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Overview about ZIH

Center for Ir}féu'mation Services &
High Performance Computing




ZIH Structure

= Director Prof. Dr. Wolfgang E. Nagel
= Deputy directors Dr. Bjérn Gehlsen and Dr. Andreas Knupfer

» 7 departments

= |n total over 160 staff including apprentices at 6 locations on the campus
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Topics overview

IT Services for
TU Dresden

Computational

Science Services

Research and
Development

* E-Mail, groupware, data exchange, backup etc.
* Software procurement

* Virtual machines, hosting
* Supercomputing
* Big Data methods

* Parallel programming and algorithms

« Campus network, internet uplink, phone network

* Performance optimization and scaling, energy efficiency, ...
* Data Analytics applications, machine learning, ...
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IT Services and the Service Catalog

= https://tu-dresden.de/zih/dienste/service-katalog

= Topic lists and service descriptions
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https://tu-dresden.de/zih/dienste/service-katalog

IT Service Catalog

= https://tu-dresden.de/zih/dienste/service-katalog

= Topic lists and service descriptions
» Target groups (students, staff, guests)
»  Specific service offerings
= Details about

Scope of servicesand options
Application and permissions
Condidtions and obligations
Accounting and costs

Service levels
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https://tu-dresden.de/zih/dienste/service-katalog

IT Service Katalog

Services for individuals
= PC work environment
= Software

» Campus network, wireless, VPN

= Phones

= Data storage

= Backup & archiving

= E-Mail

= Time sync. services

»  Printing, scanning, plotting
=  Manuals

» Data exchange

= Video and phone conferences
=  Maining lists

=  Groupware

= HPCaccess

= Service Desk

Services for departments

Central Administration of PCs and
PC pools

Directory services (AD/LDAP)
Authentication

Software licenses

Campus network connections
IP address mgmt., DNS
Firewalls

Remote Support

Data exchange

Server hosting, VMs

Service monitoring

Further service providers

Information security unit
Media center
Central University mgmt.
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Self Service Portal

Self Service Portal

https://selfservice.zih.tu-dresden.de/

« Booking IT services

» Fully automated or
with approval

« Requires ZIH login

Dienst

Portal

Beschrelbung
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Zugangsvoraussetzung

ZIH-Benutzer-Login

Login-Antrag

Antrag fur ein ZIH-Login
generieren

ZIH-Login tber IDM
verlangemn

Im IDM kénnen Sie ab
sofort Gaste und
Funktions-Logins
verlangern, fir die Sie als
Kontaktperson
zugeordnet sind.

ZIH-Passwort andem

ZIH-Passwort im
IDM-Portal andern

Arbeltsumgebung

Telefon

Sammlung
Telekommunikations-Daten_

Telefondaten ansehen

 und ggf. notwendige
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HPC Resources at ZIH

HRSK 11 2015

— ~ 44,000 cores Intel (mostly Haswell)
— 256 GPUs Nvidia Tesla K80 +

— 44 GPUs: Nvidia Tesla K20

— 136 TB RAM, >5 PB scratch file system

HPC-DA extension 2018
— 22 Machine Learning nodes IBM AC922

— 2 PB NVME storage (90 nodes, NVMEOF)
with 2 TB/s bandwidth in total

— 10 PB Object Storage
Follow-up extension in 2019 (approx. 4 M€)
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HPC-DA Extension 2018

HPC-DA extension towards extremely fast I/0
— Redesigned one compute island of HRSK I 10 PB

— Strong focus on highest bandwith and low latency SObJ'ect
torage

— 612 existing CPU compute nodes

— 22 new Machine Learning Knoten IBM AC922
— 2x Power-9 CPUs, 6x NVIDIA V100 GPUs, NVLink e

— 90 NVME storage nodes
— Each node with 8 3,2 TB PCle x4 NVME cards 612 CPU Nodes
— Dual-link EDR IB, NVME over fabric (24 core Haswell)

— 10 TB Object Storage with 50 GB/s

[sland Switch

22 IBM AC922
ML Nodes
(2 Power 9 CPUs,
6 NVIDIAV110)

Storage Nodes

(2 PB PCle NVME) New Data
Analytics Island
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HPC-DA ML Nodes

Hardware

— 22 IBM AC922 nodes

— 2x POWER9 CPU, 22 core, 4-way HT
(176 threads per node in total)

— 2.80 GHz, 3.10 GHz boost

— 256 GBRAM DDR4 2666MHz

— 6x NVIDIA VOLTA V100 with 32GB HBM2

— NVLINK with 150 GB/s between GPUs
and between host and GPUs

— CPUs and GPUs direct water cooled
— 0.4 TB/s aggregated bandwidth to NVME nodes

Image: https://www.ibm.com/it-infrastructure/power/accelerated-computing

e
/= TECHNISCHE |
g:lli\;%REﬂTAT Forschungslinie - Einfihrung in die Forschung, ZIH, 2019-07-08 Sca DS ﬂ LH

DRESDEN LEIPZIG



HPC-DA NVME Storage Nodes

Hardware

90 NVME storage nodes

2 sockets Intel Xeon E5-2620 v4
(16 cores each, 2.10GHz)

64 GB RAM

8x Intel NVMe Datacenter SSD P4610,

3.2 TB, PCle 3.1 x4 3DNAND ME 2.5" U.2,
3,2 GB/s (8x 3.2 ==25.6 GB/s)

2 Infiniband EDR links, Mellanox MT27800,
ConnectX-5, PCle x16, 100 Gbit/s each

8x 3.2 GB/s

| XEON'
kel |

8x PClev3.1 x4

)
2x EDRIB: 25 GB/s

2x PClev3.1 x16

|

90 x

90 NVME
storage nodes

in total

2 TB/s

peak
bandwidth
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HPC-DA NVME Usage Models

Allocation strategy Separate BeeGFSes in own NVME lease

— NVME shares allocated as long-term — Instantiate separate BeeGFS
“NVME leases” (weeks to months) — Granularity of %2 or 1 NVME nodes,

— Granularity of 1/8™ node (1 NVME card) including the EDR links and the CPU cores
or full NVME nodes — Separate MDSs an OSTs for this FS

— No meta-data interference with everyone else
— Full nominal bandwidth per NVME node*

— Have it mounted automatically to
compute jobs of your HPC project

* Currently aggregated speed still limited
due to IB routing issues.
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HPC-DA NVME Storage Nodes

