DreamCloud: A new version of Supercomputing
...or life after the end of the Moore’s Law...
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DreamCloud: A new version of Supercomputing
‘) About HLRS
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Turnover: ~100 bil. €
Staff: 260.100

MHAHLE

Driven by performance
Turnover: ~5 bil. €
Staff: ~50.000

Turnover: ~50 bil. €
Staff: ~300.000 -
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Staff: ~11.00
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Turnover: ~14 bil. €
Staff: ~19.000
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DreamCloud: A new version of Supercomputing

‘&) About HLRS

High Performance Computing Center Stuttgart

e First Cray system in Europe

(Cray-2, 1986, 4 CPUs, 2GB RAM, approx. 2 GFLOPS)
* National HPC infrastructure provider since 1995
e EU infrastructure provider since 2005
e 110M core hours delivered to industry in 2014

STUTT GART

i

HORNET (Cray XC40,
Intel Haswell CPU,
Aries network)

- 4.000 nodes (24 cores)
- 4 PFLOPs performance
- 128 GB RAM per node
- 7,8 PB Disc

- 1512 KW power
consumption / 1.5M Euro
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DreamCloud: A new version of Supercomputing
‘©) About HLRS

€ B @ topsoo.org/lists/2015/06/

TOP500

RMAX RPEAK POWER
RANK SITE SYSTEM CORES (TFLOP/S] (TFLOP/S]) (KW
1 National Super Computer Tianhe-2 (MilkyWay-2] - 3,120,000 33,862.7 54,9202.4 17,808
Center in Guangzhou TH-IVB-FEP Cluster, Intel
TotaI- China Xeon E5-26%92 12C 2.200GHz,
TH Express-2, Intel Xeon Phi
- USA —233 il
NUDT
- Japan -39 2 DOE/SC/0Oak Ridge Titan - Cray XK7 , Opteron 560,640 17,590.0 27,1125 8,209
MNational Laboratory 6274 16C 2.200GHz, Cray
= Germany - 37 United States Gemini interconnect, NVIDIA
. K20x
- Ch|na = 37 Cray Inc.
3 DOE/NNSASLLNL Sequoia - BlueGene/Q, 1,572,864 17,173.2 20,132.7 7,890
United States Power BQC 16C 1.60 GHz,
H Cust
Newcomers in perem
1BM
2015' 4 RIKEN Advanced Institute K computer, SPARC&4 VI11fx 705,024 10,510.0 11,280.4 12,660
USA _ 34 for Computational Science 2.0GHz, Tofu interconnect
lalcs) Fujitsu
Japan
- Germany — 12
5 DOE/SC/Argonne National Mira - BlueGene/Q, Power 786,432 8.586.6 10,066.3 3,945
- Japan -11 Laboratory BQC 146C 1.60GHz, Custom
United States IBM
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DreamCloud: A new version of Supercomputing

() About HLRS HLR|S
XXL Application Portfolio R
. ‘ *3.:.::'»;3."'

e Climate simulation on a high (a few kms) resolution

1171717171

‘\1\1_
]
o

— University of Hohenheim
— 84.000 cores, 84 hours, 450 TB data .

T T T T TN T T T T T T T T T
B W0 10 0 Ml W0 1T 1 20d I I Y

Copyright: Institute of Physics and
e Turbulent flow simulation for air- and gas Meteorology, Universitat Hohenheim

dynamic analysis
— RWTH Aachen University
— 92.000 cores, 110 hours, 80 TB data

B
B - T

N

Copyright: Institute of Aerodynamics,
RWTH Aachen University

‘.r
!

