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Overview about ZIH

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




ZIH Structure

A Director Prof. Dr. Wolfgang E. Nagel
A Deputy directors Dr. Bjorn Gehlsen and Dr. Andreas Kniipfer
A 7 departments

v v > D
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A In total over 160 staff including apprentices at 6 locations on the campus
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Topics overview

IT Services fOf ¥ Campus network , internet uplink ,phone network
¥ E-Mail, groupware , data exchange, backup etc.
TU Dresden ¥ Software procurement
Com putational f Virtual machines, hosting

! . ¥ Supercomputing
Science Services [ ot

Research and ¥ Parallel programming and algorithms
f Performance optimization and scaling, energy efficiency, Y
Development + Data Analytics applications , machine learning, Y
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IT Services and the Service Catalog

A https://tu_-dresden.de/zih/dienste/service -katalog

A Topic lists and service descriptions
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DIENSTE UND HOCHLEISTUNGS-
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Service Katalog
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https://tu-dresden.de/zih/dienste/service-katalog

IT Service Catalog

A https://tu_-dresden.de/zih/dienste/service -katalog

A Topic lists and service descriptions

A Target groups (students, staff, guests)
A  Specific service offerings
A Details about

A Scope of services and options
A Application and permissions
A Condidtions and obligations
A 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

Phones

Data storage

Backup & archiving

E-Mail

Time sync. services
Printing, scanning, plotting
Manuals

Data exchange

Video and phone conferences
Maining lists

Groupware

HPC access

Service Desk

Ty T D D T T D D D D D D >

Campus network, wireless, VPN

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

>\

T I I I I I I I D D

Further service providers

A Information security unit
A Media center

A Central University mgmt.
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Self Service Portal

Self Service Portal

https://selfservice.zih.tu

-dresden.de/

A Booking IT services

A Fully automated or
with approval

A 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 GPUsNuvidia Tesla K80 +

? 44 GPUs: Nvidia Tesla K20

? 136 TB RAM, >5 PBscratch 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
TECHNISCHE __l e
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HPC-DA Extension 2018

HPC-DA extension towards extremely fast I/O
? Redesigned one compute island of HRSK || 10 PB

Strong focus on highest bandwith and low latency Object
Storage

2

? 612 existing CPU compute nodes

? 22 new Machine Learning Knoten IBM AC922
- 2x Power-9 CPUs, 6x NVIDIA V100 GPUsNVLink e

? 90 NVME storage nodes
- Each node with 8 3,2 TB PClex4 NVME cards 612 CPU Nodes
- Dual-link EDR IB, NVME over fabric (EERlBEEREL

? 10 TB Object Storage with 50 GB/s

Island Switch

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

Storage Nodes
Forschungslinie z Einfiihrung in die Forschung, ZIH H
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HPC-DA ML Nodes

Hardware
? 22 IBM AC922 nodes

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

? 2.80 GHz, 3.10 GHz boost
? 256 GB RAM DDR4 2666MHz
? 6x NVIDIAVOLTAV100 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
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8x 3.2 GB/
HPC-DA NVME Storage Nodes § °

Hardware

? 90 NVME storage nodes

? 2 sockets Intel Xeon E5-2620 v4 q : 90 X
(16 cores each, 2.10GHz) 90 NVME

? 64 GB RAM

storage nodes

?  8x Intel NVMe Datacenter SSD P4610,
3.2 TB,PCle3.1 x4 3DNAND ME 2.5" U.2,

3,2 GBIs (8 3.2 ==25.6 GBIs) in total
? 2 Infiniband EDR links, Mellanox MT27800,
ConnectX-5, PClex16, 100 Gbhit/s each 2 TB/S
peak
bandwidth

2x EDRB: 25 GB/s

e
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HPC-DA NVME Usage Models

Allocation strategy

? NVME shares allocated as long -term
IJINVME | easesi

? Granularity of 1/8 ™ node (1 NVME card)

(weeks

Separate BeeGFSesin own NVME lease
? Instantiate separate BeeGFS

m9 ng@rahdality of ¥ or 1 NVME nodes,

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

VOV VUV

* 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
? Assign to compute nodes in n:m way

? NVMEof provides local block devises
with < 300 pus random access latency

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

Compute

Own services

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

? Reduced total IB bandwidth
between the NVME nodes

? Consult HPCadmin team
in case this seems promising to you

TECHNISCHE
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Software for HPC-DA: Modules and Containers

Software modules Singularity containers

? Long list of software packages, ? Tailored software
multiple versions each, environments that
dependency management you can take with

? Open Source SW, you or share with others
scientific community software packages, ? Can be defined /built
commercial SW on top of each other

? Application software, ? Cannot combine two
libraries, existing containers
software tools

? Challenge to build containers for Power9
because few have Power9 laptops L yet.

