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The Biowulf system



105,500 cores / 211,000 CPUs / 4095 nodes
920 TB memory
3.3 PB local scratch (Iscratch)
38 PB shared high performance storage
5 PB of object storage

2018: €9 on the top 500 list

NIH interamural community



Most nodes connected by FDR infiniband @ 56 Gb/s.
Newest nodes are HDR (100 Gb/s)
Connected to NIH backbone @ 100Gb/s
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Node classes

Single node, CPU (32-72 CPUs, 120-370GB)
Multinode, CPU (32-56 CPUs, 58-240GB)
GPU (k20x, k80, P100, V100, V100x)

large memory (1-3TB)

unlimited

quick

Interactive, visual

buy in nodes



Visualization partition

https://hpc.nih.gov/docs/svis.html
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Applications

e multiple versions for ~1000 applications available in
~4000 modules

e Multiple versions of python with ~500 packages each

e Multiple versions of R with about 1600 packages
each

e singularity for containerization

e jupyter and rstudio (desktop, community edition)



Data transfer

For lots of data use globus

Interactive download clients and scp/rsync/sftp use
helix

For convenience mount hpcdrive

For transfers to/from box and OneDrive use rclone
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https://hpc.nih.gov/docs/accounts.htm]
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Biowulf - utilization
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CPU utilization

Cluster CPU Utilization [stacked]
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Applications (by users)
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Applications (by CPUh)

seqlinkage yartrix sidesplitter
raxml-ng READemptlon DNAnexus SIMNIBS

pbsuite 2 atactk hicexplorer gautomatch singularity
.C

i caveman fgtools
randfold &  OpenBabel bcbio-nexigen :
sailfish & Bsoft ImageMagick ~ Ghostscript netpbm . .
I-TASSER 2 metabat maglcb ast  bismark gjqye Intel Compiler Suite
regenie snakemake teeiescope Fas uropa fygens &
cellphonedberystfel g ¢ DETONATE KER APBSgdBc ((:?flent naccess &

= m||qc GEMMA GAMES
bfeseQMrBab'SQ’ et% = igblast
FastTree EagleQIIME = Schrodinger

Gotf aL?gr‘ﬂsE{tus o flye blender

iISAAC b UtIfU = rfmix Frealign
parav?égv IE% meme mc SAS

lumpy = 'E Tplat sSamtools

clustalo verifybamidg o/ MoUrgeon
admlxture jellyfish a scratchid
Datropos N ScArée%Iémate
sratoolkltTOHTOISE
smrianalysis  <PRINSEQ ResMap

AutodockVina £ ?placer gtool
HMMERPpigz 2ltree @ Pirksea elisnp

itlins

wn

3

Q

+
cngattenberg

bowtie2 nanopolish bam2mpg multige

5 EGCC lammps
o albacore ><_| Fiji P SOlarX E(r)erl_k svclone|ppgp hodejs
LASTZFSL < ) p gmap- gsnapA mﬁTeﬁt

wJUICer niests o = seqkit defuse Ppypy, _Autadoc
Pyt Z mash kinghomer hrdetect
alleleCount hhsuite V9 < BOLT-LNM selscan roary
tetoolkit pyDNase  shmlast PIfS &
IdscCﬂﬁAH =MAN iAFN@E)rgplgt = unblurPside &

earc

=seqmix
N Sxengsort
%

w

3

[«]

[=]

<

(4]
Q-Chem™

ExpansionHunter

_‘
o
o
=5
@
xpansionH unterDenovo

= dffcompare

o
&)

tffind

E I_ I O N nchi-toolkit = Segemehlw MutSig
Q HA R M M pr— JuhaMEGAH'T EPyLOH Q-snlffles

t
¢ Gaussian Mm' 3 st?It
IRE " powtie

(2]
(%]
. bedtools @ ro» s
- phylowgs_ GCTAcan RosettaPRANK 28 |—§ g
c

goﬁ%ﬁ’tgr £ mrtrix Blast,, Oplmk dellyGemini z Eq:u,

£ macs 5=5 sga AMBER Smfiisat CiSTEM samblaster

_CS%J(L{Q qctooﬂll:“s cutadapt 5 cuffllnks guppy

2 tools
minimac & jg IMPUTE £ SGA ICE raremetal pvac
W PR GimmeMotifs emspring TVGTasixtookit

Phenix _ Clustalw | plkallisto 5 HTLFAa”LsADe“%?r {obar g,
enix usta U*-' rmblast pph c
Ibzip2Chimera PéDléﬁ:[?IV' w fmllplep Rcorrector xenompe ase =

metaphlan QTLtools =5 h2gtl bclzfastq mapsplice
OptType TRF Hiogs stampy £ mach2qil  freebayes crossmap Mapsp