See more at:
http://www.gauss-centre.eu/gauss-centre/EN/Projects/XXL Projects Hornet/XXL Projects Hornet.html?nn=1236240
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DreamCloud: A new version of Supercomputing
‘) About HLRS

115.000 pictures
2 hours each
200 pictures in
parallel

From 9600 days
to 48 days
400.000 viewers
in 2 weeks
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DreamCloud: A new version of Supercomputing
() About HLRS HLR|S

Challenges for New -Generation Systems

 Computation power
— Exascale is on his way, perhaps by 2020
— More performance for less money
— Hazelhehn - approx. 8 PTFLOPs / 3M Euro power costs, approx. 1 PB RAM
— Sustainable performance - 1 PTFLOP

Technology latency slow down
° St ora g e DRAM 20 - 50 Nanoseconds 1X
. . . X NVM (MRAM, other new 5 - 3000 nanoseconds 1/4X - 60X
— Spinning devices will go away by 2020 technologies)
. SSD (NAND flash) 20,000 - 40,000 nanoseconds | 1000X - 8000X

— Flash is the core technology (aka NVM)
Magnetic disk 3,000,000 - 6,000,000 150,000X - 1,200,000X

— Tapes will remain for data persistency ki
Source:

[
Memor http://insidehpc.com/2014/05/nvm-will-shake-supercomputing/
— both high memory capacity and high memory bandwidth are required

— cannot guarantee same growth as for FLOPS
— extremely deep hierarchy (at the cache level)
— programming ease

— 3D stacked memory, NVM
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DreamCloud: A new version of Supercomputing

“4) Convergence of Big Data into Supercomputing
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The modern HPC have to address a new class of computing-intensive applications
from data-intensive domains in the internet, media, business, science, etc.
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High Precision
Arithmetic
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variable precision
or integer based
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DreamCloud: A new version of Supercomputing

“4) Convergence of Big Data into Supercomputing

Applications

e-Services

DATA- - -
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Hardware
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Cloud Data Center HPC
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DreamCloud: A new version of Supercomputing

2} Semantic Web as a New HPC Domain ?

What are the challenges

» Infrastructure ,,on demand”
- distributed memory parallel clusters with low-latency intercon.
- multicore machines with shared memory ; :
- GPGPU devices
- alltogether?
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DreamCloud: A new version of Supercomputing

2} Semantic Web as a New HPC Domain ?

What are the challenges

A Semantic Web Integration
Platform for Large-Scale Reasoning

Endpoint
A
b
Path
> Plugin

Plugin

Plugin

Plugin ‘|_)

-
3
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DreamCloud: A new version of Supercomputing

2} Semantic Web as a New HPC Domain ?

» The idea of LarKC

LarKC = an infrastructure for
large scale, high performance
Incomplete reasoning

Selecter 1 e

Query

Transformer Identifier

Selecter 2

Flexibility, Modularity
Scalability, Performance

SEMAPRO 2015 ::

Reasoner

*Relevant Sources
*Relevant Content
*Relevant Context

Identify

L‘ansform

Select

eExtract Information
*Calculate Statistics
sTransform to Logic

*Relevant Problems
*Relevant Methods
*Relevant Data

»" | *Rule-based Inference
' «Classification
*Context reasoning

Reason

| «Encugh answers?
*Encugh certainty?
sEnough cffort/cost?
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DreamCloud: A new version of Supercomputing

2} Semantic Web as a New HPC Domain ?

Development Platforms

» LarKC architecture: High-Level Overview

Workflow branching

Plug-in parallelisation

Multi-Threading

P

l || e Map-Reduce

Query

Workflow branching
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DreamCloud: A new version of Supercomputing

2} Semantic Web as a New HPC Domain ?

