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Research

oriented

Service

oriented

Á Director Prof. Dr. Wolfgang E. Nagel

Á Deputy directors Dr. Björn Gehlsen and Dr. Andreas Knüpfer

Á 7 departments

Á Networking and Communication Services (NK)

Á Operational Processes and Systems (OPS)

Á Systems Design and Engineering (SDE)

Á Service Desk

Á Interdisciplinary Application Development and Coordination (IAK)

Á Distributed and Data Intensive Computing (VDR )

Á Innovative Methods of Computing (IMC)

Á In total over 160 staff including apprentices at 6 locations on the campus

ZIH Structure
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ɍCampus network , internet uplink , phone network

ɍE-Mail, groupware , data exchange, backup etc.

ɍSoftware procurement

IT Services for
TU Dresden

ɍVirtual machines , hosting

ɍSupercomputing

ɍBig Data methods

Computational
Science Services

ɍParallel programming and algorithms

ɍPerformance optimization and scaling, energy efficiency, Ɏ

ɍData Analytics applications , machine learning , Ɏ

Research and
Development

Topics overview
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Á https://tu -dresden.de/zih/dienste/service -katalog

Á Topic lists and service descriptions

IT Services and the Service Catalog

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

Á Topic lists and service descriptions

Á Target groups (students, staff, guests)

Á Specific service offerings

Á Details about

Á Scope of services and options

Á Application and permissions

Á Condidtions and obligations 

Á Accounting and costs

Á Service levels

IT Service Catalog

https://tu-dresden.de/zih/dienste/service-katalog
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Services for individuals
Á PC work environment
Á Software
Á Campus network, wireless, VPN
Á Phones
Á Data storage
Á Backup & archiving
Á E-Mail
Á Time sync. services
Á Printing, scanning, plotting
Á Manuals
Á Data exchange
Á Video and phone conferences
Á Maining lists
Á Groupware
Á HPC access
Á Service Desk

IT Service Katalog

Services for departments
Á Central Administration of PCs and 

PC pools
Á Directory services (AD/LDAP)
Á Authentication
Á Software licenses
Á Campus network connections
Á IP address mgmt., DNS
Á Firewalls
Á Remote Support
Á Data exchange
Á Server hosting, VMs
Á Service monitoring

Further service providers
Á Information security unit
Á Media center
Á Central University mgmt.
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Self Service Portal

Self Service Portal

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

Å Booking IT services
Å Fully automated or 

with approval
Å Requires ZIH login
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HPC Resources at ZIH

HRSK II 2015

Ɂ ~ 44,000 cores Intel (mostly Haswell )

Ɂ 256 GPUs Nvidia Tesla K80 +

Ɂ 44 GPUs: Nvidia Tesla K20 

Ɂ 136 TB RAM, >5 PB scratch file system

HPC-DA extension 2018

Ɂ 22 Machine Learning nodes IBM AC922 

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

Ɂ 10 PB Object Storage

Follow -up extension in 2019 (approx. 4 Mɚ)
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HPC-DA Extension 2018

HPC-DA extension towards extremely fast I/O

Ɂ Redesigned one compute island of HRSK II

Ɂ Strong focus on highest bandwith and low latency

Ɂ 612 existing CPU compute nodes

Ɂ 22 new Machine Learning Knoten IBM AC922

-2x Power -9 CPUs, 6x NVIDIA V100 GPUs, NVLink

Ɂ 90 NVME storage nodes

-Each node with 8 3,2 TB PCIex4 NVME cards

-Dual-link EDR IB, NVME over fabric

Ɂ 10 TB Object Storage with 50 GB/s

New Data 

Analytics Island

612 CPU Nodes 

(24 core Haswell)

Island Switch

90 NVMe

Storage Nodes

(2 PB PCIeNVME)

22 IBM AC922

ML Nodes

(2 Power 9 CPUs, 

6 NVIDIA V110)2 TB/s

1,5 
TB/s

0,4 
TB/s

Core 

Switches

500 
GB/s

Core Switch
Core Switch

Other 

Compute

Nodes

10 PB 

Object

Storage

50 
GB/s500 

GB/s
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HPC-DA ML Nodes

Hardware

Ɂ 22 IBM AC922 nodes

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

Ɂ 2.80 GHz, 3.10 GHz boost

Ɂ 256 GB RAM DDR4 2666MHz

Ɂ 6x NVIDIA VOLTA V100 with 32GB HBM2

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

Ɂ CPUs and GPUs direct water cooled

Ɂ 0.4 TB/s aggregated bandwidth to NVME nodes

Image: https://www.ibm.com/it -infrastructure/power/accelerated -computing
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HPC-DA NVME Storage Nodes

