coherent).
1000s of instructions in the device driver.

CAPI 
Coherency

Vs. IO Model
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Memory Subsystem

Virt Addr

CAPI Coherency

POWER8
Core

POWER8
Core

POWER8
Core

POWER8
Core

POWER8
Core

POWER8
Core

App

FPGA
PCIE

With CAPI, the FPGA shares memory with the cores

PS
L

VariablesInput 
Data

Output
Data

1 coherent version of the data.
No device driver call/instructions.

CAPI 
Coherency

Vs. IO Model
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Typical I/O Model Flow: 

Flow with a Coherent Model:
Shared Mem. 

Notify Accelerator Acceleration Shared Memory
Completion

DD Call Copy or Pin
Source Data

MMIO Notify
Accelerator Acceleration Poll / Interrupt

Completion
Copy or Unpin

Result Data
Ret. From DD
Completion

Application
Dependent, but
Equal to below

Application
Dependent, but
Equal to above

300 Instructions 10,000 Instructions 3,000 Instructions
1,000 Instructions

1,000 Instructions

7.9µs 4.9µs

Total ~13µs for data prep

400 Instructions 100 Instructions

0.3µs 0.06µs

Total 0.36µs

CAPI vs. I/O Device Driver: Data Prep

Presenter
Presentation Notes
Key differentiation between CAPI and an FPGA attached via IO.  There is a lot of core processor work (many instructions) required to set up the data for an IO off-load engine.  But for CAPI, there is very little because the memory is shared coherently.  The end result is a 40X difference (13us vs 0.36us).  We see the 40X in later examples (both IBM Data Engine for NoSQL and Monte Carlo).
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Identical hardware with 2 
different paths to data

Storage Access Acceleration
Demonstrating the Value of CAPI Attachment

Power S822

FlashSystem

Conventional
PCIe I/O CAPI

0
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PCIe I/O CAPI
0

50
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200

250

300

350

400

450

500

PCIe I/O CAPI

IOPs per HW Thread Latency (us) 

108,438 466

16,150

199

Presenter
Presentation Notes
We said P8 was designed for Big Data now let me prove it. I am going to show the best way to connect flash to any system period!!!This demo consists of a POWER 8 machine that has two data paths to flash. The first path is through conventional PCIe fiber channel and the second path is through a CAPI accelerator path to flash. Note we are using identical set ups and hardware with the only difference being CAPI attachment vs conventional. The same data driver application was used in each case as well.  The Plot on the top shows the maximum access to the flash that we can produce per tread. If this clearly shows that we use less CPUs for a given amount of accesses and we get a much high throughput for each cpu thread. How we are randomly accessing 40TB of data for this demo. Clearly use your compute to compute not access data. Second your data is big and we have 40TB avalibleThe plot below shows the latency average for the accesses. As you can see we are getting to each data chuck much faster. That is important if we want the system to use the flash more like memory and less like storage.   “Now when I came up on stage I told you about a new tier of memory. Well the biggest advantage of CAPI is that we can now start to treat the flash more like slower memory vs fast storage. Let me explain. We all know that redis is a lightning fast in-memory object store. What if I told you we could consolidate 40TB of redis stores over 100’s of users on a single POWER 8 2 socket system with 1 FS840 flash drawer all while providing similar performance as traditional redis in the cloud” “How many machines do you think you could save with such a system? Well we have done the math for you. You could potentially see a 24x server consolidation and this has gotten many of the leading NoSQL providers very excited. In fact, here today we have Redis Labs the premier provider of redis to MSPs and I would like to invite their CEO “Ofer” on stage to tell you a little about what you have seen today”