Development Platforms

» LarKC architecture: High-Level Overview

e LenTTTTTTTTTTITTIITTIOTIOTITIII OO
/ Semantic Web Service o LarKC platform
_ Farm / Plug-in Marketplace
Plug-in : : Plug-in I\
developers Deciders || Identifiers | Selectors Registry 1/ /L L[;.?/g
\[ (OWLIM)
Transformers Reasoners

7

Plug-in
Managers /|  Execution

Framework Remote
m Workflow

<

Invocation

= rt N Framework
Workflow upport (GAT)
. System
designers
b Monitoring
End-points Service 3
restaurants in der Nahe von s /’
Stuttgart, Deutschland A i
Do o WS 00000 g T
chillerplat ), jart, T - > - - >
: . 5’25'??’{'72"9%57 - alte-kanzlei-stutigart de i- Kl gy 00 LT ~ O ~
App||cat|on e i BWENRGCR T N
oo sms s Infrastructure ‘-
end-users

High-
performance
computer
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DreamCloud: A new version of Supercomputing

“>) Data-Centric Parallel Programming Models

» Programming models:
MapReduce

e data-centric
e fault-tolerant

'@‘Q poor sustainable performance

- '@‘Q restrictive key/value model

SEMAPRO 2015 ::

(K, V1] IK, VI [K, V1| K, V1§

[ V1 1k, V1K, I [k Vi

(xvi) [k vi) [k Vi
®kv (kv

[ Reduce 1 ] [ Reduce 2 ]

A
Output
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DreamCloud: A new version of Supercomputing

“>) Data-Centric Parallel Programming Models

Compute ‘ | Compute
Node 2 Node vV

mpirun —np N}'
MPI processes launching J
MPI processes initialization ’
. — S o 1.
hlgh performance MPI processes information acquiring
" Rank=0 Rank = 1 Rank = N-1
L Total = N Total= N ) Total = N/

Calculating the data partition range

|
| |
| |
1 1
| |
: |

|
i trange
i M,=F, M,=F, My=F, |
i |
I |
1 |
I |
i |
i |

(Rank, A) (Rank, \) (Rank, )
Data subset processing
O1= 02= ON=
_F2(IIM4]) FoU[M2]) L Fad[My)

Legenda: User MPI-RTE Application
Commands actions Code
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DreamCloud: A new version of Supercomputing

“>) Data-Centric Parallel Programming Models

The Message-Passing Interface

> Issues

) lack of implementations for the programming languages typically used in the

data-centric communities, such as Java

« Java implementations (MPJEXxpress)  native implementations (mpiJava)
o full MPI-2 standard implementation » JNI is used for calling communication
* issues with supporting new high-speed libraries that are available in native
interconnects (e.g. Cray), related to the codes (i.e. highly optimized MPI comm.’
JVM * integration with a native MPI library
« scalability to a peta/exaflop? IS not easy
« support of native tools for parallel e ...but if you got it running, very
computing, i.e. debuggers, error detectors, enjoyable performance
etc.
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DreamCloud: A new version of Supercomputing

“>) Data-Centric Parallel Programming Models

The Message-Passing Interface

» mpilava

« Architecture Import mpi.*; Applications

Java wrappers

Java MPI bindings
JNI C Interface

Native (C) MPI
implementation

Open MPI} MPICH
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DreamCloud: A new version of Supercomputing

“>) Data-Centric Parallel Programming Models

The Message-Passing Interface

»Java bindings for Open MPI (ompiJava)

User Application

in the Open MPI’s

trunk!

L OMPI ) [ configure —enable-mpi-java _Configu_ration,
( ORTE Y make install Installation
mpirun i
b
o 5 i ication. i Compilation
threads (OS), atomics (HW) J| [ mpijavac Application java )

E S ]Jv } [ mpirun java Application ) Running

SEMAPRO 2015 :: 21.07.2015 :: Dr. Alexey Cheptsov




DreamCloud: A new version of Supercomputing
“>) Data-Centric Parallel Programming Models

Developments @ HLRS

» ompilava performance

* P2P communication

Pointto-Point Communication (2 nodes via

Pointto-Point Communication (2 nodes via
Infiniband) for high message size range (larger than