NVME over fabric to compute nodes Own services
— Assign to compute nodes in n:m way — Run own services on NVME nodes,
— NVMEof provides local block devises preferably data or storage services
with < 300 ps random access latency
— Need to manage (exclusive/parallel) accesses — Reduced total IB bandwidth
on your own! (through mmap or local FS) between the NVME nodes

— Consult HPC admin team
in case this seems promising to you

Compute
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Software for HPC-DA: Modules and Containers

Software modules

— Long list of software packages,
multiple versions each,
dependency management
— Open Source SW,
scientific community software packages,
commercial SW
— Application software,
libraries,
software tools
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Singularity containers

Tailored software
environments that

you can take with

you or share with others

Can be defined/built
on top of each other

Cannot combine two
existing containers

Challenge to build containers for Power9
because few have Power9 laptops ® yet.
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Research Fields

Center for Ir}féu'mation Services &
High Performance Computing




ZIH Research Topics

— Scalable software tools to support the optimization of applications for HPC systems
— Data Intensive Computing and Data Life Cycle

— Performance and energy efficiency analysis for innovative computer architectures
— Distributed Computing and Cloud Computing
— Data analysis, methods and modeling in life sciences

— Parallel programming, algorithms and methods :
/ﬁ—-_\'\

ZIH

Center for Infarmation Services &
High Performance Computing
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Topic: Scalable Software Tools to Support the Optimization of
Applications for HPC Systems

— Vampir: Visualization and analysis of
parallel applications

— ProPE: Process-Oriented Performance Engineering
Service Infrastructure for Scientific Software

— NextGenlO: Next Generation I/O for Exascale

— Score-P: Scalable performance measurement
infrastructure for parallel codes

— Perf: System and application tracing on Linux

— Virtual Institute - High Productivity
Supercomputing (VI-HPS)

— DataHeap: Embeding external performance data
in program traces
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Topic: Data Intensive Computing and Data Life Cycle

— ADA-FS - Advanced Data Placement via
Ad-hoc File Systems at Extreme Scales

— EMuDIG 4.0 - Factory sensor monitoring
— EXPLOIDS - Monitoring tools for IT security
— GeRDi - Generic Research Data Infrastructure
— High Performance Deep Learning Framework
— MASI - Metadata Management for Applied Sciences
— IT support projects for SFB/TRR 205 and SFB 940
— ScaDS Dresden/Leipzig - National
Big Data competence center
— VAVID - Comparative Analysis of
Engineering Measurements and Simulation Data

DRESDEN LEIPZIG
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Topic: Performance and Energy Efficiency Analysis for Innovative
Computer Architectures

— READEX: Runtime Exploitation of
Application Dynamism for Energy
Efficient Exascale Computing
— HAEC: Highly Adaptive Energy
Efficient Computing
— FIRESTARTER: A processor stress test utility
— HDEEM: High Definition Energy
Efficiency Monitoring
— SPEC: Standard Performance
Evaluation Cooperation
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Topic: Distributed Computing and Cloud Computing

— UNICORE - Middleware for distributed
computing and data
— VAVID - Comparative Analysis of Engineering
Measurements and Simulation Data
— Chemomentum: Grid based software for complex
chemistry workflows with a focus on data and
knowledge management
— D-Grid Integration project (DGI 1 and 2), European Middlew:
— FutureGrid: Experimentel test and development environmel
— GeneCloud: Secure semantic high performance cloud comp
— HEPCG: High Energy Physics Community Grid

DRESDEN DRESDEN LEIPZIG
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Topic: Data analysis, methods and modeling in life sciences

— Standardising the exchange of multicellular
models in computational systems medicine

— Collective motion and swarming

— Stochastic processes, interacting cell systems
and cellular automata

— Tumour development

— Endocytosis and systems biology

— Spatio-temporal pattern formation
in cells and tissues

— Regeneration
— Bone remodelling

DRESDEN LEIPZIG
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Parallel programming, algorithms and methods

— DASH: Hierarchical Arrays for Efficient and
Productive Data-Intensive Exascale Computing

— High Performance Deep Learning Framework

— IPCC: Intel® Parallel Computing Center TU Dresden

— GCoE: NVIDIA GPU Center of Excellence

— MEPHISTO - Metaprogramming for
Heterogeneous Distributed Systems

— PARADOM - Parallel Algorithmic Differentiation
in OpenModelica

— ScaFES: Scalable Framework for Explicit Solvers

— OpenMP and OpenACC Standardization
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Selected Research Topics and Results
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Parallel Performance Analysis Tools

Center for Infarmation Services &
High Performance Computing



Parallel Performance Analysis

Enable or improve computational sciences
— Throughput

— Responsetime

— Scaling

— Quality

— Additional functionality

— Reliability

— Development Cycle
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Performance Consulting is a Cyclic Process
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Analyzing Unexpected Memory Demand
Analysis (1) —
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Analyzing Unexpected Memory Demand
Analysis (2) -
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Analyzing Unexpected Memory Demand
Analysis (3)
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Analyzing Unexpected Memory Demand
Analysis (4)
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Analyzing Unexpected Memory Demand

Analysis (5)
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Analyzing Bottleneck in Multi-Stage-1/0
Analysis (1)

o0 e W Comparison View

Timeline (A% Function Summary Function Summary
755 1008 1255 150 e 175 e All Progesses, Accumulated Exclusive Time per Function ... All Processes, Accumulated Inclusive Time per Fu...