DRESDEN LEIPZIG
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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

VU UV VY

DRESDEN LEIPZIG
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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 I1/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

DRESDEN LEIPZIG S
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Topic: Data Intensive Computing and Data Life Cycle

a®)

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

EMuDIG 4.0 z Factory sensor monitoring

EXPLOID& 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
ScaDSDresden/Leipzig z National

Big Data competence center

VAVID- Comparative Analysis of

Engineering Measurements and Simulation Data

VUV 00UV

a®)

DRESDEN LEIPZIG
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Topic: Performanceand Energy Efficiency Analysis for Innovative
Computer Architectures

? READEXRuntime Exploitation of
Application Dynamism for Energy
Efficient Exascale Computing

? HAEC Highly Adaptive Energy

Efficient Computing

FIRESTARTERA processor stress test utility

? HDEEM: High Definition Energy
Efficiency Monitoring

? SPEC Standard Performance
Evaluation Cooperation

a®)

e
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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 Middlewa
FutureGrid : Experimentel test and development environment -
GeneCloud: Secure semantic high performance cloud computi
HEPCG: High Energy Physics Community Grid

VOV VUV

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

RORES

aY)

DRESDEN LEIPZIG
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Parallel programming, algorithms and methods

a®)

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

VOV VoV

A®)

aY)
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Selected Research Topics and Results

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

Analysis

Enable or improve computational sciences

VO UV VUV

Throughput

Response time
Scaling

Quiality

Additional functionality
Reliability
Development Cycle

core-P

Scalable performance measurement
infrastructure for parallel codes
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Performance Consulting is a Cyclic Process

W Comparison View
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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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246G 0.165 s | MPI_Reduce Aggrag_atad Mssa_aga Volu...
= 27.202 ms | MP|_Recy 1 - © "."':
% 20G 14.182 ms | pmacr1 um
|§ 1.8G DN P ) | e 33.406 Mis [l 16.703 MiB
161G :I 564.624 s | pristr 16,705 MiB [ 16.705 MiB
i Ee— : : 161.669 us | pflush 16,705 M! 16.705 M!B
: : 65.142 s forme 16704 Mig [l 16.704 MiB
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Analyzing Unexpected Memory Demand
Analysis (5)

0 O C W Comparison View
EoRkwE e S E K 2 8 8 & 4

[ .51 steinke feap.benchvi_pe N1t Y e, . L. L
H D ...8-2_steinke_feap_bench_v3_p8_N1_i1_...

‘..mu]\h\ \..L;..u..l‘..‘... duiana l st uha.u.u.‘luull..\.a“lwa.d “ .| |.I

15'6 :‘r')_éj.u.‘.‘..... RTINS R N (RTPT re e I

Timeline Function Summary
50.0s 52558 55.0s 57.5s 60.0s 62.5s All Processes, Accumulated Exclusive Time per Function
H H S0s 25s Os
Master thread:0 pform 76.007s 5 pform
Master thread:1 17.38s MPI_Send
Master thread:2 16.487s tinput
Master thread:3 778 s B MPI_Reduce
Master thread:4 umacr3

Master thread:5 MPI_Recv

106s
362s

0.642 s | history_init
Master thread:0, Values of Metric "ru_maxrss" over Time 0.438 s | rstprf
8G 0.303 s | setmem
4 . 02665 pidset
® 5G : 99.824 ms | prop2i
<, 4G :
@ 3G 5
2G Function Summary Message Summary
1G All Processes, Accumulated... Number of Messages per M...
O0s oM
706165 | pform Sum
Master thread:0 26.024 s MPI_Send 907,105 4B
Master thread: 1 18.243 = tinput 907,098 = 328
Master thread:2 4.734 5[] pteco..._fast 2|393MiB
Master thread:3 2.079 s | MPI_Recv 1]3.931 MiB
Master thread:4 1.828 s | MPI_Reduce 1 ‘3.931 MiB
Master thread:5 0.628 s | history_init
H H 0434 s | rstprf Message Summary
Master thread:0, Values of Metric "ru_maxrss" over Time 0.301 s | setmem Aggregated Message Volu...
8G 0.264 s | pidset 40 MiB o MiB
1e 0.152 | pioman sum
@ 56 60.69 ms | pcontr 27.682:MiB 2B
% 4G 49.063 ms | pdxmsh {786
e 42.537 ms | pzeroi 3931 viB |
1G 26.74 ms | prop2p i 3.931MiB
0G 25.227 ms | seteq i 3.93MiB = 3.