Infiniband) for low message size range (up to

1024 K) 1024K)

12000,00 40000

10000,00 350,00
P . 300,00
E 8uao.oo —+—ompilava 'E 250,00 — |—+—ampilava
¢ 6000,00 —=—ompiC g 200,00 —=—ompiC
= 4000,00 mpi = 150,00 mpj

2000,00 100,00

ffff 50,00
0,00 - 0 o0 et ——————————

1004 |
048 i
4096 i
A152 i
16384
30768
B5536
13107
26214
52428
1E+0B

[N (l- [ £+ ;\Q‘l o;]r .hbi F\q?} {?{h cg:»fl' ;.\qubt

Message Size, Bytes Message Size, Bytes
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DreamCloud: A new version of Supercomputing
“>) Data-Centric Parallel Programming Models

Application Scenarios

» Random Indexing for Large Texts

A Statistical Distribution technique for word/text similarity analysis

» Docs

Similarity
index
Terms v
Subsetting Query Expansion
SPARQL Query Semantic Index
O/' SELECT 75 7P 70 extract keywords m dﬁnd similar URIsﬂitera!E,
» ultrasoun >
WHERE {
ISP 0.
FILTER(?O="ultrasound")
} T Similarity Literal/URI
refine 1.0 ultrasound
O/ O/ l.f?NsIC:E oz 0.96 reflection
s
P2 PR 0.94 h
FILTER (?S="reflection"} - Sonography

SEMAPRO 2015 ::
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DreamCloud: A new version of Supercomputing

51) DreamCloud Project Approach H L R | S5

e Problem statement o
Application

* 1/0 bound HPC
e Communication-bound Resource
Manager

Infrastructure
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DreamCloud: A new version of Supercomputing

51) DreamCloud Project Approach

e DreamCloud solution

— Scalable

— Low overhead

— Flexible
— Unified

Performance
Monitoring
Framework

SEMAPRO 2015 :* 21.07.2015 :: Dr.
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DreamCloud: A new version of Supercomputing

51) DreamCloud Project Approach

 Available application profiling tools
— Valgrind — general analysis
— Likwid — energy/power consumption
— Vampir/Paraver — communication
— Wireshark — networking infrastructure
 Infrastructure Monitoring Frameworks
— Zabbix
— Nagious
— Excess

e Problem: A very high user’s involvement
e Key solution: Consolidation and Integration!
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DreamCloud: A new version of Supercomputing
51) DreamCloud Project Approach H L R I S

Total energy

. High-level
consumption

view

Legenda:

communication
—_—
streams

(— = to be targeted
by D3.2 Communication-  1/O-intensive Memory-

intensive tasks tasks intensive tasks
> Pattern-based

; ; view
AN y
[{"Timestamp":1412251767.6678383," type":"nem","nem_used":29.33,"mem_avail":70.67], ™
{"Timestamp":1412251768.6681168, "type":"men", "mem_used":29.33, "mem_avail":70.67},
{"Timestamp":1412251769.6684322, "type":"men", "mem_used":29.33, "mem_avail":70.67},
{"Timestamp":1412251770.6687298, "type":"mem", "mem_used":29.33,"mem_avail":70.67}, .
{"Timestamp":1412251771.6690383, "type":"men", "mem_used":29.33, "mem_avail":70.67}, Detal I ed
{"Timestamp":1412251767.6678553, "type": "papi","PAPI_TOT _INS":153184,"PAPI_SP_OPS":0,"PAPI_TOT CYC":349383}, > .
" Timestamp":1412251768 668802, "type": "papi","PAPI_TOT_INS":153365,"PAPI_SP_OPS":@,"PAPI_TOT CYC":352201}, view
" Timestamp":1412251769.668191, " type": "papi","PAPI_TOT_INS":153546,"PAPI_SP_OPS":@,"PAPI_TOT_CYC":354860},
" Timestamp":1412251776.6683956, "type": "papi","PAPI_TOT INS":153727,"PAPI_SP_OPS":@,"PAPI_TOT CYC":357361},
['Tinestanp":1412251771.6685596, "type":"papi”, "PAPI_TOT_INS" :153988, "PAPI_SP_OPS":8, "PAPI_TOT CVC":366203}] )
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DreamCloud: A new version of Supercomputing