Hardware

Ɂ 90 NVME storage nodes

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

Ɂ 64 GB RAM

Ɂ 8x Intel NVMe Datacenter SSD P4610, 
3.2 TB, PCIe3.1 x4 3DNAND ME 2.5" U.2,
3,2 GB/s (8x 3.2 ==25.6 GB/s)

Ɂ 2 Infiniband EDR links, Mellanox MT27800, 
ConnectX-5, PCIex16, 100 Gbit /s each

2x EDR IB: 25 GB/s

8x PCIev3.1 x4

2x PCIev3.1 x16

8x 3.2 GB/s

90 x
90 NVME 

storage nodes

in total

2 TB/s
peak

bandwidth
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HPC-DA NVME Usage Models

Allocation strategy

Ɂ NVME shares allocated as long -term 
ɈNVME leasesɉ (weeks to months)

Ɂ Granularity of 1/8 th node (1 NVME card) 
or full NVME nodes

Separate BeeGFSes in own NVME lease

Ɂ Instantiate separate BeeGFS

Ɂ Granularity of ½ or 1 NVME nodes,
including the EDR links and the CPU cores

Ɂ Separate MDSs an OSTs for this FS

Ɂ No meta -data interference with everyone else

Ɂ Full nominal bandwidth per NVME node*

Ɂ 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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NVM
E

NVM
E

HPC-DA NVME Storage Nodes

NVME over fabric to compute nodes

Ɂ Assign to compute nodes in n:m way

Ɂ NVMEof provides local block devises
with < 300 µs random access latency

Ɂ Need to manage (exclusive/parallel) accesses 
on your own! (through mmap or local FS)

Own services

Ɂ Run own services on NVME nodes , 
preferably data or storage services

Ɂ Reduced total IB bandwidth
between the NVME nodes

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

NVM
E

NVM
E

NVM
E

NVM
E

NVM
E

NVM
E

NVM
E

NVM
E

NVM
E

Compute Compute Compute Compute

NVM
E
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Software for HPC-DA: Modules and Containers

Software modules

Ɂ Long list of software packages, 
multiple versions each, 
dependency management

Ɂ Open Source SW, 
scientific community software packages, 
commercial SW

Ɂ Application software,
libraries,
software tools

Singularity containers

Ɂ Tailored software
environments that
you can take with
you or share with others

Ɂ Can be defined /built
on top of each other

Ɂ Cannot combine two
existing containers

Ɂ Challenge to build containers for Power9 
because few have Power9 laptops Lyet.
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Research Fields
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Ɂ Scalable software tools to support the optimization of applications for HPC systems

Ɂ Data Intensive Computing and Data Life Cycle

Ɂ Performance and energy efficiency analysis for innovative computer architectures

Ɂ Distributed Computing and Cloud Computing

Ɂ Data analysis, methods and modeling in life sciences

Ɂ Parallel programming, algorithms and methods

ZIH Research Topics
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Ɂ Vampir : Visualization and analysis of
parallel applications

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

Ɂ NextGenIO : Next Generation I/O for Exascale

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

Ɂ Perf: System and application tracing on Linux

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

Ɂ DataHeap : Embeding external performance data
in program traces

Topic: Scalable Software Tools to Support the Optimization of 
Applications for HPC Systems
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Ɂ ADA-FS - Advanced Data Placement via 
Ad-hoc File Systems at Extreme Scales

Ɂ EMuDIG 4.0 ɀFactory sensor monitoring

Ɂ EXPLOIDS ɀMonitoring tools for IT security 

Ɂ GeRDi - Generic Research Data Infrastructure

Ɂ High Performance Deep Learning Framework

Ɂ MASi - Metadata Management for Applied Sciences

Ɂ IT support projects for SFB/TRR 205 and SFB 940

Ɂ ScaDSDresden/Leipzig ɀNational 
Big Data competence center

Ɂ VAVID - Comparative Analysis of 
Engineering Measurements and Simulation Data

Topic: Data Intensive Computing and Data Life Cycle
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Ɂ READEX: Runtime Exploitation of 
Application Dynamism for Energy 
Efficient ExascaleComputing