=
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Analyzing Bottleneck in Multi

Analysis (1)

-Stage -1/0

o0 e W Comparison View

0s 255 505

100s 1255 1505 175
H H H 15s 0s

Al Processes, Exclusive Time per Function Graup
: H : POSI...META [5.87%]

[ |
1.084 5 [7]
0788 [|
0750 ]
0.150s
74.477 ms
§2.023 ms
43.27 ms

[85.01%]

Timeline (A% Function Summary Function Summary
755 All Progesses, Accumulated Exclusive Time per Function ... All Processes, Accumulated Inclusive Time per Fu...

ne_put_vara_fioat
ne__open
read

fread
write
ne_get_vara_fioat
ne_close
ne_create.
ne__create
nc_open
ne_ing_varid
ne_ing_vamndims
open6a

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

fopen 1,285 | fopen
fread 1255 | fread
nc__open 1252 | nc__open
nc_close o 1,373 [ nc_close

nc_put_vara_fioat

Function Summary Function Sum

1103 "

27815 [ |
1198 [
10295 [

. 07285 |
01928

56.850 ms

54.387 ms

51.488 ms

46.823 ms

piication [83.48%] 37.320 ms

21572 ms

POS...API [14.8%]

nc_get_vara_fioat [11,950

(308 ]
apen 1491 | open

All Processes, Accumulated Exclusive Time per Function ... All Processes, Accumulated Inclusive Time per Fu..
10s Os

nc_get_vara_fioat
ne_put_vara_fioat

mary

read
nc_get_vara_fioat
nc_pul_vara_fleat
nc__open
fread
write
nc_open
nc_ing_varid
ne_ing_varndims
ne_close
ne_ing_path
open64
nc_ing_var

149s 350k
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Analyzing Bottleneck in Multi -Stage -1/0
Analysis (2)

[ EoN ] W Comparison View
. il i Hi = 2
B ke D e [ 0E R &2 B 8 B 4V
[ -origfibis-traces... _ 0 1 0™ i 1 I 10
Tap—— N 0 =20 A
Timeline 1/ Summary
245,760,000,000 245,780,000,000 245,800,000,000 245,820,000,000 Al Processes, Average /O Bandwidth per File Name
10 MiBfs 08ls
1 - prec_1048.nc
-_tmin_1948.nc
373.393 Kiis | 2 _tmin_1848.nc
357 664 KiBis _prec_1948.nc
302,627 KiEl.l’si stdout
704826 stl i r_tmax_1948.nc
Ifo Su;nmary
All Processes, Number of 140 Gperations per File Name
50
-_tmin_1948.nc
_prec_1948.nc
-_tmin_1948.nc
Master thread, Values of Metric "I/0 Bandwidth (POSL r_prec_1048.nc
2 -_tmax_1948.nc
100 M
g 75M
g 500
2 25M.
: 0
Master thread, Values of Metric U0 Bandwidih (Rusage)” aver Time i o
2 H 1/O Summary
............................................. . e =, Agoregated li0 Transaction Size per File Name
% ; 160 KiB
Ly 090902 O Um0 EeeTeee
w
i e
:Ealar:?‘\sr::dm_‘\fsllm of Metric "lIO gdth (Rusage)” over Time . ::l';:::::":
i g
pom
% =
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Analyzing Bottleneck in Multi -Stage -1/0
Analysis (3)

[ EoN ] W Comparison View

Bk R e D e 5 0E R 288 642

O . 0~ i O 0 1
A==

:[] ..orig/ibis-traces...
I:‘ ...ramdisk-rdopti...

Timeline 110 Summary
245,760,000,000 245,780,000,000 245,800,000,000 245,820,000,000 Al Processes, Average /0 Bandwidth per File Namea
° 10 MiBfs 08/s
Master thread : : 5 RS
T S : b
2 373.303 Kibis | 2 _tmin_1842.nc
ne_t ne_get_vars_| nc_open : nc__open b
= - 357,664 KiBis -_prec_1948.nc
3 Jread R Jread T IlFead "IN (s Wiread 332 627 KiEl.l’si stdout
704.636 Bls | i r_tmax_1948.nc
SR /O Summary
s Al Processes, Number of 1/ Operations per File Name
e e e l ‘ - ;
2] b ;
3 - bmin_1848.nc
_prec_1948.1c
. ~_tmin_1848.nc
"0 Bandwidth (POSIX)" over Time, _prec_1948.1c
tmax_1848.nc
/ § S
]
g
Master thread, Values of Matric "li0 Bandwidth (Rusage)” aver Time o
2 10 Summary
g Al Processes, Aggregated /0 Transaction Siza per File Name.
180 KiB
]
g
2 _tmin_1848.nc
) _prec_1948 nc
Master thread, Values of Metric "UO Bandwidih (Rusage)" over Time {min_1948.nc
i _prac_1948.nc
E 1,500 M
1250 M
§ 1ooom ~_tmax_1948.n¢
5 750 M.
% 500 M .
§  2som
2
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Analyzing Bottleneck in Multi -Stage -1/0
Analysis (4)