51) DreamCloud Project Approach

e Architecture

Querying Interface (RESTful)
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DreamCloud: A new version of Supercomputing
51) DreamCloud Project Approach

e Performance Profiles

— Static (prior to the execution)

— Dynamic (collected at runtime)
e Performance Counters (PAPI etc.)
e Energy Counters (RAPL etc.)
e User-defined ones
(e.g. progress tracker)
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DreamCloud: A new version of Supercomputing

51) DreamCloud Project Approach H L R | S5
Meiric Value range Description
. . CACHE ACCESSES [integer] Huaber of (eg L1, L2, data, instrction)
o B IVI t CACHE MISSES cache accesses amd misses. If ratin of
a S I C e r I CS missesfaccess is too high a different platforra,
featuring bigger caches, or a more fine
: () grained work distrbution, such that each
Me tric E:.:ﬂ]ll& 2 DHFHPM process’ workload fits into the local cache,
PAPL L1 DCW [. ga] Level 1 data n:ache Misses comldbe beneficial
PAPT L1 ICM [irteger] Lewvel | instruction cache misses T = S — —
: 3 _ Imieger ATTLOIT u) s 10ns Tetire
PAFT L2 DCM [rtege] Level 2 data cache misses (completed) per clock cycle  indicates
FA&PT L2 ICH [irteger] Lewel 2 instruction cache misses hottlenecks (g2 ops waiting for data fiom
Tite : memory). Possible solutions include  that
PAPT L1 TCM [. 2] Lewvel 1 cache st vty ths  problem  mclude  using
PAPT L2 TCM [irdeger] Lewvel 2 cache misses Hypertleeading on a node or utilization of
gperialized program wersion (e.g optimized
: . for 55E or AVE mstructions).
FAFT L3 TCM [rtege] Level 3 cache misses PSR o AV mstruetions)
PAPI TLBE M [mitege] Data translation lokaside buffer misses FLOATINGFOINT _OFS [integed] & high amount of floating pomdfaritbometic
-7 LRITHMETIC OP3 operations per clock cyele coupled witha lowr |
- - - - mpker of retired operations could be sobed
Hlages program wversion (e.g. changing platform to
PAF[ LT LOM fotea] Level T load risses i shared floating point units on AMD
= = i : Bulldozer architecture).
PAPT L1 5T [mtege] Level | store misses
: : ENERGY CONSULFTION [integzers] The BAPL interface allows reading of several
Mite _ 2 g
PAP L2 STM 2] Level 2 store russes CORE_TEMPERATURE erergy conswmption and thermal readings as
THEEWIAL SFECH well as the hardware specifications. This
FAF] SIL ICY Ftega] Cyvles with no Istruction sue SEFT ST ICY ] T T
PiFPL BRE_UCN [mnteger] Unconditional branch instructions FAFT BR_UCH tga] Tneonditional branch mstroctions
PAPL BRE CH [tege] Conditional branch instructions FEFl BE._CN ez Conditional branch mstructions
FAFI BE. TEHN [teger] Conditional branch instractions taken FAFI BE TEN [rtege] Conditional hranch mstrchions taken
PAFI BE. NTE [iriteger] Conditional hranch instructions not taken FAEI BR NTE [riteger] Conditional branch metrchions not taker
FAFT BR_LISP [Rteger] Conditional branch mstructions yispredicted |[FAFT BE_MSE [rteger] Conditional branch mstructions paspredicted
PAPI_BE_FEC [itege] Conditional branch instroctions correctly pre- || PAFT BE. PRC [teze] Conditional branch nstructions correctly pre-
dicted dicted
FAPI TOT I3 [teger] Instructions corapleted FPAFI TOT TIN5 [Erteger] Instroctions corpleted
FAFI FP INS [Erteger] Floating point instructions PAPI FP ING [Riteger] Floating point mstructions
FLFI LD INS [Erteger] Load instractions FLPI LD INS [friteger] Load mstructions
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DreamCloud: A new version of Supercomputing