© 2016 IBM Corporation

Welcome to the waitless world

Presenter
Presentation Notes
Big Data/Database/Compute – Analytics and algorithms that need to work on large masses of data are candidates for CAPI acceleration. Also included in this space are edge-of-network processing engines, such as video encoding/decoding or Ethernet packet processing. For database applications, CAPI can be used as “slow memory” to give the system a feel of having tens-of-terabytes of main storage (as compared to disk I/O), freeing compute cores of huge device-driver processing overhead and minimizing access latency. Social/Media – To reduce production lags, today’s media data centers invest in high-performance computing (HPC) cluster technology for highly complex tasks. These engines can be implemented as CAPI acceleration. In addition, CAPI can assist in making database connections based on known behaviors and biases, personalizing behavioral patterns, and creating individualized experiences for social media and business. Medicine – Research universities and medical centers can implement CAPI for cancer research by using Monte Carlo algorithms to run radiation therapy simulations. These solutions customize therapy for individuals and bring simulation times down from weeks to hours. Finance/Insurance – High-frequency trading, optimizing order books, and detecting fraud use high-performance computing and specialized engines to explore more potential scenarios and shorten the time required. In these cases, milliseconds matter, and CAPI acceleration engines are a prime space for creating these specialized engines and connecting disjoint data. 
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POWER – Spectrum Scale & Components
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IBM Systems

Tape

Heterogeneous Servers & Storage

IBM Software Defined Infrastructure 
Multi-scale Infrastructure for High Performance Computing & Analytics

| 34

Workload 
Aware
Scheduling

Shared
Resource
Management

High Performance Analytics 
Trade / Risk Analytics

High Performance Computing
Design / Simulation / Modeling

Hybrid Cloud Infrastructure

‘New-gen Workloads’
Hadoop, Spark, Containers

DiskFlash Power x86 Linux on z docker VMARMSparc

Shared
Multi-tier 
Data Management



IBM Academic Initiative

From IBM +

ibm.onthehub.com
Suite 
for HPC

with SparkAdvanced 
Edition

https://developer.ibm.com/academic/

Presenter
Presentation Notes
We’ve added the core Spectrum Computing products to the IBM Academic Initiative – which provides software at no cost for teaching and not for profit research.Software provided under the AI does not include support.   Sites can optionally purchase support.The LSF Suite for HPC includes – LSF, Application Center, Process Manager, Spectrum MPI and Spectrum Cluster Foundation – everything you need for an HPC cluster.All three products will be available in the AI by the end of the year.
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IBM Spectrum LSF Process Manager

Enables organizations to design and automate 
computational or analytic processes, making 
them reliable and capturing repeatable best 
practices

IBM Spectrum LSF Application Center

Provides flexible, application-centric interfaces 
for cluster users and administrators that are easy 
to use, deploy, manage  and support

IBM Spectrum LSF Application Center, IBM Spectrum LSF Process Manager
Simplify User Experience and Automate Workflows
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IBM
Spectrum

LSF

IBM Spectrum 
LSF RTM

IBM Spectrum 
LSF Analytics

IBM Spectrum 
LSF Process 

Manager

IBM Spectrum 
Application 

Center

IBM Spectrum 
LSF Session 

Scheduler

IBM Spectrum 
LSF Data 
Manager

IBM Spectrum 
LSF License 
Scheduler

The IBM Spectrum LSF Family

Spark Connector

Docker Connector

Hadoop Connector

IBM Spectrum 
MPI

IBM Spectrum 
Cluster 

FoundationResource Connector for 
OpenStack  & Cloud

Presenter
Presentation Notes
Explain each add-on.   There are hotlinks from the connectors to the detailsIn addition to all the add-ons, there are a number of additional connectors.While IBM Spectrum Symphony delivers increased performance for Hadoop/Mapreduce workloads, an IBM Spectrum Conductor for Spark delivers higher productivity for Spark workloads, if you are only running the odd mapreduce or spark job, they are probably overkill.   Similarly, if you (or your users) are interested in evaluating whether mapreduce or spark can be used to solve a problem, setting up yet another cluster can be time consuming and expensive.   The hadoop and spark connectors for LSF allow hadoop and spark to be treated in a similar manner to a parallel LSF job – while these will not deliver the performance of IBM Spectrum Symphony & Conductor, they make it much easier to run in your existing environment.The connector for Docker allows containerized workloads to be run under LSF control; and the OpenStack connector – as part of the Host Factory (Resource Connector) interface, allows workload driven provisioning of additional resources in an OpenStack environment.
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Visual Flow Editing, Management

IBM Spectrum LSF Process Manager Flow Editor

IBM Spectrum LSF Process Manager Flow Manager

• Intuitive drag-and-drop interface
• Creates self-documenting flows
• Support for sub-flows, job arrays
• Rich error-handling / retry capability
• Save workflows in XML format
• Publish flows directly to Flow Manager

• Manages multiple flows for multiple users 
and groups simultaneously

• Monitor workflow execution graphically
• Trigger flows automatically through 

calendar events, the flow manager or the 
command line.