Phylip

=
g
@
>
< merlin
" diamond ©
TeraStitcher
MALDER hap_py
ANNOVAR

q:
Ul
>
@)
o
o

kbench  MashMa XHMM
vcf2db bali-phy connectome- -Wor ashMap SpllceAl
neusomatic €lastix
AncestiyMap TPMCalculator MAGECK MUSGLE

IGVTools shrimp TelomereHunter RepeatMasker BIOBERT scaﬁlop
PRSice treemix PepysortmeRNA mosdepthAdm'XT°°|S glnexus
drseq interproscan  medaka  summaoyie MotionCor2

o bam2 fastq KMC gnuplot
ST_pipeline  deepvariant haﬁ’ﬁéaddatg P

PSIPRED mtoolbox OligoArray



Storage

1
o
<t

s |
v ©

= —
3 E0
) v A

E"“Imaging

m | '
nu nU nu
Qu

[9d] ebelo1s

- 0c0c¢
-610¢
-810¢
-/L10¢
-910¢
-G10¢
-¥102
- €102
-¢l0¢

18

Year



Publications

p
o
o
O

JeoA J

D

h
o
o
QV

d suoneolgnd

i i
o o
o o
(qP) —

1€




Covid Research

52 .4+ Million CPU hours used
1.2+ Million jobs run

Sample projects (All projects):

 |nvestigating the transcriptional regulators
of hyper-inflammatory responses to SARs-CoV2 infection
[NIDDK]

» Modeling unreported SARS-Cov2 infection from observed
cases, computational modeling of Covid-19 biological
systems. [NIDDK]

e Cryo-electron microscopy of virus proteins and complexes
[NCI_CCR]

e Covid-19 transmission modeling and crossover trials
[MIAID]

¢ Simulations of infection spread in populations [MIDDK]

» Genetic Determinants of Susceptibility to Severe
COVID-19 Infection [nIAID]

¢ Structure of complexes of the SARS-CoV-2 ectodomain
with a variety of ligands [NIEHS]

Biowulf users with COVID-related projects should contact the HPC
staff to get increased priority for their jobs.

https://hpc.nih.gov/cv19.php


https://hpc.nih.gov/cv19.php

Biowulf - training and outreach



Training

e Online, self-paced clases (intro to biowulf, bash)

e Live action classes (e.g. Deep learning by example)

e Documentation (https://hpc.nih.gov) and tutorials
(e.g. https://github.com/NIH-HPC/snakemake-class)

22


https://hpc.nih.gov/
https://github.com/NIH-HPC/snakemake-class

Outreach

e Monthly Zoom-in consult
e Meeting with individual groups
e Cranky email from admin when you broke something
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Support - staff@hpc.nih.gov
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Best practices



before running large
production jobs

T R —

5000 10000 15000
Failed jobs per day
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matters
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Be nice to the

and use
/1scratch
and pipes



swarm
/scratch

1



otherwise this happens

Latency
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Interpreter startup is



For example: concurrent python processes
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https://github.com/wresch/python_import_problem 34
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Make sure you have

in data for your
jobs



Keep In a
directory
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listing files in large directories
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and listing files is the least of the problems
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Biowult storage is not for

(%)



(*) except the object store,
kind of



your data



Have good resource
estimates for your jobs



Completed jobs on norm over last 10 days
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Don't

newwall
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Use

when you can

4.4



Try to run jobs with



Keep startup files
(no conda please)



Please read your
email



Be

and

when you file
an |ssue
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Please

INn your
publications
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to us

statf@hpc.nih.gov



Questions?
Discussion?

Suggestions?
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Cloud computing



Different ways to use cloud computing
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Low level

spin up your own cloud resources and orchestrate your
workflow
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Mid level

e Google, AWS, and Azure provide life science APlIs.

e snakemake/dsub/nextflow/gcloud pipelines using
cloud resources

e some pre-defined pipelines
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Example

(gcp) $ export BUCKET=gs://$PROJECT-1life-science-test
(gcp) $ gsutil mb $BUCKET
(gcp) $ gsutil cp /fdb/app_testdata/bam/grch38/ENCFF374UMR.bam $BUCKET
(gcp) $ dsub \
--provider google-v2 \
--project $PROJECT \
--regions us-east4 \
--disk-size 200 \
--name "samtools index" \
--image quay.io/cancercollaboratory/dockstore-tool-samtools-index \
--input INPUT_BAM="gs://$BUCKET/$BAM" \
--output OUTPUT BAI="gs://$BUCKET/samtools/submit one/output/*.bai" \
--command 'export BAI NAME="$(basename "${INPUT_ BAM}").bai"
samtools index \
"${INPUT_BAM}" \
"$(dirname "${OUTPUT BAI}")/${BAI NAME}"' \
--wait --summary
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High level - sepcialized systems built on top
of the low and mid level resources

e Firecloud

® Terra

e Seven Bridges CancerGenomicsCloud
e |[SB cancer gateway