0s 255 505
15s 0s

ne_put_vara_fioat
ne__open
read

Al Processes, Exclusive Time per Function Graup

POSI...META [5.87%]

ne_get_vara_fioat
ne_close
ne_create.
ne__create
nc_open
ne_ing_varid
ne_ing_vamndims
43.27 ms | open64

[85.01%]

Function Summary Function Summary
. Number of ions per Function All Processes, Number of Invocations per Function
a 10k Sk 0

fapen 1,285 | fopen

fread 1255 | fread

nc__open 1252 | nc__open
no_close o 1,373 [ no_olose

Al Processes, Exclusive Time per Function Group "f-_si_ﬂm_x: 1950 ﬂf-_sz_'arﬂ_x:

ne_put_vara_f [3806 | nc_put_vara_f
apen 1,481 apen

...... Function Summary Function Summary
All Processes, Accumulated Exclusive Time per Function ... All Processes, Accumulated Inclusive Time per Fu.._
105 0s

20 % =

0% POS...API [14.8%]

1103 s " read
240 * nc_get_vara_fioat

2781s [ | nc_pul_vara_float

r thread, Values of Metric "ru_inblock” over Time

1.198s [| nc__open
c1Tn 10295 || fread
- 07285 || write
295 & 0.192 s | nc_open
o 56,859 ms | nc_ing_varid
% 150k 54.387 ms | nc_ing_varndims
ok 51.488 ms | nc_close
46.823 ms | nc_ing_path
oMia A A A A ACA A ‘ A A i . piication [83.48%] 37.320 ms | opené4
21,572 ms | nc_ing_var

149s 350k

TECHNISCHE | %3
UNIVERSITAT Forschungslinie - EinfUhrung in die Forschung, ZIH, 2019-07-08 ScaDSﬁl &
DRESDEN DRESDEN LEIPZIG B

i Purformar s Sumputing




Analyzing Bottleneck in Multi-Stage-1/0
Analysis (2)

[ EoN ] W Comparison View
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Analyzing Bottleneck in Multi-Stage-1/0
Analysis (3)

e0e ' Comparison View
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Analyzing Bottleneck in Multi-Stage-1/0
Analysis (4)

ece W Comparison View
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Load Balance Analysis of Weather Forecast Model
Analysis
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Load Balance Analysis of Weather Forecast Model
After Tuning
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Load Balance Analysis of Weather Forecast Model
Comparison

W Comparison View
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Analyzing Instructions per Cycle with Custom Metrics
Analysis (1)
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Analyzing Instructions per Cycle with Custom Metrics

Analysis (2)
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Analyzing Instructions per Cycle with Custom Metrics
Analysis (3)
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Analyzing Instructions per Cycle with Custom Metrics
Analysis (4)
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Information in the Spark Dashboard

— Easily usable (no extra tools needed)
— Overview over general information
— Limited usability for performance analysis (“Why and where is it slow?” remains unanswered)

s'p"aﬁ 231

Spark Jobs (!

User: jfre
Total Uptime: 1,8 min
Scheduling Mode: FIFO
Completed Jobs: 14
~ Event Timeline
¥l Enable zooming
Executors
[ Added
[ Removed

Jobs
|| Succeeded
[ Failed

Running

Jobs Stages

Executor driver added
Executor 0 added

5
3 June 17:35

DenseKMeans with Params(hdfs://s... application Ul

Environment Executors
| count at Densekmeans scala98 (30 0) | @ @ ap | fap at KMeans scala298 (Jon [ cotectasn
| sum at KMeans scala:374 (] | countByValue at KMeans scala 200 (Job 7)
10 15 20 25 30 35 40 a5 50 55 0 5 10 15 20 25 30 35 40 45 50

3 June 17:36

TECHNISCHE
UNIVERSITAT
DRESDEN

Forschungslinie - EinfUhrung in die Forschung, ZIH, 2019-07-08

ScaDSn‘_l—Il

ZiH

DRESDEN LEIPZIG o

3
g



Information of the Spark Dashboard in Vampir

— Overview over general information, easier to access information about tasks
— Limited usability for performance analysis (“Why and where is it slow?” only partially answered)
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Score-P-based Measurement

— Collection of execution details, e. g. method entries and exits, threads
— Combination with stage and task information required
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Further Topics

— Run-time monitoring with little overhead

— Support for upcoming hardware architectures (new CPU type -->small changes,
introducing GPU computing --> major changes, close cooperation with vendors)

— Code instrumentation

— Sampling

— Profiling and Event Tracing data formats

— Automatic detection of typical performanceissues

— ProPE: Continuous parallel performance monitoring, looking for abnormal
performance behavior

— LO2S: Performance monitoring via sampling with Linux perf
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Motivation

Domain Scientist HPC Expertise

— Specifics of data/information: — Adoption of workloads to larger and
formats, content, error handling more powerful infrastructures
— Combine theory-driven models — Optimization of workloads / parallel
with experimental data applicationsto infrastructure
(e.g. simulationvs. exp.) — Support for use of hardware/software
— Often knowledge not well formalized layers (parallel programming,
(“in the experts head") filesystems, communication),
— Little or no HPC background but not on content

— Little or no domain knowledge
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Motivation

APPLICATION Mahout, R and Applications Applications and Community Codes
LEVEL
, Hwve  Pig  Sqoop Flume FORTRAN, C, C++ and IDEs
=
z
2 Map-Reduce Storm Domain-specific Libraries -
MIDDLEWARE & = = % o,
MANAGEMENT = E Hbase BigTable =2 MPI/OpenMP Numerical Performance & 5
©w £ (key-value store) +Accelerator Libraries Debugging )
- > Y Tools (e.g., PAPI)
=. =
= = - Lustre (Parallel Batch Scheduler 5‘*’%‘“‘?‘
':'_t*_ HDFS {Hadoop File System) File System)  (e.g., SLURM) Mc;_gr‘t)?;mg
[1=1
=
= : . . .
e Virtual Machines and Cloud Services Containers
Containers (Kubernetes, Docker, etc.) {Singularity, Shifter, etc.)
SYSTEM
SOFTWARE
LINUX OS VARIANT LINUX OS VARIANT
Ethernet Local Node Commodity X86 Infiniband +  SAN +Local  X86 Racks + In-situ
CLUSTER Switches Storage Racks Em L) GPUsor — processing
HARDWARE 9 Swiiches Storage  Accelerators

DATA ANALYTICS ECOSYSTEM COMPUTATIONAL SCIENCE ECOSYSTEM



Motivation

Domain Scientist

— Most important: bring experts from both sides
together to investigate requirements of data-
intensive applications and derive solutions

— Connect experts and applicationdomain scientists
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Motivation

Domain Scientist

ScaDS Dresden/Leipzi :
pzlg Service Center
Integrative Realization
— National Competence Center and Research
for collaborative Big Data

driven research Visual Analytics
— Established 2014 in Saxony: |:| :l
TU DrESden, Univ. LEipZig, Big Data Integration & Analytics
| Hardvare-based Dat Security

& Federal Ministry Scalable and secure Data Platforms
of Education
SC a D S o I I and Research

o
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Visualisation of Climate Data