ece W Comparison View

Evmv"iuvEvgv.vgvﬁiv.vﬂvﬁvhv @,‘M

O orighbis-traces... NN [N | WOIDONL) IR NI A S
‘[ ramdisk-rdoptii.. | IV .
= Function Sur
e

o
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Load Balance Analysis of Weather Forecast Model
Analysis

W Trace View - Taurus:ftrcdata/tracefiles/messe-traces/2018isc/demo/01...specs/1-load-unbalanced---p100-cosmo-specs-orig/sbm.otf - Vam

ErxBAwEReIEnRLSs &2 |Gl

Function Summary

Timeline

0s 100 s 200s 300s 400 s 500s All Processes, Accumulated Exclusive Time per Functio...
All Processes, Exclusive Time per Function Group : 30.0%  20.0% 10.0% 0.0%
H H ﬂ LCI 3 MP
MPI
MP_UTIL
2.71% [ Appl.. tion
2.25% |  COUPLE
1.73% | | METEC
0.01% | VT_API
Process 0 i i ;
8 |
Process 24 :
Process 32 |
Process 40 1 [ 1
Process 48 |
Process 56 | | i
Process 64 d °
Process 72 1
Process 80 '
Process 88 1
!
Values of Metric "Number of Floating Pointer Operations” over Time in Total H
Process 16 Context View
Process 22 = @ @ Performance Radar o
Process 29 —_—
Process 36 Property  Value
EE::: gg Display Performance Radar
Process 57 Type Counter
Process 64 .
Process 71 Location Process 55
Process 78 Metric  Number of Floating Pointer Operations

Process 85
Process 91 Unit Total

Value  309.556976 G
Time 57255

Connected: Taurus
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Load Balance Analysis of Weather Forecast Model
After Tuning

0 0 ) W Trace View - Taurus:/tredat: . 12018isc/d: 01 12-load-bal d---p100- fda/sbmidd.otf - Vampir

ErRuLER oS ER2 B3 & 4
Timeline Function Summary
1008 150 s 200s 250s [ All Processes, Accumulated Exclusive Time per Functio...

60% 40% 20% 0%

[6637% MP

0s 50s

MP_UTIL
12,53% MPI

s—

— 5.23%| | COUPLE

1.43% [| METEO

0.41% | FD4

0.01% | VT_API

°

Context View

Values of Metric "Number of Flo2tmgLointer Opsmﬁhons' over Time in Total

Process 2 = | @ @ Performance Radar | +
Process 9 proparty | value

Process 22 Display Performance Radar

Process 29

Process 36 Type Counter

Emg: 453 Location Process 55

Process 57 Metric  Number of Floating Pointer Operations
Process 64

Process 71 Unit Total

Process 78 Value  183.286604 G

Process 85

Process 91 Time 274 s
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Load Balance Analysis of Weather Forecast Model
Comparison

Q00 W Comparison View
B uwE R e T3 E R 28 18 B4 Y
‘[ - -load-unbalance...o-specs-orig/sbrm.. 108 [ EEREEEL Rl |0 R AR A i 7
‘[ 2-load-balanced...pecs-fddfsbmtda... |10 I ELLELE LT PO ETET 1 878,101 5
Timeline Function Summary
0 100 s 200s 300s 400 s 500s All Processes, Accumulated Exclusive Time...

10,000 s 0s

Process 0 Z30a03s P
Process 1 Al MPI
Process 3 1,550.646 s [l] Application
Process 4 Ty e Ty A A ARAT I Y T AT e e 1290593 5 || COUPLE
Procaes 5 N e T T Y T 993.146 s% METEQ

; | 4.366s|VT_API

Values of Metric "Number of Floating Pointer Operations” over Time in Total
Function Summary
All Processes, Accumulated Exclusive Time...