Presenter
Presentation Notes
The Spectrum LSF Process Manager has a number of discrete components.Spectrum LSF Process Manager itself runs as a Linux daemon or Windows service and does not actually have a graphical interface. The graphical components we’ll talk about here are used to either allow multiple users to publish flow definitions to the process manager or to trigger the execution of workflows already published.Spectrum LSF Process Manager is inherently multi-platform allowing multiple users to concurrently design and run instances of workflows either from the command line, from the flow manager of from with the Spectrum LSF Application Center.The Flow Editor pictures here provides a drag-and-drop interface for process designers to create self-documenting workflows. The Flow Designers supports elements like job-arrays and sib-flows. Flexible properties can be specified for each workflow step indicating details like the executable to run, host selection criteria and extensive error handling specifications. Workflows can be published directly to process manager from within the Flow Editor or they can be saved in a native XML format.The Flow Manager on the other hand is the tool used to run and monitor flows. Multiple flows can be run by multiple users simultaneously. Flows can also be triggered by calendar events.
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Intuitive Application Interfaces

Guided, self-documenting interfaces 
boost productivity, reduce training and 

lower support costs.

Integrated console boosts 
productivity enabling access to 
multiple interactive applications 

through the browser.

Presenter
Presentation Notes
A key value that Spectrum LSF Application Center provides is easy to use application interfaces.Simple, tailored interfaces like the one shown here have multiple benefits.user-training requirements are greatly reduced, making engineers and users productive more quicklyThe opportunity for collaboration is enhanced as well – for example an engineer already familiar with ANSYS can join the project team immediately and be productive because they don’t face any learning curve specific to the IT environment.Finally, a less obvious point is that the opportunity for user-error is significantly reduced. Users making errors in job submission is a common cause of lost productivity. Imagine a 32-way MPI job that runs for an hour only to fail because the user make an error when they submitted the job. Not only has an hour of productive time been lost, but the 32 CPUs used for an hour were wasted while other applications may have been waiting on the cluster for resources.By constraining how users interface with the cluster, the opportunity for these types of errors is dramatically reduced making the whole environment more efficient.An integrated console built into Spectrum LSF Application Center as shown here enables users to run not only batch type simulations that run unattended, but full interactive applications as well. In fact, multiple interactive applications can be run at the same time using remote console solutions like VNC and HP-RGS.This means that engineers and clusters users can stay within the web-based application center to manage all of their different workloads making them more productive because they don’t need to keep switching environments to run different types of workloads.
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IBM Systems

Spectrum Scale deployment models

Shared Nothing Cluster (SNC) Model

Span storage rich servers for converged architecture or HDFS deployment

Network Shared Disk (NSD) Model

Modular High-Performance Scaling

Enterprise Integrated Model

Unify and parallelize storage silos

| 40

Presenter
Presentation Notes
And, we can do it across different storage configurations, from the traditional SAN environment to the newer storage-rich servers. The Enterprise Integrated model is familiar to those with traditional SAN deployments. Adding Spectrum Scale will not only eliminate the data silos, but can also improve performance and reduce data bottleneck.Our most common deployment is using Network Shared Disks, whose modular design scales performance and capacity independently. For those familiar with HDFS, or other scale-out software-defined storage, we support shared nothing clusters that provide the native locality APIs for HDFS, but work like centralized parallel storage for other protocols. Using commodity storage rich servers can be the most economical way to scale out your storage needs. 
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POWER – Power8 HPC Solutions & Elastic 
Storage Sever

41
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System Head Rack  (Login, Management, Storage)

Spectrum Scale 
ESS Gl2 Storage disc 
500 TB Disc
Parallel 
6-18 GB/sec

Login / SW Mgt Nodes

Spectrum Foundation
Pipeline Manager SW.