Temperature at Station Fichtelberg EH5_L1_A1B(00) 1961-2100

WEREXV Statistical Downscaling+ IPCC projection B

— Rapid economic and population growth S U I

— Quick spread of new & efficient technologies e

— Convergentworld - income and way of oct N Mar

life converge between regions, extensive
social and cultural interactions worldwide

— A balanced emphasison all energy sources

Sep Apr

Daily Mean Temperature [°C] Fichtelberg 1961-2100
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Spatial and temporal dynamics of flood risks

Climate Ensembles Hydrologic Modelling
Estimation of flood risk .
. precipitation §-
due to climate change ’ fim;zz
and the expected damages . g
— Climate scenarios T w R W W W
— Hydrologic modelling Hydrodynamic Modelling Damage Modelling

— Hydrodynamic modelling

Damage Modelling

5691000 5692000 5693000 5694000
i L L 1

T T T T T
338000 339000 340000 341000 342000 343000
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Platinum genome assemblies - The Bat1K project

Goal: Catalog the unique geneticendowment and diversity presentin all living bats
— understand the molecular basis of their unique adaptations

— link genotype with phenotype

— uncover their evolutionary history

— better understand, promote, and conserve bats.

e
/=, TECHNISCHE
f UNIVERSITAT Forschungslinie - Einfihrung in die Forschung, ZIH, 2019-07-08 Sca DS ﬂl LH

DRESDEN DRESDEN LEIPZIG



Multiple DNA sequencing technologies

1. Genome Assembly based on noisy long reads

5 |m Avg. Length Application
PacBiolongreads Contig

2. Scaffolding: order and orient contigs by using multiple sequencing technologies with increasing
long-range information

> F—— -
10x Genomicsread
clouds

= CMAP

— s MultiMb
 e—— R B 150 - 400kb RN T R E——————
Bionano Optical Maps - —

' ‘ Chromosomes ;

Hi-C read pairs
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Assembly pipeline

Detect and correct sequencingartifacts within PacBio reads,
e.g. chimers, missed adapters, low quality read segments

Calculatelocal alignments between patched reads, followed by
several overlap scrubbing phases and generation of an overlap
1 graph. Contigs are generated by touring the overlap graph.

_ Correct base errors and haplotype phasing
1 by using PacBio reads and 10x read clouds.
_ Order and orient contigsinto Chromosomes by using

Bionano optical maps and long-range Hi-C read pairs.
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Assembly pipeline - runtime

@ Read Patching @ Assembly @ Error Correction @ Scaffolding

1500 2000 2500
Cumulative CPU Time (in days)

>

Assembly Pipeline (149 )obs)

Start

e
TECHNISCHE 0.0001 0.001 0.01 0.1 1 10 100 1,000 10,000 >
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Overview READ EX'_

Runtime Exploitation of Application Dynamism
for Energy-efficient eXascale computing

—Tools aided methodology

—Automated energy efficiency tuning of parallel applications
—Dynamically adjust system parameters to actual resource requirements
— Co-design approach

VIl NUI Galw
0 B ®BNTNU
/j IT4Innovations
. ) national
( intel TI.ITI 9@ TECHNISCHE (50000 i
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Overview

Design-Time Analysis

— Periscope Tuning
Framework

— ldentify significant
regions and
runtime situations

— Test tuning
parameters

— Detect optimal
configuration

— Write tuning model

Instrumented Application

Score-P

A

Design-Time

L

Tuning Model

PTF

READEX Runtime Library (RRL)

READEXZ

Runtime Exploitation of Application Dynamism
for Energy-efficient eXascale computing

Runtime Tuning

— READEX Runtime
Library

— Uses tuning model
from DTA

— Detect runtime
situations

— Adjusttuning
parameters for
energy efficiency

— Calibration of tuning
model
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Hardware Analysis and Control READEX:-.

Runtime Exploitation of Application Dynamism
for Energy-efficient eXascale computing

— Background in computer and processor architecture
— Determine low-level side effects

— Determineinfluence of power saving mechanisms
— Provide access to low level hardware parameters

READEX

*|nstrumentation

Linux Kernel Module Processor

*Provide access to hardware * Performance and Power knobs

*Uses low-level power saving
mechanisms

*Support for different processors *Energy counter
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Energy Measurement READ EX=_

Runtime Exploitation of Application Dynamism
for Energy-efficient eXascale computing

—Various back-ends for measuring energy
—Used by READEX during Design-Time or Runtime (online-tuning)
—Can also be used for energy-efficiency analysis with Score-P

Energy measurement
* RAPL

Score-P Metric Plugin * APM
* EXAMON
* HDEEM
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Score-P Substrate Plugins READEX:.

Runtime Exploitation of Application Dynamism
for Energy-efficient eXascale computing

—Use Score-P instrumentation for other purposes (e.g., tuning)
—Consume instrumentation events and metrics
—Plugins can synchronize data over processes independent of paradigm

Substrates
* READEX Runtime Library

Score-P Instrumentation Score-P Substrate Plugin Interface * Event Flow Graphs
+ De-instrumentation via code modification
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READEX Runtime Library READEX:=

Runtime Exploitation of Application Dynamism
for Energy-efficient eXascale computing

—Consumes Score-P Events
—Applies configuration changes during Design-Time and Runtime

—On-line tuning for unknown regions or standalone application without
Design-Time

Score-P >core-P Hadles Linux Kernel

Substrate Plugin Runtime Processor

Instrumentation Interface Library Module

=
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READEX Results

READEXZ

Runtime Exploitation of Application Dynamism
for Energy-efficient eXascale computing

File Edit Chart Filter Window Help

[ ..._readexftraces...
[ ...out_readex/tra...