15,000 s 0s
{ | mP
i 3,865817s MP_UTIL
. i 3457412 s= MPI

1,443.047 s | | COUPLE
393.818 s | METEO
114.399 51 FD4
3.484 5| VT_API

Context View
- © l@ Performance Radar -

Property  Value

ointer Operations” over Time in Total
Display Performance Radar

Values of Metric "Number of Fl
Process 6

Process 20

Process 35 Type Counter

Fmgg % Location Process 47

piccossliz Metric ~ Number of Floating Pointer Oper

] Unit Total
200G 300G Value  191.362987 G
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Analyzing Instructions per Cycle with Custom Metrics
Analysis (1)

@ ' @ W Trace View - Taurus (auto-ds o 01. ,mmans -4p-4t-mpi- nmp fitw-i |pcj|rac otf2 - \Jampn
’ 05§ \ \ B TN
ExdwEReld = .ﬁﬁ‘aﬂ Ll L T gtk LD
Timeline Funnmn Summary
00s 25s 7.5 s 100s 125s 150s 175s All Processes, Accumulated Exclusive Time per ...
: : : 100 s Os
Master thread:0 -™ {121 0 A T :‘I'rlwnll Ay T ITE 1 Y LA TRl 3 i ” .
OMP thread 2:0 - o AT =R =40 A i 173285 : OMP_LOOP
Master threac:1 - R B S 1 ‘m‘nﬁrﬁrﬁ R R 34.912s OMP_SYNC
| i e e ST R A 18.403 s [l OMP_PARALLEL
. e e e bt w 11.79 s [l MPI
T L™ V1T O YT P | {1}
OMP thread 22 - - ‘ 8 : A B 7.1265
Masnsrmraan:.a - R Ty ﬁﬂ" ! I}rﬁ::ﬁrﬁﬁi TRk AR i 0.291 s | Application
OMP thread 2:3 - i T T i :i 1 e

Values of Metric "Derived IPC" over Time in parallelism
Master thread:0 NS 10110 0 A A

OMP thread 2:0
Master thread:1

OMP thread 2:1 Context View

I o s.rmer

Master thread:2
OMP thread 2:2 Property Value
Master thread:3 .. Display Function Summary
OMP thread 2:3 Filter All Processes
Function Group M
Accumulated Exclusive Time 173.280322 s
Master thread:0, Val Percentage 70.323889%
5 g o
7] 0
E 4 Function Legend
[ 3 [ Application
I 2 8 4
s 150 [ fitw
: : M Monitor

OMP thread 1:0, Values of Metric "Derived IPC" over Time [ mel

6 : : W owvp

H : : | OMP_LOOP
3 e [l OMP_PARALLEL
E 2 i — | 7] oMP_SYNC
g 1 <7 ; : ; [7] OMP_WORKSHARE

5} _ _ _ _ ¥ THREADS

Connected: Taurus (auto-detect]
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Analyzing Instructions
Analysis (2)

per Cycle

with Custom Metrics

' @ W Trace View - Taurus (auto-ds d

otf2 - Vampir

gromacs-4p-4t-mpi-omp-fftw-ipc/trac

ExRLERCIEESS 8 8¢ Ly

LAl

kb UL s

parallelism

parallelism

~ Master thread:0 ﬁump for @update.cpp:840

Values of Metric "Derived IPC" over Time in parallelism:
Master thread:0
OMP thread 1:0
OMP thread 2:0
OMP thread 3:0

OMP thread 2:1
OMP thread 3:1

OMP thread 1:0, Values of Metric "Derived IPC" over Time

Timeline

2626375 2826385 2682639 2826405 2626415 26826425 2626435 2626645 | | (EESLTIUA

OMP t...d 1:0 lW_—- ; ; Display Master Tim
OMPt...d 220 I$omp for @update.cpp:840 H H Type Function
omPt.d30 ['Somp for @update.cpp840 e : Location Master thre

= Master thread: 1 [ : || oo | : I ‘$omp for @update.cpp:840 1 Function ["1$omp fo

H Function Group | OMP_LC

Interval Begin  2.826365 s

Interval End 2.826396 s

Duration 30.180089

Call Level 2

Source Code  update.cpp

: I $omp for @update.cpp:840 -

0 1 2 3 4 5 B

Master thread:0, Values of Metric "Derived |PC" over Time

ENRTRENTT. )

-

UNE

(=B TAFNTY. )

Context View

Function Legend

M Application
9 frtw

M Monitor

M mPI

M ompP

| OMP_LOOP

B OMP_PARALLEL
[ oMP_SYNC

7] OMP_WORKSHARE!
[ THREADS

Connected: Taurus (auto-detect)

@

TECHNISCHE
UNIVERSITAT
DRESDEN

Forschungslinie z Einfiihrung in die Forschung, ZIH, 2019 -07-08

ScaDSE_l—Il

DRESDEN LEIPZIG

ZIH

T e r—
e e oA



Analyzing Instructions per Cycle with Custom Metrics
Analysis (3)

eCe W Custom Metrics

Description: Derived IPC in OpenMP Unit: parallelism

Metric x

Operation x

|
APLTOT_INS e n
ncrements per Second [ .