Ɂ HAEC: Highly Adaptive Energy 
Efficient Computing

Ɂ FIRESTARTER: A processor stress test utility

Ɂ HDEEM: High Definition Energy 
Efficiency Monitoring

Ɂ SPEC: Standard Performance 
Evaluation Cooperation

Topic: Performance and Energy Efficiency Analysis for Innovative 
Computer Architectures
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Ɂ UNICORE - Middleware for distributed 
computing and data

Ɂ VAVID - Comparative Analysis of Engineering 
Measurements and Simulation Data

Ɂ Chemomentum : Grid based software for complex 
chemistry workflows with a focus on data and 
knowledge management

Ɂ D-Grid Integration project (DGI 1 and 2), European Middleware Initiative (EMI)

Ɂ FutureGrid : Experimentel test and development environment for Grid and Cloud systems

Ɂ GeneCloud: Secure semantic high performance cloud computing software for the Life Sciences

Ɂ HEPCG: High Energy Physics Community Grid

Topic: Distributed Computing and Cloud Computing
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Ɂ Standardising the exchange of multicellular 
models in computational systems medicine

Ɂ Collective motion and swarming

Ɂ Stochastic processes, interacting cell systems 
and cellular automata

Ɂ Tumour development

Ɂ Endocytosis and systems biology

Ɂ Spatio-temporal pattern formation 
in cells and tissues

Ɂ Regeneration

Ɂ Bone remodelling

Topic: Data analysis, methods and modeling in life sciences
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Ɂ DASH: Hierarchical Arrays for Efficient and 
Productive Data-Intensive Exascale Computing

Ɂ High Performance Deep Learning Framework

Ɂ IPCC: Intel® Parallel Computing Center TU Dresden

Ɂ GCoE: NVIDIA GPU Center of Excellence

Ɂ MEPHISTO - Metaprogramming for 
Heterogeneous Distributed Systems

Ɂ PARADOM - Parallel Algorithmic Differentiation
in OpenModelica

Ɂ ScaFES: Scalable Framework for Explicit Solvers

Ɂ OpenMP and OpenACCStandardization

Parallel programming, algorithms and methods



Selected Research Topics and Results



Parallel Performance Analysis Tools
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Enable or improve computational sciences 

Ɂ Throughput

Ɂ Response time

Ɂ Scaling

Ɂ Quality

Ɂ Additional functionality

Ɂ Reliability

Ɂ Development Cycle

Parallel Performance Analysis
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Performance Consulting is a Cyclic Process

Before:
Unbalanced load

After tuning:
2 x performance

2 x faster

Problem

Model

Col lection

Evaluation

Val idation

Interpretation

Decision
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Analyzing Unexpected Memory Demand
Analysis (1)

Memory demand on rank 0 
explicably high (~ 8 GB)

Memory demand on rank 1 ɀ
(N-1) also too high (~1.8 GB)

Prior to new module (output) 
demand was ~1GB per rank
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Analyzing Unexpected Memory Demand
Analysis (2)

Memory demand explodes 
during MPI_Reduceon rank 0

Educated guess: MPI needs to 
buffer data...

Lots of messages are sent to 
rank 0
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Analyzing Unexpected Memory Demand
Analysis (3)

Cause: data is received 
rank by rank
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Memory demand down to 
~1.8 GB (still one issue left)

Messages merged to one 
big message

Analyzing Unexpected Memory Demand
Analysis (4)
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Analyzing Unexpected Memory Demand
Analysis (5)

Many small messages received 
late, causing a buffer issue
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Analyzing Bottleneck in Multi -Stage -I/O
Analysis (1)

High I/O load on a single 
rank  

~ 260 MB/s per rank !  

High number of I/O open 
AND read operations
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Analyzing Bottleneck in Multi -Stage -I/O
Analysis (2)

I/O load measured from inside 
the application: 10 MB/s 

I/O load measured on the 
kernel level:
260 MB/s !!!