51) DreamCloud Project Approach

e Power consumption

Channel id Board id Node Component Power
characteristic

0 0 node01 CPU1+RAM A

1 0 nodeO1 CPU1+RAM V

2 0 node01 CPU2+RAM A

3 0 node01 CPU2+RAM V

4 0 node01 PCle A

5 0 nodeO1 ATX (+12volt) A

6 0 node01 GPU1 A

7 0 node01 GPU1 V

8 1 node02 CPU1+RAM A

9 1 node02 CPU1+RAM V

10 1 node02 CPU2+RAM A

11 1 node02 CPU2+RAM V

12 1 node02 PCle A

13 1 node02 ATX (+12 volt) A
24 3 node01 Entire device Watt
25 3 node02 Entire device Watt
26 3 frontend Entire device Watt
27 3 NAS Entire device Watt
28 3 Infniband switch  Entire device Watt
29 3 Ethernet switch  Entire device Watt
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DreamCloud: A new version of Supercomputing
51) DreamCloud Project Approach

e Performance Profiles Representation in DreamCloud

Performance Profiles (Example in CSV)

timestamp;node;task;PAPI_TOT_INS:CPUO;PAPI_TOT_INS:CPU1

1418120193.4880380;n0de_1[perf];task_1;516680185;663789

1418120194.4996216;node_2[perf];task_1;663789;663714

1418120196.5121722;node_3[balanced];task_1;3805840;663405
1418120193.4880380;n0de_3[energy];task_2_1;516680185;623687
1418120194.4996216;no0de_9[perf];task_2_1;663789;655418

1418120196.5121722;n0de_3[perf];ta:mrm_no @5Stacked QSteam QExpanded @ mem_usad mem_avaii @ PAPI_TOT_INS PAPI_SP_COPS @PAPI_TOT_CYC

1418120194.4996216;node_9[perf];taszonm0.a

300,000.00

e Visualization

100,000.00

350.000.00

300,000.00

011171970
250,000.00 ® PAPI_TOT_CYC 393,113.00

PAPI_SP_OPS 0.00
200,000.00 B PAPI_TOT_INS 154,086.00
mem_avall 64.42
150,000.00 " B mem_used 3558
100,000.00 §
50,000.00 . =
0.00" .
0111711970 01M7/4970 01771970 017970 O4MTAS70  O1M7M970  OAA7AH970  01A7H970 0171970 0117
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DreamCloud: A new version of Supercomputing

51) DreamCloud Project Approach

e Molecular Dynamics (MD) Simulation Code — MS2

— Simulation of movement of atoms and molecules
— Massively parallel, on a per-particle basis

Adaptation Generation Evaluation
_ Phase Phase Phase
Persistent

Generate Generate Input
Individuals Data Sets

e
O

Compute
Intensive
(MPI)
Exit Check

Termination

0
.
LN o

Calculate
Fitness
Value

Rank
Individuals
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DreamCloud: A new version of Supercomputing

51) DreamCloud Project Approach

Submission Seheduling
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= = Request .
Al @_, T3 Workflow = : Scheduling
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>
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Workflow Deployment Progress Tracker
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DreamCloud: A new version of Supercomputing

(@ Conclusion

Main Results

» HPC is going to face new challenges related to data-centric
application expansion.

» Parallel programming models (mainly MapReduce and MPI) are
the key enablers of HPC to data-centric applications

» Reaching near-peak performance is going to be the major
challenge

Future Work

» Promote existing technologies, such as MPI, to solving new
challenges, such as Big Data.

» Making existing framework more data-centric.
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