I

I

Operation

Multiply N
Metric Metric x "
racs Counter Functionis scive |8 '
API_TOT CYC = > parallel @vsite.cpp:644| | .. |

Increments per Second ncusive |4

\

m | Cancel oK F
_Apply Cancel 0K

x

o

II

Include/Exclude All
Monitor
MPI
OMP

7 OMP_LOOP

| OMP_PARALLEL
OMP_SYNC
OMP_WORKSHARE
THREADS

vvvvvvyvvD

Search
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Analyzing Instructions per Cycle with Custom Metrics
Analysis (4)

(1 () () W Trace View - Taurus (auto-detect): /tredata, iles traces/201 i 4p-4t-mpi-omp-fftw-ipc/traces.otf2 - Vampir

ErpuLEFReTERS S Tl L L el b LI

1 1t

Timeline Context View
00s 25s 50s 7'55~ 100s 1258 1608 1758 [ = | @i Counter.. (|4
- Master threa:0 ll-IIIITI'F 1|1Tjjj[|]l|1||1_| R AN I I I T T E ropert S vre
OMP1...d 1:0 A | T ? Display  Counter Date
OMP1...0 2:0 -IHI\ \II\ Tl ] n Type Counter
omet.azo  WIIFT TN P | RANL ,anr Location  Master threac
= Master threac:1 NIV W TUNE THVN YTV AT MENCT00 0 PO T BT | pakmom 3204363
owpr.avt I TSN WPYTRTEY I PP CATINY | oae om0
: : Minimum 3.204363

Values of Metric "PAPI_TOT _( CYC" over Time in #.'s
Master thread:0
OMP thread 1:0
OMP thread 2:0

Unit parallelism
Interval Begin 3.35648 s
Interval End  3.35651s

OMP thread 3:0 Duration 0us
Master thread:1
OMP thread 1:1
OMP thread 2:1 o =
OMP thread 3:1 Function Legend
[ Application
M fitw
G B Monitor
Master thread™ es of Metric "Derived IPC in OpsnMP overTlrns H H [ MPI
: : M ovp
| OMP_LOOP

- oW b

\ h B OMP_PARALLEL
[ OMP_SYNC
[ OMP_WORKSHARE
¥ THREADS

parallelism

0 - -
OMP thread 1:0, Values of Metric '_Den'ved IPC in_ OpenMP" werﬂ;ne

parallelism
N

o

I
7
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Information in the Spark Dashboard

? Easily usable (no extra tools needed)
? Overview over general information
? Limited wusability for performance analysis (3Why and

sp.afi 231 Jobs Stages Storage Environment Executors DenseKMeans with Params(hdfs:/s... application Ul

Spark Jobs (!

User: jfre

Total Uptime: 1,8 min
Scheduling Mode: FIFO
Completed Jobs: 14

~ Event Timeline
¥l Enable zooming

Executors

= s
£ remoed | Evecutor 0 added |
Jobs
|| Succeeded
B Faikd | count at Densekmeans scala98 (30 0) | @ @ ap | fap at KMeans scala298 (Jon [ cotectasn
Running [ sum at Kieans scala374 (] | couniByValue at KMeans scalar400 (Job 7
5 10 15 20 25 30 35 40 a5 50 55 0 5 10 15 20 25 30 35 40 45 50
3 June 17:35 3 June 17:36

TECHNISCHE | >
@ gglli\;%RESdTi\T Forschungslinie z Einfiihrung in die Forschung, ZIH, 2019 -07-08 Sca DS ﬂ %

DRESDEN LEIPZIG o



Information of the Spark Dashboard in Vampir

? Overview over general information, easier to access information about tasks
? Limited usability for performance analysis (3Why and

ErELEReOTERLSE BV [ =

s s e sas 1 Processes, Accumulatad Exclusive Teme per Function
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Stage could finish earlier ,if task 4 started earlier

2
3
H
-
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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

- ..}
SEXALBROIERLDE OV __ i - +jiad e SREmees o e s SR e T

Tiretine.
20755 30005 3025 3050s  3075s  3100s 31255 31505 3175s 32003

Function Surremary
Al Processes, Accumulated Exclusive Time per Function
55 05

'~ Master thread
block-manager slave-async-thread-pook0.
block-manager-slave-async-thread-pook-1
block-manager-slave-async-thread- pook-2
block-manager-slave-async-thread-pool-3