Spectrum Scale Storage 
Management Node

Top of Rack Mellanox Leaf 
Switches (Ethernet or Infiniband)

Software Stack
Spectrum Compute Foundation
• Cluster Manager
• LSF Scheduler
• Process Manager
• Application Center
• Workload Manager
• Real Time Manager 

Compute Nodes (FAT)

End User, Usability
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• Multiple racks of 1U 
compute nodes based 
on Power8+ cpus

• 20 or 24 cores per 
server.

• 160/192 threads 
simultaneous

• Infiniband or Ethernet 
Interconnect

• 22.5KW per rack (no 
GPU)
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IBM Delivers Full HPC Solutions

44

S822LC servers
2 POWER8 CPUs
1U, 2U

compute nodes

Keyboard/monitor
UFM appliance

Management server
Login node

ESS Storage

InfiniBand switch
Ethernet switch

NVIDIA GPUs  
P100, K80

Mellanox IB, Ethnt
switches

Ethernet switches

Parallel File System  
Elastic Storage Server

HPC Software

XL Compilers 
CUDA ESSL

PGI

Spectrum 
Scale xCAT

Spectrum Compute Fa 
miily

LSF,PAC,PPM

Parallel Env
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Compute Intense FAT nodes for GPU Workloads
Nvidia NVLINK© Technology = IBM OpenPower 822LC

Sample:  One or More racks of 2U Servers
16 High Performance IBM Power822LC servers
2 or 4 Nvidia Pascal P100 GPUs , 256 Gb Memory
+  FAT Nodes w 1TB Memory,  GPU (or not)

Intense Deep Learning and Bioinformatics Workloads are 
Seeing 5-10X improvement over Intel x86 PCI based systems



© 2016 IBM Corporation

Welcome to the waitless world

Sample Solution Architecture

CAPI Node

10
G

b 
Et

he
rn

et
 S

w
itc

h
Campus Gb Network

Campus 10 Gb Network

2X Infra Mgmt

2X  App Center

Stratton
Computing
(non GPU)

Database
Block 

Storage

21 3

Tier 1 Storage
(Performance)

TBs

Tier 2 Storage
(Capacity)
TBs-PBs

Tier 3
(Backup)
(Archive)

PBs

TBs

Minsky
Computing 
(P100 GPU)

ServerServer

Internal Management Network (1Gb Ethernet – 2X Redundancy)

Internal Data Network (EDR InfiniBand)

2X  Data G’way
(GPFS Protocol)

Campus Network

21
FPGA Node

X86 Nodes Tape
Storage

Compute Nodes Storage Nodes / Pools
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HPC Storage - Elastic Storage Server
 Elastic Storage Server (ESS) is an integrated file/object based storage solution consisting of:
 IBM Power System Servers
 Storage Enclosure and drives
 Spectrum Scale Software including Spectrum Scale RAID software
 Networking components
 Scalable Parallel File System                   **Built on 15 Years of IBM GPFS
 CIFS, NFS, SMB, Posix gateways    
 Spectrum Object Transparent Cloud Tiering.

 ESS is a building block solution for Spectrum Scale 
 ESS’s can be scaled horizontally to provide massive scaling of:

 Capacity
 Throughput    (3-12 GB/second) ***
 Number of files
 Number of Objects

 All of the intelligence in ESS lies in Spectrum Scale and Spectrum Scale RAID  Software 47



IBM Systems

ESS – The World’s Fastest Spectrum Scale Product

| 48

GPFS „Classic“ IBM ESS

7 disks3 groups
6 disks

spare
disk

21 stripes
(42 strips)

49 strips7 stripes per group
(2 strips per stripe)

7 spare
strips

IBM Spectrum

Scale Raid

Presenter
Presentation Notes
Spectrum Scale is a proven product, built originally for our core high-performance workloads and delivered as GPFS, it has evolved to be an enterprise solution with increased focus on general purpose storage. 
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IBM’s DeepFlash ESS enhances the Elastic Storage Server family.