3035 |3035
0'505's

30.25 s

Master thread

node taurusi6441, Values of Metric "hdeem/BLADE" over Time

300

+0.05 s

Timeline [

x
+0.10s +0.15 s +0.20s +0.25 s +0.30s +0.35s +0.40 s +0.45 s T

250

=

200

150
100

Master thread

1—
3—

=

node taurusi6441l, Values of Metric " hdeemeLADE over Tlme

300
250

200 ™

150

100

T
30.458s 205

Power consumption of a untuned(top)and tuned(bottom) NAS BT.C benchmarkrun
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READEX Results READEX:

Runtime Exploitation of Application Dynamism
for Energy-efficient eXascale computing

Energy Consumption

140%
120%
100%
80%
60%
40%
20%
0%

/)).
S L
mmm Default Energy Consumption éEnergy Consumption With READEX —e=RRL runtime related to default
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Open Source Software
Morpheus - GUI-based Simulator for 3D Computational Biology

® - © Morpheus - PCP_gradient.xml (
[omen [sme oa I I M M
Documents I I I I I I
Name/symbol Valoe O e a e W I I S a e rS O
—— =  E—
Cescription e ity : A ((C0)/ (ehecmagrLxcn)) - de
e ) Vembraneropaty < . .
L > MembraneProperty < .
e | = ¢ Inux, Winaows, Mac
Propertyvector polc= 000, .
CellPopulations. Propedy o= 00 ! 4
Constant sigma = 10
Paramsweep Constant otation = 0s o o
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S e ik & o °
Constant he 10
JobQueve 2% Constant n= 4 Symbol Description = o L4 °
e s ~ v Diffean da/de= f -
> [ NotchMotility L s C
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& o Qoo b e /@ © N
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Job 30461 POE output
 Job 30460 Cellpopultions .
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= - -~ ® plotoo00png 2228 ¢ ?
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Enabling Collaborative Research

° ¥ News Documents Downloads Forums Community Events About B ¥
MultiCellML - Standard Model Language
Parent pages: SBML.org/ Facilities / SBML Test Suite Database

SBML Test Suite Database

Test Results: Morpheus 2.1

— Goal: Enable collaborative research and reproducibility of Recus were ubmitzod o Horahats on Fida, ey 16, 2015
Results were generated for the following SBML [ evel+Version: Highest.

simulation studies through MultiCellML and model repository Horsheus 2.1 supports the g psckage(s): o

Murpheu_'i 2._1 does notsup?ofr the following tag(s): AlgebraicRule, CSymbolAvogadro, CS
— Build on success of SBML model language Sy, Rasenctn B
for biological networks

— Morpheus is 1 of world-wide 12 certified SBML simulators
(Fig.: Morpheus' SBML-compliance certificate)

— Morpheus is world-wide the only of these
simulators that also runs spatial tissue models

— Morpheus is world-wide the only simulator of spatial
multicellular models that is able to completely define such
models in a declarative language (XML)
instead of execution code

— Project MultiCellML: Generalise Morpheus’ solution
such that different simulators can exchange

Show all Show passed Show failed Show unsupported Show missing

Tests of SBML Core

i H Geford
models in the MultiCellML language elordertvom
. * El.'uanfdsmmlstenum
— Contact: Dr. L. Brusch by PP e e R R

Tests of the Hierarchical Modelling Package
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Data to Models
FitMultiCell - Parameter Estimation from Microscopy Data

Live imaging Morpheus

: Donor Target Collagen
E \ ,

Computational adaptation
using pyABC

— Goal: Enable parameter estimation for stochastic biological models

— data-intensive and compute-intensive

— Approximate Bayesian Computation in open source pyABC framework addresses data challenge,
— Parallel implementation of Morpheus addresses compute challenge £ | Sundosminisirum
— Contact: Dr. L. Brusch I pr cling

und Forschung

Geférdert vom
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End stage renal failure

— 3.2 million patients with end stage renal failure world-wide

— Life-saving therapy: dialysis or kidney transplantation

— Dialysis: high morbidity and reduced life expectancy, low quality of live, high costs
— Transplantation: best therapy, but limited access and limited graft survival

100
S0
BO
70
G0
50
40
30
20

10
i

% Survival

Years Post-transplant
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Graft Biopsy as Gold Standard for Diagnosis

— “One-time stop”to
diagnose all pathologies

— No continuous monitoring

— Invasive and costly

— Poor inter-observer concordance

— Despite an elaborate classification
system: Very often diagnostic
vagueness

o
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Machine learning and modeling approach for diagnosis

ABMR ROC curve

and prognosis of kidney transplantation -

[=]
(]

=]
=]

Combined machine learning and modeling approach:

[=]
FeY

True Positive Rate

=]
L8]

Gene expression data from rejection and no-rejection e e s — 0 am)
biopsies + machine learning = genetic rejection criteria O oy or  os o5 1o

False Positive Rate

Reconstruction of hypothetical biological rejection s
mechanisms underlying two rejection phenotypes, - .

based on machine learning-based dimensionality % e °

reduction e s

In silico testing of proposed mechanisms with non- e

spatial ODE modeling and spatial LGCA modeling and
comparison with biopsyimaging data
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Spectrum of Computing Architectures

Supercomputer Cluster Manycore Server Notebook Mobile
100 000+ cores 1000s of cores 10s of cores  2-4 cores 2-8 cores

Distributed Memory (DM) X 2> > Shared Memory (SM)

DM programming: MPI, SM programming: OpenMP, Pthreads,
Charm++, ... Cilk, TBB, ...
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Shared Memory vs. Distributed Memory Programming

-
- —_—

z R\
<- - -——->
M.Sys M.Sys M.Sys
EER
Node 1 Node 2 Node N

Message Passing

Performance,
runs everywhere

emm Productivity

O Process/Thread

Physical mem.

Logically private
Logically shared

- Read/write
— = Message

o -
I

Memory System

Node

Threading
CD: Productivity

@® | ocality control,
limited to SM hardware
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PGAS - Combining the Advantages of both Approaches
PGAS: Partitioned Global Address Space

PGAS Languages
O Process/Thread Chapel, CoArray
Physical mem. Fortran, UPC,

Mem. Sys. + PGAS Runtime Layer
Logically private . .
Logically shared il Il PGAS Libraries
-<—»> Read/write (local) Global Arrays (GA),
A Node 1 Node 2II ) Node N GASPl' OpenShmem’
MPI3.0 RMA

CD:’ Locality control, runs everywhere,
performance and productivity
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So you‘d like to write parallel HPC codes in C++?