Data pre -fetching caused by 
open!?
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Analyzing Bottleneck in Multi -Stage -I/O
Analysis (3)

Single NetCDFcall triggers 
a burst of POSIX calls 

Strides in file access 
pattern !?
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Analyzing Bottleneck in Multi -Stage -I/O
Analysis (4)

After tuning...

I/O data rate at 10 MB/s 
per Rank 

I/O latency reduced by 
means of SSDs  

File open requests cached
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Load Balance Analysis of Weather Forecast Model
Analysis

Message Passing share increases 
over time. Happens uniformly?  

No, MPI Share does not increases 
on Process 56. Why not?  

Process 56 is loaded heavily 
with FLOPs starting at t=130s

99 Processes wait for 
one process to finish
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Load Balance Analysis of Weather Forecast Model
After Tuning

FLOP load is equally 
distributed now

No increase in MPI 
share anymore

MPI consumes 12.5 % of the 
total time 
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Load Balance Analysis of Weather Forecast Model
Comparison

Before Load Optimization

After Load Optimization

Performance doubled!
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Analyzing Instructions per Cycle with Custom Metrics
Analysis (1)

~12s time spent in OpenMP
(62% util.)

Master: Avg. IPC is 1.8, 
Peak IPC is 5.5

OMP Threads: Avg. 
IPC is 1.8, Peak IPC is 3.5 
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Analyzing Instructions per Cycle with Custom Metrics
Analysis (2)

MPI responsible for 
peak IPC. Irrelevant!

OpenMP loops have 
fair IPC of ~2.5
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Analyzing Instructions per Cycle with Custom Metrics
Analysis (3)

Compute IPC for 
OpenMP regions only
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Analyzing Instructions per Cycle with Custom Metrics
Analysis (4)

In OpenMP: Avg. IPC is 1.4, 
Peak IPC ~3.0



Jan Frenzel

Performance Analysis for Big -Data Frameworks
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Information in the Spark Dashboard

Ɂ Easily usable (no extra tools needed)

Ɂ Overview over general information

Ɂ Limited usability for performance analysis (ɈWhy and where is it slow?ɉ remains unanswered)
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Information of the Spark Dashboard in Vampir

Ɂ Overview over general information, easier to access information about tasks

Ɂ Limited usability for performance analysis (ɈWhy and where is it slow?ɉ only partially answered)

Stage could finish earlier , if task 4 started earlier
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Score -P-based Measurement

Ɂ Collection of execution details, e. g. method entries and exits, threads

Ɂ Combination with stage and task information required
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Further Topics

ɁRun-time monitoring with little overhead

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

ɁCode instrumentation

ɁSampling

ɁProfiling and Event Tracing data formats

ɁAutomatic detection of typical performance issues

ɁProPE: Continuous parallel performance monitoring, looking for abnormal 
performance behavior

ɁLO2S: Performance monitoring via sampling with Linux perf



Dr. René Jäkel

Supporting data intensive applications @HPC
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Motivation

ɁSpecifics of data/information: 
formats, content, error handling

ɁCombine theory -driven models 
with experimental data 
(e.g. simulation vs. exp.)

ɁOften knowledge not well formalized 
(Ɉin the experts headɈ)

ɁLittle or no HPC background

ɁAdoption of workloads to larger and 
more powerful infrastructures

ɁOptimization of workloads / parallel 
applications to infrastructure

ɁSupport for use of hardware/software 
layers (parallel programming, 
filesystems, communication), 
but not on content

ɁLittle or no domain knowledge

Domain Scientist HPC Expertise
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Motivation
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ɁMost important: bring experts from both sides 
together to investigate requirements of data -
intensive applications and derive solutions

ɁConnect experts and application domain scientists

Motivation

Domain Scientist HPC ExpertiseService Center
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ScaDSDresden/Leipzig

ɁNational Competence Center 
for collaborative Big Data 
driven research

ɁEstablished 2014 in Saxony: 
TU Dresden, Univ. Leipzig,
MPI-CBG, IÖR, HZDR, UZF

Motivation

Domain Scientist HPC ExpertiseService Center



Flood risk analysis due to climate impact
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WEREX V Statistical Downscaling + IPCC projection