GL4 building 
block

GL2 building 
block

GL6 building 
block
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GS2 building 
block

GS4 building 
block

GS6 building 
block

GF2 building 
block

GF1 building 
block

GS models use 2U 24x2.5” JBODs or SSDs, GL models use 4U 60x3.5” JBODs, 
GF models use 3U 32 JBOF enclosures
Support drives: 1.8TB SAS, 400GB, 800GB, 1.6TB SSD 2.5”; 2TB,4TB,6TB and 8TB NL-SAS 3.5” HDDs
Supported NICs:  10GbE, 40GbE Ethernet and EDR Infiniband

GS1 building 
block
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POWER – IBM Data Engine for Hadoop & 
Spark

50
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IBM Data Engine for Hadoop and Spark

Single vendor support

Up to 2x better price performance 
for Spark workloads*

Delivered as a fully integrated 
cluster ready to run

OpenPOWER innovation with IBM 
S821LC servers

 Optimized configurations 
for Hadoop or Spark 
workloads

 Based on S812LC 
servers with up to 
14*6TB disk drives per 
server

 Optionally preloaded 
with IBM BigInsights and 
IBM Open Platform

 Simplify operations –
easy to deploy and 
manage 

 Adapt and scale to your 
changing analytics needs

OpenPOWER innovation with IBM Open Platform with Apache Hadoop for a high performance, storage 
dense and fully integrated cluster offering.

• All results are based on IBM Internal Testing of 3 SparkBench 
benchmarks consisting of SQL RDD Relation, Logistic Regression, 
SVM

Presenter
Presentation Notes
Additional information on performance claim:6 Data Nodes and 1 Management Node. Each node is IBM Power System S812LC 10 cores / 80 threads, POWER8; 2.92GHz, 256 GB memory, RedHat 7.2, Spark 1.5.1, OpenJDK 1.86 Data Nodes and 1 Management Node. Each node is x86 E5-2620V3 12 cores / 24 threads, E5-2620 V3; 2.4GHz, 256 GB memory, RedHat 7.1, Spark 1.5.1, OpenJDK 1.8Pricing is based on web discounted list prices of HP DL380 and  list prices of IBM Power S812LC
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New Members of LC Server line ideal for Big Data

52
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Typical IDEHS Configurations
• Starter/Small (max 1 rack)

– 1 sys mgmt, 1 mgmt, 3 data
– Ideal for dev/test, POC or single use where HA and 

performance not a consideration
– Capacity: 72TB raw

• Medium
– 1 sys mgmt., 3-6 mgmt., 7 data (min 3)
– Redundant 10GB top of rack switches
– Ideal for small to medium production cluster
– Capacity: 504TB raw

• Large (max 2 rack)
– 1 sys mgmt., 3-6 mgmt., 12 data
– Ideal for multiple lines of business in production
– Capacity: 864TB raw

Data Node Default Options:
• Standard Analytics Node Default Configuration

– 1x POWER8 2.92GHz 10Core + 128GB (16x8GB) DRAM 
+ 12 x 6TB (front drives) + 2 x 1TB HDD (rear drives) 

• ‘Memory Rich’ Node Default Configuration:
– 1x POWER8 2.92GHz 10Core + 256GB (16x16GB) 

DRAM + 10 x 6TB HDD + 2 x 960GB SSD + 2 x 1TB 
HDD(rear drives) 

53

Small Medium Large
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Actual Use case for Hadoop with Power8 SMT8

Louisiana State University- Genome Assembly with Hadoop

54

LSU Whitepaper published
http://www.lsu.edu/mediacenter/docs/LSU-IBM_POWER8_GenomeBenchmark.pdf

Hadoop workload with SMT8 enabled
+ External GPFS storage (HDFS) 
connector

• 9x Performance over Intel nodes.
• 120 Nodes Dell vs 40 Nodes IBM
3x Time performance, 1/3 nodes.

http://www.lsu.edu/mediacenter/docs/LSU-IBM_POWER8_GenomeBenchmark.pdf
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POWER8 Delivers more for Spark

• S812LC delivers optimized Spark price-performance 
based on an average of 10 SparkBench benchmarks

– Complete the same Spark workloads for less than ½ the 
cost of Intel Xeon E5-2690 v3 systems 
o 2.3X BETTER performance per dollar spent

