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> The IceCube Observatory
> Computing resources and needs of the lceCube collaboration.
> The lceProd frame work.

> DAGs in IceProd

> Applications of DAGs GPUs

> Limitations of cluster managed workflow management.

> lceProdDAG
> Performance

»  Status and future work
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IceCube Lab

1450 m|

2450 m
2820 m

-

iceTop

81 Stations, each with
2 lceTop Cherenkov detector tanks
2 optical sensors per tank

324 optical sensors

IceCube Array

86 strings including 8 DeepCore strings
60 optical sensors on each string
5160 optical sensors

December, 2010: Project completed, 86 strings

stripcos:)ead optimized for lo ie
s miz wer energies
e o g s g

Eiffel Tower
L |324m

Trigger rate:
~100 neutrinos

lceCube

1.7x108 muons per day

ICECUBE
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I C b IceCube detects light generated by secondary
Ce U e particles as they travel through ice

The IceCube

Statlons on the surface will
gather data from the digital
optical modules, which 1s then
collected at the IceCube lab
for analysis

1.5 Miles

P e lceCube comprises an array of
86 strings, containing 5,160

n |c,1 les. This arrangement allows

scientists to trace the paths of

muons from their trail of light

radiation as they pass through the

massive structure

The IceCube will be

. . . many of the less interesting
T . locally produced cosmic rays
T that the Earth is constantly

bombarded with

Empire State N )

Building to scale

Eiffel Tower and




The IceCube Collaboration

42 Institutions
~300 collaborators

Ohlo State Umversnty
Pennsylvania State University
Southern University and A&M College
Stony Brook University
University of Alabama
University of Alaska Anchorage
University of California-Berkeley
. University of California-Irvine
University of Delaware
University of Kansas
~ University of Maryland
=___l.!mverslty of Wlsconsm-Madtson 3

Fonds de la Recherche Scientifique (FRS-FNRS) German Research Foundation (DFG) The Swedish Research Council (VR)

Fonds Wetenschappelijk Onderzoek-Viaanderen Deutsches Elektronen-Synchrotron (DESY) University of Wisconsin Alumni Research
(FWO-Vlaanderen) Knut and Alice Wallenberg Foundation Foundation (WARF)
Federal Ministry of Education & Research (BMBF) Swedish Polar Research Secretariat US National Science Foundation (NSF)



lceCube Computing Resources
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Motivation

IceCube collaboration needs to produce large volumes of CPU-intensive
simulation and process event reconstructions on detector data.

Processing of simulations/reconstructions needs to be coordinated and
simulation/reconstruciton parameters as well as use need to recorded and
documented for every dataset.

Collaboration members have access to a variety of computing resources
distributed accross the world.

Different batch-systems/middleware
Different operating systems/platforms

In many cases, computing resources are not administered by the local
lceCube group.

IceCube is a large experiment by (university standards) but it is not LHC and
does not have an infrastructure like CERN.

7 AR aIBECLJBE

8



lceProd

» IceCube’s computing resources are heterogeneous and distributed over many
institutions.

» The IceProd framework is designed to distributedly manage production across
multiple sites.

» IceProd runs at user level on top of other middleware.

» It provides a simple solution to manage and monitor distributed large datasets
and allows for an easy way to integrate multiple clusters and grids with distinct
protocols.

» It makes use of existing technology and protocols for security and data integrity.

o AR aIBEBUBE
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Why not use existing middleware solutions?

IceProd is designed to use software and protocols available on most systems.
As such it requires minimal effort to setup and there is typically no need for
opening special ports on firewalls.

In many cases, computing resources are not administered by the local
IceCube group making it difficult to integrate into a large grid by means of
Globus Toolkit or similar middleware.

In addition to managing and monitoring job submission, IceProd provides a

detailed record of configured parameters, software versions used, RNG seeds,
etc. that are necessary to guarantee reproducibility.

e aIBECLJBE



lceProd

IceProd is a software package based on Python, XMLRPC and GridFTP. It is
driven by a central datalbase in order to coordinate, administer and drive
production of simulations and processing of data.