HPC programming today MPI disregards C++

— Large scale parallelism — Data distribution, data transfers, and

— Heterogeneous architectures synchronizationdeeply entangled

— Hybrid parallelism --> — The MPI C++ bindings deprecatedin
multiple sources of complexity MPI 2.2 and removed in MPI 3.0*

o — In C++ MPI codes you actually

— MPI+X as d.ommatlng parallel need to use MPI's C AP
programming model , — C++ conceptslike STL containers,

— Node-level model X strictly iterators, and even basic data types
needed for portability and are incompatible with MP!I!
performance portability

— What if you bet on the wrong one? ;m(tﬁnfé S}\?VghségZ;%-;gﬂjﬁgg‘gwhaynCe/the-m pi-c-

QEEV:'{,‘RL%%% Forschungslinie - Einfiihrung in die Forschung, ZIH, 2019-07-08 égpggzéﬁ ) Z|H )



DASH C++ Template Library for Parallel Programming

— C++ templatelibrary for
application programmers

— Distributed data container classes

— Similar to the C++ STL container
classes, compatible

— Built-in knowledge about distribution

— Algorithms similar to STL on
distributed containers

“' Ij www.dash-project.org
Distributed Data Structures

and Parallel Algorithms

£ TECHNISCHE
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DASH Application

DASH C++ Template Library

DART API

DASH Runtime (DART)

One-sided Communication
Substrate

MPI (SHMEM (CUDA) (GASPI)

sa9dejiaju| pue sjool

Hardware: Network, Processor,
Memory, Storage
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DASH Array

DASH n-dimensional array

— Global random access with
begin (), end() and []
... via slow element-wise get

— Dedicatedlocal access with
myarray.local.begin() / .end()
and .local[] ...directand fast

— Configurable data distribution
patternsin n dimensions

— STL-like algorithms considering
actual data distribution patterns

TECHNISCHE
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private

shared

Forschungslinie - Einfihrung in die For:

node 0 node 1 node 2 node 3
int mine; int mine; int mine; int mine;
arr arr arr arr
011]2 31415 61718 9 (10|11
shared shared
local remote
Unit 0 Unit 1 Unit 2 Unit 3
r begin() r begin() r begin() r begin()
Lfegin() Lfegin() Lfegin() Llfegin()
L 510 4 8 12
1 5 9 13
2 6 10 >
3 7 11
I R R enc
Lend() L end() Lend() L end()
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Research Data Managment at ZIH:
Generic Services

OpARA - Open Access Repositoryand Archive

— Research Data Repositoryfor TUD and
TUBA Freiberg, HTW Dresden to follow

— Open for all Researchers
— Funding by SMWK

MASI - Meta data management for Applied Sciences
— Scalableresearch data management
— Funded by DFG

— Use Cases from Chemistry,
Environmental Sciences,
and Humanities

3’:_§s‘
@
n
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Research Data Managment at ZIH:
Together with Application Scientists

IT infrastructure project in SFB 940 (Neuroscience)

— Virtual research environmentswith focus on data cocN.ﬁSk'ﬂS&‘fi@i"é‘f’ff' oouLATo:
management

— Image data (fMRT), EEG ...

IT infrastructure project in TRR 205 (Medicin)

— Virtual research environmentswith focus on data }{"‘f/
management "

— Experiment data from tumor studies...

EMuDIG 4.0 - IoT for heavy industryforging processes

— Sensor data in production environments, statistical EMuDig4.0
analysis and machine learning .

— Cloud environment for data analytics

e
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Kontaktstelle Forschungsdaten flir die TU Dresden

Jointinitiative by SLUB, ZIH, IGEWeM (Institut
fur Geistiges Eigentum, Wettbewerbs-und
Medienrecht), and TUD-CERT

Contact
eMail: Kontaktstelle-Forschungsdaten@tu-
Councelingand supportfor researchers: dresden.de
— Organisation of RDM, https://www.slub-
data management concepts dresden.de/en/service/knowledge-
— Metadata bar/thema/gbLlist/34/
— Tools https://tu-dresden.de/forschung/services-
— Archiving fuer-forschende/kontaktstelle-
— Data publication forschungsdaten

— Legal matters, ...
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https://tu-dresden.de/forschung/services-fuer-forschende/kontaktstelle-forschungsdaten

Further Topics

— NextGenlO: Programing for non-volatile memory (NV-DIMMs)
— HP-DLF: Highly Parallel Deep Learning Training

— HDEEM: High Definition Energy Efficiency Monitoring

— GCoE: Dresden GPU Center of Excellence

— IPCC: Intel Parallel Computing Center

TECHNISCHE
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Backup: Further Selected Results from
Computer Science and Computational Science
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Courtesy of Dr. Michael Bussmann et.al.

Novel Particle Accelerators and
Highly Scalable GPU-based Simuilation
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Laser Wakefield Acceleration Experiments at HZDR P mrAm
(o

J.P. Couperus et al.: Demonstration of a beam loaded nanocoulomb-class laser wakefield accelerator. Nature Comunications 8.1 (2017) HELMHOLTZ

A.Irman et al.: Improved performance of laser wakefield acceleration by tailored self-truncated ionization injection. LPAW proceeding ZENTRUM DRESDEN
pp.1-13(2017) ROSSENDORF

— Advanced method of
electron acceleration
— Based on highly non-linearlaser ; ’ S |
plasma interaction (g
— Requires large scale particle-in-cell

‘W‘ I ?\“ “x
s [

Simulations accompanying
experiment at HZDR

simu |ati0n for mOdel | ng 450, Gauss-Laguerre laser pulse . Gauss laser pulse
— Hundreds of simulations on o) | e PN g

1234567
40 ppt.

up to 146 K80 GPUs performed with 3 20
PIConGPU at Taurus/ZIH & 150

higher charge
less energy

| less charge
ihigher energy

up-ramp

501 | |
Tuned with = - ' ' :
P | Co n @w ' i, i %‘2‘ ol earlier T ) IS dater

w 0 ionization ionization
k- 1.0 15 2.0 2.5 3.0 1.5 2.0 2.5 3.0

z[mm] z[mm]

. NVAMEIR
Vi d eo Studying the influence of higher order laser modes
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picongpu.mov

effective parallel I/O throughput Tig

Laser-lon Acceleration with Mass-Limited Targets Na—

P. Hilz, T.M. Ostermayr, A. Huebl et al.: Isolated proton bunch acceleration by a petawattlaser pulse. Nature Comunications 9.423 (2018) ﬁ HELMHOLTZ
A. Huebl et al.: On the Scalability of Data Reduction Techniques in Currentand Upcoming HPC Systems from an Application Perspective, ZENTRUM DRESDEN
ISC'17, LNCS 10524 ROSSENDORF