– 94% more Spark workloads in the same rack space 
versus Intel Xeon E5-2690 v3 systems 
o 1.94X BETTER performance per system (10 core S812LC 

vs 24 core DL380)
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• All results are based on IBM Internal Testing of 10 SparkBench benchmarks consisting of SQL RDD Relation, Twitter, Pageview Streaming, PageRank, Logistic Regression, SVD++, TriangleCount, SVM, MF, SQL Hive
• IBM Power System S812LC 10 cores / 80 threads, POWER8; 2.9GHz, 256 GB memory, Ubuntu 15.04, Spark 1.4, OpenJDK 1.8
• Intel Xeon HP DL380; 24 cores / 48 threads, E5-2690 v3; 2.3GHz , 256 GB memory. Ubuntu 15.04, Spark 1.4, OpenJDK 1.8
• Pricing is based on list prices of HP DL380 and  estimated prices of IBM Power S82LC

HP DL380
E5-2690 v3

24c/48t
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Presenter
Presentation Notes
We have a superb price performance and absolute performance compare vs 2P Xeon servers.Sparkbench benchmarks consisting of SQL RDD Relation, Twitter, Pageview Streaming, PageRank, Logistic Regression, SVD++, TriangleCount, SVM, MF, SQL Hive10c S12LC (POWER8) vs 24c HP DL380 (E5-2690 v3)	1.94X better performance at the system level	4.65X better performance per core (1.94 x 24 / 10)	2.3X better price-performance	20% lower price per system vs HP DL380 (E5-2690 v3)
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IBM Data Engine for Hadoop and Spark (IDE-HS) Cluster Performance
Designed for the Cognitive Era to Make Better Decisions even Faster

• IBM Data Engine for Hadoop and Spark infrastructure delivers 
Spark workload scaling to minimize execution times and 
reduce batch windows

- 2.1X more performance per dollar spent for Spark Logistic 
Regression based Machine Learning used in model 
training by wide variety of lines of business

- 1.4X more performance per dollar spent for Support Vector 
Machine (SVM) – a Machine Learning algorithm used in 
product Recommender Systems

- 1.7X more performance per dollar spent for Spark SQL 
query processing used widely in Big Data clusters

• All results are based on IBM Internal Testing of 3 SparkBench benchmarks consisting of SQL RDD Relation, Logistic Regression, SVM
• 6 Data Nodes and 1 Management Node. Each node is IBM Power System S812LC 10 cores / 80 threads, POWER8; 2.92GHz, 256 GB memory, RedHat 7.2, 

Spark 1.5.1, OpenJDK 1.8
• 6 Data Nodes and 1 Management Node. Each node is x86 E5-2620V3 12 cores / 24 threads, E5-2620 V3; 2.4GHz, 256 GB memory, RedHat 7.1, Spark 

1.5.1, OpenJDK 1.8
• Pricing is based on web prices of HP DL380 and  list prices of IBM Power S812LC
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Logres SQL

Presenter
Presentation Notes



Chart1

		2.145

						1

		1.47

						1

		1.73

						1



IDE-HS

x86 Cluster

Relative Performance

Logistic Regression, SQL, 

and SVM Performance



Sheet1

		IDE-HS		2.145						1.47						1.73

		x86 Cluster				1						1						1






Chart1

		2.07

						1

		1.42

						1

		1.67

						1



IDE-HS

x86 Cluster

Relative Price-Performance

Logistic Regression, SQL, and 

SVM Price-Performance



Sheet1

		IDE-HS		2.07						1.42						1.67

		x86 Cluster				1						1						1







© 2016 IBM Corporation

Welcome to the waitless world

POWER – Open Software Solutions and 
Application Performance
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Open Source Ecosystem        

Big Data 
& Analytics

Cloud 
Managemnt 

Stack

Databases 
& search 

engines

Dev. Env 
/Tools

Other 
HA, 

Security 
etc.

Technical 
Computing

Available:
Angular.js,Backbone, 
Bootstrap, buildbot,  
busyBox, Continuum, 
CruiseControl, Docker , 
Eigen lib, Erlang, Ganglia, 
GCC, gccgo, GDB, 
GoLang, Gump, Jenkins, 
Jruby, Lynx,
LLVM, logstash, logstash-
forwarder, kibana,
Maven, Nagios, NGINX, 
node.js, OCaml, 
OpenJDK, Phantom.js, 
PHP,  phpMy Admin, Perl, 
PyCi, Python, Python-
Django, Python-Pip 
ecosystem, PyPy, R, 
RabitMQ, rsyslog, Ruby, 
Ruby on Rails (rbenv), 
Ruby Gems, scala, 
snappy, Socket.io 
(npmjs), SpiderMonkey, 
Strider, Supervisord, 
SystemTap, Vagrant, V8, 
Xerces