It is not a replacement for batch queuing systems or grid middleware.
lceProd runs as a separate layer on top of other middleware and can take

advantage of a variety of computing resources including grids and batch
systems such as CREAM, Condor, NorduGrid, PBS and SGE

lceProd




lceProd Server Daemons

. . . = XMLRPC
soaptray listens for incoming =+ Database protocal.
- - atc YS. Frotoco
requests from client 1o mn GndrTP iceprod-client
soapqueue checks queue for jobs to g\@/g
Process soaptray
. . : (iceprod-server) ~ soapqueue
soapmon receives monitoring (iceprod-server)
updates from jobs = I 5 PR =
soapdh handles data movement Submit o T 7 . FT oot Nose
' /“ .\
when jolbs complete ! = soapmon — K
. , TH (iceprod-server) WH
soaphisto merges and displays m A JULY «
verification histograms e GridFTP Storage __.==""""
______ e
e
. SURLR a.IBECL_JBE



lceProd Plugins

» Plugins provide an way to abstract the
details of job submission for different
batch systems

» Derived class

» Overload commands for specific batch
system:

» queueing
» check job status
» remove/cancel job

G ite

/- NOROUGRID

Lrwr’ Do Vo Sl v

Enabling Grids
for E-sciencE

®_ s . H
- 9 . -
g *" e

ICECUBE
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lceProd Modules

4 -
emodules: modular objects that perform specific (mocfl'uleo)
computational/lO tasks (mo dule 1) tray0
etray: groups of modules associated to a general task I
eDefine an environment (shell, software versions, etc) (moduleZ) v
ecan be run as for loops \_ Y,
epuilt-in set of modules for performing common tasks )
erepository-based module for running external custom (moduleS)
modules from SVN repository. k7 tray1
(module4) loop through
¥ n-iterations
(module5)
\ _/

“/CHEP 13

aIBECLJBE
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“/CHEP 13

Job Excecution Pilot (JEP)

Determine platform
Parse input xml steering
Download software and file dependencies (HT TP, GridFTP, CVMFS)
Setup environment

Update status on server through XMLRPC

Transfer output files (GridFTP)

Update status on server through XMLRPC

Clean up working directory

e C

15



Job Management

» Job goes through series of states with

Max. time
reached

M
M
K
.
.
-
-
f-f

"

v

v

configurable timeouts in case

communication is dropped.

» Job is automatically resubmitted if it [

encounters an error

» If max_failures is reached, job is set -

to FAILED K.

» If DEBUG is turned on job is set to
SUSPENDED after any failures.

requeue True

Move data to data warehouse

& 'ceCcuse
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Load Balancing

¥ Rather than placing the burden of load balancing on a master proce
each grid-site acts as a consumer of jobs.

¥ A soapqueue deamon contacts the central database and checks for
pending jobs

¥ Sites essentially compete for jobs on a brst-come-Prst-served basis

¥ Sites that consume jobs faster are therefore automatically assigned
work.

¥ This avoids situations in which sites are starved of work whlle other<

[IC59.CORSIKA Sit tribuy

might be overburdened.

(_ CHEP ‘13
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Fault Tolerance

¥ A main daemon thread continuously monitors the state of other
daemons and reports to the database.

¥ If a daemon fails the main daemon will attempt to restart it and will noti
the administrator after a predebned number of failures.

¥ Jobs are continuously monitored and will get reprocessed if a timeout |
exceeded.

¥ A failed job will be resubmitted until it succeeds or until a maximum
allowed number of failures is reached.