— 3D simulation of novel, fully isolated target for laser-ion acceleration
— 15 M CPUhrs (Y2 MGPUhrs), INCITE Award Highlight
— PByte-Scale /0 through ADI@S at Titan/OLCF

, B12[2048 -49.2 0.02
%  ADIOS: no transform 256(1024 7r

100 PHDF5 with T3PIO e
] 291195 -28.7+ 3
] 32|128 N
| 16]64 */ 1 PByte / run 0.01 7
- 52 g ;
2 ] A . — -8.2f : v
= 28 A 5 60 160 | = - 7 lo.00 |
/M 1, /* , 160 25'/ checkpoin [N A
‘g‘ 1|2/* 128 12.3| Lk prolon energy j £
| _n— LCF == v
O 1 . *—* 4 DAk RIDGE LEADERSHIP Cnupm N _0.01 N@
T 32.8| ! W

labels: no. of OSTs )
1 2nd argument: ADIOS aggregators
0.01 = -0.02

-16.0 46 251 456

1 10 100 1000 10000
y [Ao]

number of GPUs N



TECHNISCHE 7N
@ UNIVERSITAT DRESDEN
DRESDEN o conee 3 N

Performance Evaluation of GPU Applications
Kepler K40 | Pascal P100 | Volta V100

< NVIDIA.

GPU
CENTER OF ZIH

EXCELLENCE

—U—h
—h_

Hgt



Bandwidth Improvements

Experiments done with gpumembench

< NVIDIA.

GPU

— throughput=measured, bandwidth=theoretical peak (load operations) CENTER OF
EXCELLENCE
Bandwidth GB/s Throughput GB/s
16.000 14.132.131 16.000
14.000 14.000 13.343
* .164
12.000 12.000
10.000 9519 10.000 9288,12
8.000 8.000
6.000 4760 B 6.000
4-000 2.738 | [ | [ 4.000 2.852 2379
1.369 | |
2.000 ,,, 732,1 S9% 2.000 389 5y
o —EE == - |
K40c P100 V100
K40c P100 V100 K40: L1+Smem unified
P100: L1+Tex Cache unified
Hgmem HL1 smem Hgmem HL1 smem V100: L1+Tex+Smem unified
TECHNISCHE —l e
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Bandwidth Improvements <ANVIDIA.

Experiments done with gpumembench GPU
throughput=measured, bandwidth=theoretical peak (load operations) CENTER OF
EXCELLENCE
Throughput GB/s Bandwidth GB/s
16.000 16.000 14.134.131
14.000 B35 14.000
12.000 12.000
10.000 9288,12 10.000 2559
8.000 8.000 — .
(estimated)
6.000 6.000 4760
4.000 2.852 5379 4.000 2.738
2.000 18;-3.8-9 57758 856 2000 ;%7 73218 8o
K40c P100 V100 K40c P100 V100 K40: L1+Smem unified
P100: L1+Tex Cache unified
@ QEE\':%‘RIE%%I;% Forschungslinie - Einfihrung in die Forschung, ZIH, 2019-07-08 ggbg RZISG ﬁ LH



AN-Coding Bruteforce Histogram Computations
40 L)
1 7(0

fol BRICS

Bit flip Resilience for In-memory Column Stores
www.project-brics.de

AN-Coding is an arithmetic code for error detection,

especially of multi-bit flips

computes probability of silent data corruption by using

the distance distribution of the code
enumerates possible SDC bit patterns on GPU
CUDA algorithm is mostly shared memory bound

Almost 14x faster on V100 compared to K40

16
14
12
10

O N H O O

Vo~
é Dresden Database
Systems Group

Speedup

K40c P100 V100

Werner, M.; Kolditz, T.; Karnagel, T. et. al: Multi-GPU Approximation Methods for Silent Data Corruption of AN-Coding.
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http://www.project-brics.de/

Europa fordert Sachsen.

ESFNS

Européische Union Européischer Sozialfonds

McEA Evolutionary Algorithm for
Multi-Criteria Optimization I_” V/

Speedup

K40c P100 V100

Paretofront (red=optimum): 10 generations 100 generations 1000 generations

— multi-criteria optimization of production plans

— search heuristic: cellular evolutionary algorithm on
GPUs (CUDA)

— population with over 1,000,000 individuals
— genetic evolution of 1000 generations

— for problem class see DTLZ-7*

— Almost 8x faster on V100 compared to K40c

O B N W & U1 O N O O

*Deb, Kalyanmoy, et al. "Scalable test problems for evolutionary multiobjective optimization." Evolutionary Multiobjective Optimization. Theoretical Advances and Applications (2005)
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Polymer Science - Y o4 Lotbniznstiut
° fiir Polymerforschun
Bond Fluctuation Model on GPUs d ’

Dresden e.V.

e Speedup

K40c P100 V100

s 9
1 8
g iES 7
Bz = ﬁ’ﬁk ESiE
i E— - 6
5
— coarse-grained simulation model for polymers on
GPU (CUDA) 4
— modified collision algorithm on a body-centered 3
cubic grid 2
— exploration of new time and length scales using
1
GPU
0

— almost 8x faster on V100 compared to K40

C. Jentzsch, R. Dockhorn, and J.-U. Sommer: A Highly Parallelizable Bond Fluctuation Model on the Body-Centered Cubic Lattice, in Parallel Processing and Applied Mathematics.
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System Failure Analysis for HPC Clusters
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Date Environment Observation
o o 1984-1986 | IBM Mainframe 456 failures
Failures in HPC: Current Status 19881990 | Tandem 8oo failures
1990 WAX 364 failures
198g9-1990 | VICE 300 failures
1999 70 Windows NT nodes 1100 failures
1999 503 nodes 2127 failures
364 fa i|ures in yea r '] 990 2003 3000 nodes go1 failures
! 2003-2004 | 395 nodes 1285 failures
2004-2005 | Liberty 7.8 alerts per day
2005-2006 | Blue Gene/L 1,620 alerts per day
2005-2006 | Thunderbird 13,312 alerts per day
2005-2007 | Spirit (ICC2) 309,707 alerts per day
2005-2010 | CENIC 16-302 failures per link
2006 Red Storm 16,016 alerts per day
2007 BlueGene/L Coastal MTBF 7-10 days
2007-2009 | Unknown MTBF 3-37 minutes
i 2008-2010 | Jaguar 2.33 failures per da
2°33 fa ||Ures per day’ 2008 2008-20M Jaguar XTa MTEBF 26.91 hF;Jurs g
2008-201 | Jaguar XTs MTBF 22.67 hours
2008-20m | Jaguar XKé MTBF 8.93 hours
20m-2017 | Facebook network MTBF 1.8 months
2o12-2013 | K Computer Failure rate 1.6%
2013 Blue Waters MTBF 4.z hours
2014 Titan 317 HW and 270 SW failures
2014 Titan g failures per day
20013-2015 | EQS XC 30 MTBF 189.04 hours
20013-2015 | Titan XK7 MTBF 14.51 hours
L 64’593 d Ierts per day’ 201 8 2015 BlueGene/Q Mira MTEF 5.5 hours
2015 Petascale systems MTBF 7-10 hours
2015 Cielo MTBF 24 hours
2015-2018 | Titan 164,593 alerts per day
2017 Argonne FUSION MTBF 3-52 minutes
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90 nodes switched off