Optimized:
R

Port In Progress:
Travis-CI

Available:
Accumulo (column), 
Cassandra
CouchDB (document)
Couchbase (noSQL)
Derby, InfluxDB, Firebird 
ElasticSearch
EnterpriseDB, LevelDB,
MariaDB (v10.x optimized) 
Memcached (KVS)
MongoDB 3.2 (document)
MySQL, Percona Server,
PostgreSQL, PrestoDB, 
RabbitMQ, Redis (KVS), 
Riak, Sphinx, SQLite, 
TokyoCabinet
Virtuoso (graph)
Wired Tiger, ZODB

Port In Progress:
GPUDB, Neo4j (graph) 

Optimizing:
CouchDB

Evaluating:
InfiniSQL

Available:
Hadoop Base, Hive, 
HBase, Accumolo, 
Ambari, Avro, 
ElasticSearch
Falcon, FluentD
Flume, Hue, Kafka, 
Knox, Lucene-Solr, 
Mahout,  Oozie,
Parquet, Phoenix
Pig, Ranger, Slider, 
Spark, Sqoop, 
Storm, Tez, 
Zookeeper

Optimizing:
Hadoop 

Evaluating:
Clusterpoint

Available:
Apache Web Server
Apache tomcat
Ceph, Chef Client,
Glassfish, Jetty, 
Juju & Juju gui
Landscape client
MAAS, OpenStack,
Puppet
Apache Qpid
Thrift
Ceilometer client,
Sensu Server & 
Client

Port In Progress:
Chef Server  v12 

Available:
Alfresco, BTRFS, 
Bootstrap
CentOS
Chroma-key
Cluster Glue, 
corosync, CRMshell, 
DRBD
Evolution data svr, 
ClusterGlue,
HAProxy, Heartbeat
keepalived
Ldirectord, 
Linux-HA. mesos
OpenSSL
Pacemaker, REAR, 
resource agents,
Samba, Tophat
WordPress

Port In Progress:

Evaluating:
Cluster-Network
Open Identity Stack 
(forgerock.com)

Available:
ALLPATH-LG, bfast, 
BioConductor, BLAST,  
BOOST, Bowtie2, BWA, 
EMBOSS, FASTA, FastQC, 
HMMER, HTSeq, ISAAC, 
MUSCLE, PICARD, PLINK, 
RNAStar, RSEM, SAMTools, 
SAMTools 1.0, SeqAn, 
SHRiMP, SOAPAligner, 
SOAPbuilder, SOAPDenovo, 
TMAP, TopHat, ABySS, Balsa, 
Caffe, Code-Saturne, GATK,
GMP, Heat3d, IOR, Lattice-
Boltzmann, LAPACK, 
OpenFOAM, waterman ….

Optimized & GPU enabled:
AMBER14, CHARMM, Galaxy, 
GAMESS, GROMACS, HPC-
challenge, KKRnano, 
LatticeQCD, MAFIA, NAMD. 
NEST, PEASOUP, PLUTO, 
Quantum Espresso, QUDA, 
SOAP3-DP, WRF

Evaluating:
CEGMA, DIALIGN-TX,  
openQCD, SIFT, STREAM, 
miRdeep2,  ucsctools, 
ViennaRNA, 

Available: Open source application is ported and 
available on distro (Ubuntu or RHEL or SLES) (black), 
in community (purple), Lab7 (green) or IBM IOP 
(blue).  Does not mean it is optimized.  Does not 
mean that a commercial ISV version is available.

Evaluating: Needs to be vetted in new business 
development prioritization process.  Some of these 
are available codes that need optimization to be 
competitive with x86.