< CHRLT a-IBE[:LJBE
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lceProd Client

¥Sraphical User Interface

X Available Services

Default Name Class

Project

perticledatase

mediumservicef

2N ara

file Edit Jobs Tools Help

URL

[3ParticleDataServiceFactory

I3MediumServiceFactory

\ Xiceprod

https://condor.icecube.wisc.edu:9080

Evemts
0

iceProdPre

name

Rerations

1

class

generate_corska i3.kceTray

IceProdPre Modules Services IceProdPost Projects

phys-services

phys-services

Steering IceTray[0] | IceTray[1] IceTray[2] KkeTray[3] keTrayid) IceTray(S]

L

B e

YCMD line interface (666
. DbID
¥Shell interface o
¥editor of XML IceProd/IceTray 76
steering files 77;!
78|
¥XMLRPC interface to daemons 170}
¥Job submission/control 80|
| 30|
000 _ 3. Python o 32:
(1): SYSTEMATICS [}
(2): BENGHMARK | 71 ;
(3): TEST |
(4): TEMPLATE ‘ 28
(5): SYSOK 29|
choice: @ ‘ l
You selected (9): PHYSICS. | 311
is this correct? (YN): y |
Please type a brief description of this run. ;43 f

You may write multiple lines. To finish just enter o blonk line:

> Level2 IC86.2011 neutrino-generator Nubu with weighted spectrum of EA-1, 34 |
otonics</b>. Angulor range of @. deg < theto < 189. deg and energy ronge o 39]
eV

| 37
dataset has been enqueued with id 9366 I
queve id | status | grid | last update | hostl user time | sy 72
"""""""""""""""""""""""""""""""""""""" |74
iceprodsh> help ‘ -z
Usage: iceprodsh [option] <url> <command> <args> E:!
options:

—~—~—

& Ahadir

066

Type Name

nt m

string IPModuleURL  $steermg(SCRIPTS::repository)/simulation/generators. py

Value
$steermng(mjd_09)

string IPModuleClass generators.CorsikalC

string gcdfile
string outputfile
string summaryfile

$steermg(gediile_09)
$steermg(current file)
$steermg(summaryfile)

\ Parameter Table

Unit

19



Monitoring

C 0 D
) e 3 On S o1t 3 ¥ FrNIO N ST 3% STt ils ORI
20 | AachenCLUST RWTH-Aachen condaor_nfs o V00-05-04 | RUNNING | RUNNING |RUNNING
24| ALiCEnext BU-Wuppertal alicenext 0 V00-06-00 | RUNNING | RUNNING |RUNNING
19 chiba Chiba-U condor_nfs o Voo-05-04 | STOPPED | STOPPED | STOPPED
9 desy DESY 20 V00-06-00 | RUNNING | RUNNING |RUNNING
8 | FearTheTurtle UMD ;ﬁ 184 V00-06-00 | RUNNING | RUNNING |RUNNING
1 GLOW UW-Madison condor 459 V00-06-01 | RUNNING | RUNNING |RUNNING
22 IHHE 11HE-Brussels condar_nfs 0 V00-06-00 | RUNNING | RUNNING |RUNNING
4 Katrina Southern University pbs 166 Voo-0504 | RUNNING | RUNNING |RUNNING
6 Mons UMH condor_nfs o V00-06-00 | RUNNING | RUNNING |RUNNING
2 NPX UW-Madison phs 0 Voo-0504 | STOPPED | STOPPED | STOPPED
P 1TW Aladienn rhe ah Vanak.as | RIDONING | RITNNING  TRITNNING
| (Aay Meupropeat 8 ) [ Ay Ceserator 8 )[ Any Coid 8 ) Run 186225130 &) [ Any Dazaset ¢ Asply Fizen
L [ Aoy Job Sutus 1)
"
W Suspend @ Resume
Page:12» Results 1 - 100 of 114.
JobID Runid Date Status Metaproject  Generator Grid Host Errors Progress
2050~ std-processing '
o 186125130 116389 o8- OX rddcases.11-02- Test opx3  nodeoss g:::’u
H H 100.00%
¥jobs update status via XMLRPC 18 0
e sté-procesing ofails  E—
whizsist 1689 o8- 0K rdcases.11-02-  Test npx3  nodenzo o evicts
¥error messages are stored on DB 18 00 100.00%
2010+ std-processing
Ofails  EE-———
H H H H 18625152 1638y o8- 0K rdeases.11-02- Test npxy  nodeods
¥unified monitoring for multiple clusters > - ® oeks 15000
2010~ std-processing
625153 16389 o8- OK reeases. 11-02- Test npxy  nodeoq2 g::‘u o
18 0o 100.00%
2010~ std-processing -
0 186125134 116389 o8- OK relcases. 1102« Test Bpx3  NOde0dq ofsls
8 0o oedcts  00.00%
2010+ std-processing -
186125135 116389 o8- OX recases.11-02- Test ppx3  nodeoddq o"&:’
8 0o oo 100.00%
2010 std-processing o fails
86125130 16389 o8- PROCESSING rdeases.ai-oz- Test npx3  nodeodq
18 00 onicts o 0o%
2010~ std-processing .
1861251y 16389 o8- OK rdeases.11-02- Test npxs  nodeos2 :::2:‘ e