CoarseGrainedExecut...ckend-stop-executor
dispatcher-avent-00p-0
dispatcher-event loop0
dispatcher-eventioop-1
dispatcher-avent oop-1
dispatcher event loop 2
dispatcher-eventioop-2
dispakcher-avent-oop-3

Executor task launch worker-0
Executor task launch worker-1
Executor task launch worker-2
Executor task launch worker-3
Executor task launch worker-4
files-<sent-6-1

Finalizer
globalEventExecutor2.1
globalEventExecutor-2:2

Executor task launch worker-3

|

1

i
I |
1

[ he.spark.pc netty. -
ClientsC it
he.hadoop. s, leanes runf)

‘org.apache hadaop.hfs PeerCache.run)
0.343 5 [§ crg.apache.spark Internuptblesterator hashiext()
0.234 5 f crg apache.spark uti LongAccumulator addflang)
0.169 5 } org apache spark.rdd ADD$ $anon$1.next()

0.151 s f org apache spark uti collection PrimitiveVector. $glusseqljava 1ang Object]
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0133
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0108 lang Object]
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ontent view %
& O Process Timeline X 4+
Proparty Value
Display Process Timeline
Type Function
Location Executor task launch warkee:3
Function lorg apache spark.storage BlockManager. doPut(org,apache, spark.storage. Blockid. 0rg.apache spark.storage Sto

Function Group MStorage
Intorval Begin  31.209947 5
itervalEnd 31826255

Owaton 06163035

Callevel 14

Source Code  BigckManagerscala 998
Time Range  Set Zoom

W Sporc
B Sorsce
9 User strumentation

core-P

Scalable performance measurement
infrastructure for parallel codes

TECHNISCHE
UNIVERSITAT
DRESDEN

Forschungslinie z Einfiihrung in die Forschung, ZIH, 2019 -07-08

ScaDSn‘_l—Il

DRESDEN LEIPZIG



Further Topics

2 ®)

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 performance issues

VUV VUV a0

a0

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

? LO2S: Performance monitoring via sampling with Linux perf

e
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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,
(3in the experts head JHesystems,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 “ Service Center “ HPC Expertise

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

? Connect experts and application domain scientists
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Motivation

Domain Scientist Service Center “ HPC Expertise

ScaDSDresden/Leipzig Service Center

Integrative Realization

? National Competence Center and Research
for collaborative Big Data
Visual Analytics

drivenresearch
? Established 2014 in Saxony: [ ool Viousl Avalyics [ immorsve Visul intrection |
TU Dresden, Univ. LeipZig, Big Data Integration & Analytics

WPL.C8G, 0k, HzoR, UzE | | —

& I Federal Ministry Scalable and secure Data Platforms

of Education
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Visualisation of Climate Data

Temperature at Station Fichtelberg EH5_L1_A1B(00) 1961-2100

WEREX V Statistical Downscaling + IPCC projection Jan/Dec

? Rapid economic and population growth o e

? Quick spread of new & efficient technologies

? Convergentworld -income and way of A OSISAAAE N

life converge between regions, extensive
social and cultural interactions worldwide

? A balanced emphasis on all energy sources ol Apr

Daily Mean Temperature [°C] Fichtelberg 1961-2100

.
1 ¢ » - - .
h g i - . . L 1
1 i’ T L 1
1 1 1 . !
i ’ 0 L 0 1 .
! ! v 1 1 o 1 0 1 |
1 ! 1 1 1 " il : 1
L ] 1 L 4 f 4 i .
1 4 v ~ - d
b - 4 ’ 1
y 1 o 3 - S : ’
. 4 ~ - - .
. . a - -
. " - = o i d
% ¥ " .— I
., B “ 5
- b ;
4 = - ;
- -
5 ——— - P
-
o .
S . o -
- : L -
-~ o -
b . -
- -
Au e - Ma
l g AR b y
6
4 Jul Jun
II2

2000 2020 2040 2060 2080 2100
WEREX V

TECHNISCHE |
UNIVERSITAT Forschungslinie z Einfiihrung in die Forschung, ZIH, 2019 -07-08 ScaDS ﬂ=|| LH

DRESDEN DRESDEN LEIPZIG




Spatial and temporal dynamics  of flood risks

Climate Ensembles

Estimation of flood risk

precipitation
due to climate change ’ ‘I“”
and the expected damages .
? Climate scenarios
? Hydrologic modelling Hydrgj;;a::;:ﬂglvlode|nng