Failures in HPC: Correlations by overheating protection mechanism ™~
5522 ;
o] .
o~
ey 5516
3 3
Early detection of failure 5505 :
5504 5504
chains reduces damagesii : /
— 8 :
Proposed solution: 5487
. . 5486 :
Statistical analysisof o :
. L Nodesbecametoowarm i
correlated failuresin 3 : NI ESETIE a3
o 5469
node vicinities 5468 /
LN .
(o]
/
s —
o .
5451 :
5450 i
x n
< 5446
o 3
5433 =
Normal . . ‘ >
Abnormal 09:17:32 09:26:16 09:41:45 |09:48:01 10:50:01
Failure 09:49:15
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Failures in HPC: Timeline of a Failure in a Rack (18 nodes)

<
1

>
Number of entries 2740

Reboot
Last normall | | | | r-‘(eturn to normal
2017-05-21 23:50:0‘ 2017-05-22 19:50:00

2017-05-21 23:50:00 to 2017-05-21 23:59:59
36000 seconds before 2017-05-22 09:49:09 node 3105

7
6

o D
Severity 4

10 ©RoT=mM

Facility 2 NoSim™

Stream of system logs, divided based on the facility and severity of entehes
ol

IR ScaDS
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Failures in HPC: Timeline of a Major Failure in Island 3 (180 nodes)

Tuesday, 23 May, 2017 13:01:32

st of 18 nodes

Taurus system logs 2017 - Siavash Ghiasvand
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Courtesy of Prof. Sergei A. Klioner et.al.

Astrophysics: The Gaia Project

]
Center for Infarmation Services &
High Performance Computing
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One of the main problems of astronomy: distance

Without knowing how far the obJect IS, phyS|caI understandlng of that object is
impossible... ‘ '

A comet: far away and very big or inside the Earth atmosphere and rather small?
Tycho Brahe, 1577

TECHNISCHE
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One of the main problems of astronomy: distance

a far away object

/

/ a close comet
‘e /
r""f
6 B }/i\ psall _ziH_

Wi -~ - -parallactic displacemei=z



Astrometry: the art of measuring stellar positions

Astronomy cannot touch
its objects!

Astronomy cannot make
experiments!

Astronomy analyses stellar light:

Astrometry - direction
Photometry - quantity
Spectroscopy - colour and more
Polarimetry - polarization

+ cosmic particles
++ gravitational waves

TECHNISCHE
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Why to bother?

-  We need to understand stars.
(our Sun is a star!)

Without knowing the distance
it is not possible to judge if
a star is big or small, etc.

— We live in a galaxy.

We need to understand how
our Galaxy was formed.

die Forschung, ZIH, 2019-07-08 Sca DS I:I_—I—ll LH
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Accuracy of astrometric observations

_ naked eye telescopes space
0 : 11400 1500 1600 1700 1800 1900 2000 2100
Hi'plrchus U I I I I I I
1000”7 I I = 1000”
1007 + ' ' wihelmV - 100"
) ! Tycho Brahe . Flamsteed .
10 ! : Hevelius Bradley-Bessel 10
1
11/ _---;—--i. ________________________________________________________________________ - 1II
100 mas~ ! : - 100 mas
: FK5
I0mas [ 1 ! = 10 mas
... Hpparcosh
Imas 770 7 1mas
. ICRF
100 pasT © 9 100 pas
0pas 1! Gaia 9 nas
I I
0 L.11400 1500 1600 1700 1800 1900 2000 2100

G s 1 pas is the thickness,of a sheet of paper.seen from the other side Stfanbeﬁlarthan
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What do we know about our Galaxy?

The Sun should be here:

TECHNISCHE
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What do we know about our Galaxy?

The stars with distances known till 2016 are all in the small red spot:

Hipparcos suruey
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What do we know about our Galaxy?

With Gaia we can explore a significant part of our Galaxy:

Gaia suruvey

TECHNISCHE
UNIVERSITAT Forschungslinie - Einfihrung in die Forschung, ZIH, 2019-07-08 ScaDS ﬁ . ZIH _

DRESDEN DRESDEN LEIPZIG



The challenge of data processing

* Parameters

* At least 5 parameters for each star: 5 x 1.7 10°

* 4 parameters of orientation each 15 seconds: 108
* 2000 calibration parameters per day: 4 10°
* global parameters: <10%

* Observations

about 1000 raw images for each star: 10'?

« Data volume: 1 PB (iteratively!)
» Computational efforts: ~1022 flops

* Direct least squares solution is impossible
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Gala in Dresden

The model of observations in Einstein’s General Relativity
Tests of fundamental physical laws with Gaia data

Analysis of the Gaia reference frame: quasars
Synchronization and monitoring of Gaia’s atomic clock
Special astrometric solutions: stability and quality verification,
special calibration of the instrument, relativistic tests

AW N =

Special thanks to ZIH for about 3 Million CPU-hours by now! Video
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astro.mp4
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Summary
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Computer Science and Computational Science at ZIH

— Exciting computer science research

— Broad spectrum of computational
science topics togetherwith
application field scientists

Contact:

Dr. Andreas Knupfer
Deputy Director/ CTO of ZIH
andreas.knuepfer@tu-dresden.de

Tel. +49 351 463-38323
Willersbau A113
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