20



Web Interface

Ycatalog of datasets

¥grid site/dataset/job monitoring
¥grid site/dataset/job control
Ysearch engine for production db
Ydataset/grid statistics

Juan Carlos Diaz-Velez

Simulation Production
IceCube Internal

Production Umsation 07-00-34 8] | mevanno-genevance 8] | Asy Cng 8] | Any Dotaser Sranus 3

Ary Dataset Category 3§31

Dataset 1051 simulation 02-00-14  mestrino-generator  CLOW  AHYSICS  READYTOPUBLISM
¥ Description

1C22 neutrino-generator Nuk with E*-1 neutrino spectrum, using AHAO?v: photon tables, 90deg < theta
< 1Bodeg, 103 < E < 1079 GeV.

|

9 Finish ) Retire B3 nuke & Cean ® Mide

Dataset 1045 wmulation 02-00-14 pestrino-generator Sesy PHYSICS PROCISSING

N
l
g

IC22+TWR peutrino-generator NuMu with E*-1 neutrino spectrum, using AHAO?VI photosn tables with
AMASpan for TWR, 70deg < theta < 180deg, 10GeV < E < 109 GeV. This dataset uses [3BasicHisto to
generate histograms.

»
P Ctaret
> Ast

Dataset 1044 smulation 02-00-14 AL TIING - generator desy PHYSICS PROCESSING

<
i
g

1C22+TWR peutrino-generator NuMu with E*-1 neutrino spectrum, using AHAO7v1 photon tables with
AMASpan for TWR, 70deg < theta < 180deg, 10GeV < E < 10°9 GeV. This dataset uses I3BasicHisto to
-a

N

1



Web Interface

Details for IC79 OfflineFiltering
Type: PHYSICS

Production
Aljases

Datasets Description
Jobs 1Cy9_OfflineFiltering V2
o — Calendar view
Graphs P : -
Submitted/Processing Processing With Erroe(s) Completed Successfully SIS
Ycatalog of datasets Grids

Nodes April 2010 May 2010 June 2010

¥grid site/dataset/job monitoring

¥grid site/dataset/job control g 45 67 89w 23 45 678 [EEEEEESNE
11 12 13 14 15 16 17 9 10 11 12 13 14 1% 13 4 15 16 17 89
H ] UW Job Queve 18 19 20 21 22 23 24 16 17 1B 19 20 21 22 un.ugqt_{
¥search engine for production db e 2 7 W WP W 225w 7B
. . . 301_’1
Ydataset/grid statistics W CHTC Noitor
Production Grids’ status July 2010 August 2010 September 2010
|2 2 3 1 2 3 4 5 67 T .
: 8§ 6 7 8 9w 8§ 9 1w m 121y 5 6 7 8 9 101
Documentation ’u 13 14 15 1617 15 36 1 18 19202 12 13 14 15 16 17 18
lceProd 19 20 N 23 /M 22 23 24 25 26 27 28 19 20 21 22 23 24 35
45 %6 3 W wpew 29 303 26 27 28 29 30
October 2010 November 2010 December 2010
b s i e T Pt
I - 44
S 4 86 & 7 89 7 8 9 10 m 23 stvtonul
w1 o3 w58 1415 36w Sww e s 8o
17 18 19 20 ; 2wey M 22 23 24 2 WP 19 20 o o 25
4 5 6 ¥y MWy B ¥ o 2% ¥ 2w yon
3
January 2013 Febrwary 2011 March 201