© 2016 International Business Machines 
Corporation
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Available Technical Computing Packages  

ABySS, ALLPATHS-LG, ALYA, Amber14, ATLAS 

BAMtools, Barracuda, bcftools, bedtools, bfast,
BioConductor, BioPerl, BLAS (libblas3), BLAST 
(NCBI), Boost, Bowtie, Bowtie2, BreakDancer, 
BWA, bzip2

Caffe, c-ares, CHARMM, Chimerascan, ClustalW, 
Code-Saturne, CoMD (LJForce), Cosmo SVN, CP2k, 
CPMD, Cufflinks

DELLY2

EBSEQ (R), Eigen (eigenlib), EMBOSS, Eureka, 
Eureka-client, 
FASTA, FastQC, FASTX-Toolkit, fftw (vectorized), 
FreeBayes, 

Galaxy, GAMESS, GATK, GenomonFisher, GMP, 
gnuplot, Graphviz, GROMACS 

Heat3d, HMMER, HOMM-COMM, HPC Challenge 
(incl. Linpack HPL), HPCG, HPL, HTSeq, Htslib

IGV, IOR, iRODS (beta), iSSAC (Illumina) 

Jurrassic, KKRnano

Lattice-Boltzmann, LatticeQCD (LQCD), LAPACK 
(liblapack3), LES, LSQR, LibGD<partially>, libpng, Ludwig

MAFIA, Matplotlib, Mdtest, MG2, Mothur, MPAS-A, 
MurmurHash, 

NAMD, NEST, nlopt, nose (Python), NumPy, NWChem, 

Oases, OpenARC, OpenFOAM, OpenQCD

PEASOUP, PICARD, PIConGPU, PLINK, PLUTO. 
POPPPerf, Pysam. PyReshaper

QuantumEspresso, QUDA 

R, regCM. RNAStar, RSEM

Sailfish, SAMtools, Scalpel, SciPy, SeqAn, SHOC, 
SHRiMP, SOAP3-DP, SOAPAligner/SOAP2, 
SOAPbuilder, SOAPdenovo2, SPlazerS, spice, SQLite, 
SRA-Tools, STAR-fusion, STREAM

Tabix, tassel, T-Coffee, TMAP, TopHat, Trinity 

VASP, variant_tools, Velvet/Oases, native vector support 

libs, Waterman, WRF 
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Systems 
Management

Application 
Runtime

Development 
Productivity

Workload 
Management

Application 
Environment

Data Management

PCM Standard Ed
xCAT

IBM MPI runtime
ESSL / PESSL
CUDA runtime

PE Developer Ed
XL Complier suite
Totalview/DDT debuggers

Spectrum  LSF

Spectrum Scale
HPSS
Spectrum Protect

Spectrum Application Center
Spectrum Process Manager
Spark,Hadoop Connectors

Client BenefitsProducts
• Ease of Use: web portal
• Customizable: admin productivity
• Faster time to system productivity
• Robust monitoring

• Optimized Parallel Runtime
• Optimized LAPACK and ScaLPACK libraries
• User controlled workflow support

• Modern application development environment using Eclipse
• Performance analysis tools to help analyze applications
• Optimized compiler for Power

• Optimized utilization of resources
• Policy and resource aware scheduling
• Robust add-on features

• Scalable/reliable storage for parallel files system (ESS)
• ILM for transparent migration of data from storage to tape and back
• Enhance availability with RAID-based ESS and Tape

• Simplify job submission for repeatable workload: customization
• Customizable
• Workflow management - Faster time to system productivity

HPC Software Stack for Power Systems

IBM Confidential 60
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Unlock the power of big data with IBM Technical ComputingCompiler Offerings include Proprietary and Open Source versions 
of Acceleration Enabled Programing Models

Key Features:

• Gives direct access to the GPU 
instruction set

• Supports C, C++ and Fortran

• Generally achieves best leverage of 
GPUs for best application 
performance

• PGI/NVIDIA  Compiler

• CUDA C/C++ for Power via XL NVCC

CUDA
Key Features:

• Designed to simplify Programing of 
heterogeneous CPU/GPU systems

• Directive based parallelization for 
accelerator device

• PGI/NVIDIA Compiler

• OpenACC/gcc 

Key Features:

• OpenMP 4.0 introduces offloading and 
support for heterogeneous CPU/GPU

• Leverage existing OpenMP high level 
directives support

• IBM XL Compiler

• Open Source LLVM OpenMP 
Compiler

IBM Confidential
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Give us your hardest workload!

How can IBM make you and the 
university successful?

Thank you….
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