ɁRapid economic and population growth

ɁQuick spread of new & efficient technologies

ɁConvergent world - income and way of 
life converge between regions , extensive 
social and cultural interactions worldwide

ɁA balanced emphasis on all energy sources

Visualisation of Climate Data
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Spatial and temporal dynamics of flood risks

Estimation of flood risk 

due to climate change 

and the expected damages

ɁClimate scenarios 

ɁHydrologic modelling 

ɁHydrodynamic modelling 

Damage Modelling 

Climate Ensembles Hydrologic Modelling

Hydrodynamic Modelling

precipitation

Water 
depth
[m]

Damage Modelling



Genome assembly pipeline
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Goal: Catalog the unique genetic endowment and diversity present in all living bats

Ɂunderstand the molecular basis of their unique adaptations 

Ɂ link genotype with phenotype 

Ɂuncover their evolutionary history

Ɂbetter understand, promote, and conserve bats. 

Platinum genome assemblies ɀThe Bat1K project
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Multiple DNA sequencing technologies

Avg. Length Application

20 - 40kb

PacBio long reads

Full
Chromosomes

Hi-C read pairs

1. Genome Assembly based on noisy long reads

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

Contig

150 - 400kb

Bionano Optical Maps

50 - 200kb

10x Genomics read
clouds

CMAP 
Multi Mb
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Assembly pipeline

Read Patching

Genome Assembly

Error Correction

Scaffolding

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

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

Correct base errors and haplotype phasing 
by using PacBio reads and 10x read clouds.

Order and orient contigs into Chromosomes by using 
Bionano optical maps and long -range Hi -C read pairs.
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Assembly pipeline ɀruntime
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Dr. Robert Schöne, Andreas Gocht

Energy Efficient HPC: READEX Project
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Overview

ɁTools aided methodology

ɁAutomated energy efficiency tuning of parallel applications

ɁDynamically adjust system parameters to actual resource requirements

ɁCo-design approach
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Overview

Design -Time Analysis

ɁPeriscope Tuning 
Framework

Ɂ Identify significant 
regions and 
runtime situations

ɁTest tuning 
parameters

ɁDetect optimal 
configuration

ɁWrite tuning model

Runtime Tuning

ɁREADEX Runtime 
Library

ɁUses tuning model 
from DTA

ɁDetect runtime 
situations

ɁAdjust tuning 
parameters for 
energy efficiency

ɁCalibration of tuning 
model
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Hardware Analysis and Control

ɁBackground in computer and processor architecture

ɁDetermine low -level side effects

ɁDetermine influence of power saving mechanisms

ɁProvide access to low level hardware parameters

READEX

ɍInstrumentation

ɍUses low-level power saving 
mechanisms

Linux Kernel Module

ɍProvide access to hardware

ɍSupport for different processors

Processor

ɍPerformance and Power knobs

ɍEnergy counter
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Energy Measurement

ɁVarious back -ends for measuring energy

ɁUsed by READEX during Design-Time or Runtime (online -tuning)

ɁCan also be used for energy -efficiency analysis with Score -P

Score-P Metric Plugin

Energy measurement

ɍRAPL

ɍAPM

ɍEXAMON

ɍHDEEM
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Score -P Substrate Plugins

ɁUse Score-P instrumentation for other purposes (e.g., tuning)

ɁConsume instrumentation events and metrics

ɁPlugins can synchronize data over processes independent of paradigm

Score-P Instrumentation Score-P Substrate Plugin Interface

Substrates

ɍREADEX Runtime Library

ɍEvent Flow Graphs

ɍDe-instrumentation via code modification

ɍɎ
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READEX Runtime Library

ɁConsumes Score-P Events

ɁApplies configuration changes during Design -Time and Runtime

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

Score-P 
Instrumentation

Score-P 
Substrate Plugin 

Interface

READEX 
Runtime 
Library

Linux Kernel 
Module 

Processor
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READEX Results

Power consumption of a untuned (top) and tuned (bottom ) NAS BT.C benchmark run
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READEX Results
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Homepage with installers for
Linux, Windows, Mac OSX:

https://morpheus.gitlab.io

Open Source Software
Morpheus - GUI-based Simulator for 3D Computational Biology

Contact: Dr. L. Brusch