ISun Mon Toe Wed Thu Fri Sat ISun Mon Twe Wed Thu Fri Sat n Mon Tue Wed Thu Fri Sat

21




Web Interface

Dataset 3887 CORSIKA-in-ice

Steering

Ty 0
= angulorrange string  Ssteering((ORSIKA: :cthmin)deg < theto < $Ssteering(CORSIKA: :ctheax)d
Ty | composition string  polygonato model
¥catalog of datasets Tar 2 CORSIKA: :atmod "3
] ] ] . ] Ty 3 CORSIKA: :cthmax dodble 89.93
¥grid site/dataset/job monitoring CORSIXA: :cthain dosle @
Tray 4 CORSIKA: :dslope doudle @
I I I CORSIKA: :ecutsl double 273
¥grid site/dataset/job control Ty § TR secota s 273
. . Tray 6 CORSIKA::ecuts3 doudle .03
¥earch engine for productiondb CORSTIR: -ecatsd Gadle B
. . . CORSIKA: :eprimorymax doble lell
Ydataset/grid statistics CORSIKA: :eprimorywin  couble 600
CORSIKA: : fluxsue double  @.131475115
CORSIKA::infile string  Sspeintf("DATEROS.g2", Ssteering(CORSIKA: :run))
CORSIKA: :1ength doble 1600
CORSIKA: :model string  sibyll
CORSIKA: :oversospling int 1
CORSIKA: :rodius doble 3N
CORSIKA: : run int Seval(Sorgs(proowmdel)
CORSIKA: :seed it Sevol((Sorgs(dotoset) 10008 « Sorgs(procnum)) X 1000000)
CORSIKA::showers int 250000
current_file string  Sspeintf("Xs.cut.i3.g2", Ssteering(temp_file))
current_file 2 string  Ssprimtf("Xs.out.2.13.92°, Ssteering(tesp_file))
energyrange string  Ssteering(CORSIKA: :epriscrymin)GeV < Eprim < Ssteering(CORSIKA: :epe
FILTER: :indir string SPWD

& 'ceCuse
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DAG (Directed Acyclical Graph) -based
simulation

¥Separate simulation segments into tasks
¥ssign task to a node in DAG
Y¥ifferent tasks can have specific

hardware or software requirements

Tasks

Name Tray Iter Host

generator O O cabinet-7-7-31.t2.ucsd.edu
photonics 1 0 gronos5.hep.wisc.edu
photonics 1 1 g16n33 hep.wiscedu
photonics 1 2 gi6n25.hep.wiscedu
photoniks 1 3 gi6nos.hep.wisc.edu
photonics 1 4 gi6n36.hep.wisc.edu
photonics 1 5 cabinet-7-7-20.12.ucsd.edu
photonics 1 6 gi2n22 hep.wisc.edu
photonics 1 7 giran3thep.wisc.edu
photonics 1 8 giano8.hep.wiscedu

59 2 0 gt4n23hep.wiscedu

ic59 3 0 g4n23hep.wiscedu
verification 4 0 cabinet-4-4-25.t2.ucsd.edu
trashcan 0 0 cabinet-6-6-28.12.ucsd.edu
Task Graph

e D

L

Status Start

OK  20:10-01-08 11:39:03
OK  20:10-01-08 17:51:53
OK 2010-01-08 17:51:54
OK  20:10-01-08 17:51:27
OK 2010-01-08 17:51:34
OK  2010-01-08 17:52:00
OK  20:10-01-08 17:51:59
OK  2010-01-08 17:52:06

OK
OK
OK
OK
OK
OK

faf
L

2010-01-08 17:52:06
2010-01-08 17:56:22
2010-01-08 16:01:43
2010-01-08 16:17:36
2010-01-08 21:22:12
2010-01-08 21:40:42