Q[mis)
1000 1500 2000 2500 3000 3500

Hydrologic Modelling

—— discharge EH5L3RACMO_00 1a

o 500
. L

T T T T T T T
200 300 400 500 600 700 800
Time [h]

Damage Modelling

Flood Damage Map

? Hydrodynamic modelling ¢
Damage Modelling 8
) 338‘000 339‘000 340000 341‘000 3‘2‘000 343‘000
==
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Platinum genome assemblies Z The BatlK project

Goal: Catalog the unique genetic endowment and diversity present in 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 z Einfiihrung 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

Avg. Length Application
PacBiolong reads Contig -

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

.' - -
10x Genomics read
clouds
= CMAP
 — H— 150 - 400kb R S———

Bionano Optical Maps

2E
: S Chromosomes

Hi-Cread pairs
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Assembly pipeline

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
1 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  z runtime

@ Read Patching @ Assembly @ Error Correction @ Scaffolding

1500 2000 2500
Cumulative CPU Time (in days)

>

Assembly Pipeline (149 Jobs)

=t
g
N e
00001 0001 T \\6\61 T \\Bi" T \\\\1i L \\\1\i0 T T \\%\oio T T T \1\\800 T T \\1\0\\i000\ T P
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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

ANl NUI Galw
0 B ®BNTNU

/j IT4Innovations
. ) national
( intel TI.ITI 9@ TECHNISCHE (50000 i
DRESDEN center
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Overview

Design -Time Analysis
? Periscope Tuning

READEXZ

Runtime Exploitation of Application Dynamism
for Energy-efficient eXascale computing

Runtime Tuning
? READEX Runtime

DRESDEN LEIPZIG

Framework Library

? ldentify significant Instrumented Application ? Uses tuning model
regions and Score-P from DTA
runtime situations 7 ? Detect runtime

? Test tuning Design-Time situations
parameters J 5 ? Adjusttuning

? Detect optimal parameters for
configuration Tuning Model energy efficiency

? Write tuning model ? Calibration of tuning

PTF READEX Runtime Library (RRL) model
@EEWE’&S&R% Forschungslinie z Einfiihrung in die Forschung, ZIH, 2019 -07-08 ScaDSﬂ &
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Hardware Analysis and Control READ Ex:—

Runtime Exploitation of Application Dynamism
for Energy-efficient eXascale computing

? Background in computer and processor architecture
? Determinelow -level side effects

? Determine influence of power saving mechanisms

? Provide access to low level hardware parameters

READEX

¥ Instrumentation

Processor

Linux Kernel Module

¥ Provide access to hardware ¥ Performance and Power knobs

¥ Support for different processors

¥ Uses low-level power saving
mechanisms

¥ 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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READEXZ

Runtime Exploitation of Application Dynamism
for Energy-efficient eXascale computing

Score-P Substrate Plugins

? 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

FY
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READEXRuntime Library READ EX=_

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 READEX
Substrate Plugin Runtime
Interface Library

Score-P
Instrumentation

Linux Kernel

Processor
Module

e
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READEXResults READEX:

Runtime Exploitation of Application Dynamism
for Energy-efficient eXascale computing

File Edit Chart Filter Window Help

[ ..._readexftraces... | 30.3 SI |30.8 s
[ ...out_readex/tra... | | 0.505 s

Timeline [

x
30.25 s +0.05 s +0.10s +0.15 s +0.20s +0.25 s +0.30s +0.35s +0.40 s +0.45 s T
Master thread ! ! ! ! ! ! ! !

node taurusi6441, Values of Metric "hdeem/BLADE" over Time 5

300 " o — o "
250 " . w - . ¥

; 200 - S L= ' — —
150
100

Master thread

solve

node taurusie441, Values of Metric "hdeem/BLADE" over Time
300
250
= I _ e iy
200 . = s ) e - s
150
100
. ; "

30.458s 205

Power consumption of a untuned (top) and tuned (bottom )NASBT.Cbenchmark run
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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%

|

¥ & .
&8 N &8 &
mm Default Energy Consumption éEnergy Consumption With READEX =—e=RRL runtime related to default
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Innovative Methods of Computing, ZIH

Development of Open Source Software
to Enable Systems Biology and Systems Medicine
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Open Source Software
Morpheus - GUI-based Simulator for 3D Computational Biology

(Homepage with installers for
Linux, Windows, Mac OSX:

https://morpheus.gitlab.io

, @morpheus_lab

Contact: Dr. L. Brusch
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