Finish

2010-01-08 14:23:33
2010-01-08 18:14:25
2010-01-08 18:13:44
2010-01-08 18:18:56
2010-01-08 18:18:46
2010-01-08 18:21:07
2010-01-08 18:34:37
2010-01-08 18:08:11
2010-01-08 18:03:37
2010-01-08 18:09:10
2010-01-08 19:17:36
2010-01-08 19:36:15
2010-01-08 21:34:24
2010-01-08 21:41:35

& 'ceCuse
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ceCube Simulation Chain &

" PARTICLE PROPAGATION )

4 BG/Signal Generation
.- .....0.......) -
. W,

°
\ ) °
°
°
°
°

" PHOTON PROPAGATION ) o *
o ® fDetector (electronics+trigger) B

J

>

23
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Photon Propagation

......

......

(between scatterings)

photon absorbed

new photon created
(taken from the pool)

threads complete
their execution
(no more photons)

24
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Photon Propagation /l

K

U energy lost + cascades = photons = p.e.
photon propagation : ice properties + PMT response + DOM glass/gel

absorptivity [m’ 8|
oe

wa P

(=

bl ana? 2,
22

e
o
b

002 4

26

26



ceCube Simulation Chain &

" PARTICLE PROPAGATION )

4 BG/Signal Generation
.- .....0.......) -
. W,

°
\ ) °
°
°
°
°

" PHOTON PROPAGATION ) o *
o ® fDetector (electronics+trigger) B

J

>

27
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ceCube Simulation Chain &

~N

4 BG/Signal Generation

.

" PARTICLE PROPAGATION )

.............) -

\_ W,
Y I
® ([ J
® ([ J
(Detector (electronics+trigger) )

GPU-based )

27
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GPU-based Production

¥DAGs allow for optimal usage of specialized
computing resources such as GPUSs.

¥GPU nodes can be fully dedicated to GPU-tas

YOptimal DAG differ depending on the specibc
application.

Tasks
Noeve Toey Der Hest Nate Varl Fovak
prrerel e oalenet 73 30 bk wond ode O 2000008 L0l MO0 o8 Wk )
Photrescs £r0med hep wae ody ox MO0 08 125088 MO0 08 By
Photoskcs Sy dep wisc.odn ox 00000 17315 ool iRy as
PR a0 hep winc.ode ox 200000l 175037 3wo-on-off Lk iyt
e B e weae v O 200 0f 120054 Mool 1B R
My b wine sy CK 20000008 128000 P00 08 (B2 0
oot rraothecdeds O 2008135000  MMO MO8 1By
033 2ep. wisc.ode OX 200000 15306 2000000 Lok
2031 bep whac adu OX  ow0ccoflirgaosd  0w0-on-ofl ikeyyr
e ) O 2000008 129000 P00 08 1Bae
sy hep wise odn O 2000008 190148 MO0 08 11
enkd bep wisc.ode ox PO 08 (IR MO0 08 Vg
it --4-astasondede OXK 2000000 313313 2000000l 213834
et bl auadady OK 20000008 314043 20000008 304108

Task Graph

[
-'-'--g Ll e e e
9
s

$ceCuse
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GPU resources GZK3000

e University of Wisconsin GZK9000: 48 Tesla M2070 GPUs (shared with CHTC @ 30%).
e University of Wisconsin NPX4:

e 8 servers with 4x Nvidia GTX 690 cards (dedicated)

e 8 servers with 4x AMD Radeon 7970 cards (dedicated)

e NERSC Dirac: 44 NVIDIA Tesla C2050 (code named Fermi) GPU with 3GB of memory (shared)

e University of Maryland: making a large purchase,

e University of Alberta: 60 special 12-core nodes that have 3 general-purpose GPUs each (shared),
e RWTH Aachen: 58 Tesla GPUs (shared),

e DESY-Zeuthen: 40 Kepler 820 GPUs,

e TU Dortmund: 10 Tesla 2070/2095 GPUs.

( CHEP 13




GPU usage

Optimal usage of GPUs depend on the type

of simulations and the DAG topology.

If you are limited to a single cluster more
GPUs ! more throughput.

You can starve the GPU's if you don’t have
enough CPUs to generate input and
consume output of GPU.

Pooling collaboration resources results in
more efficient use.

GZK GPU Usage

> D O P P S b

¥ e v - o v

™ 2 L Sf¥e: ) ‘:f ":’ \r.’ \tf' \d’
» » )

g L L ...'_.\ .;:_.\ o & 5 o .;.-_.\ .;:\.\ o \a\ \:.\ .'.'_-\ .;:_.\

LR -

e

Type

IC79
NuMu events
200000
CORSIKA polygonato
25000000

1C86.1
NuMu events
200000
NuMu E~-1 Hybrid
5000
NuE events
200000
CORSIKA polygonato
25000000
CORSIKA LE 5-comp
10000000
CORSIKA HE 5-comp
30000

Average no. of CPUs/GPU

31.50

6.97

20.85
0.91
7.74
5.93
7.93

11.51

&

lceCube
30



Distributed DAGSs In the
lceProd Frame Work



lceProd DAGS

Disadvantages of batch-system-based DAGS:

" Simulation DAGSs limited job to clusters with GPUs.
" An entire DAG job is restricted to run on a specific site.

" Cluster don't all have same resources available. One may want to run specific
tasks on one cluster (e.g. GPUs) and others on an entirely separate cluster.

" Support for DAGs varies across batch systems and is non-existent for some.

" Ratio of available CPUs (or GPUSs) is not always ideal (or constant on
opportunistic environments).

"In order to optimize usage of GPUs, it is necessary to have an appropiate
balance of hardware (CPU/GPU).

" This can be achieved by pooling more resources.

" cHer 13 3.IGEGUBE
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lceProd with batch system DAG: run DAGS In
separate clusters

> IceProd DAG: run tasks in separate grids.
> lceProdDAG allow DAGs to be truly distributed.

> Distributed workflow diagram (DAG) support in production
system facilitates optimal usage of resources.

> Support added through lceProd plugins:
> lceProdDAG (master):

> Resolves dependencies between
vertices and exposes task to
salve.

» TaskQ (slave):

> Treats tasks a regular jobs (does

database

IceProdDAG .
Master not care about hierarchy)

& & 'ceCuse
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Automatic Support for Existing Plugin

¥ plugin classes are
automatically generate
using Python
Inheritance magic.

¥ Adding a TaskQ versior
of a plugin is as simple
as conbguring an
existing plugin.

“/CHEP 13

def MkI3Task(BASECLASS):
nmun
class factory function: Generates new plugin class derived from a
given base class and the Task(Q class.
@param BASECLASS: plugin class to extend
@returns: a new class that inherits from dag.Task(] and BASECLASS
nuen
# inheritance resolution order is important!!!!
class mydag(TaskQ,BASECLASS):
def __init__(self):

1 BASECLASS.__init__(self)

TaskQ.__init__(self)
self.__name__ = BASECLASS.__name__+ Tasjll.__name__
self.logger = logging.getLogger(self.__JMme__)

def CheckJobStatus(self, jobs):
mmnn
Querie status of job on queue
@param jobs: list of I3Job or I3Task objects to check
if isinstance(jobs,list):
job_list = jobs
else:
job_list = [jobs]
self.localdb.FillTaskInfo(jobs)
return BASECLASS.CheckJobStatus(self,jobs)

34



Automatic Support for Existing Plugin

def MkI3Task(BASECLASS):

¥ plugln CIaSSES are class factory function: Generates new plugin class derived from a
automatically generat¢| [ queue]
using Python pbs.Pbs s
Inheritance magic. pbs.Torque
condor.Condor
¥ Adding a TaskQ version sge.SGE
of a plugin is as simple

as conbguring an
existing plugin.

def CheckJobStatus(self,jobs):

Querie status of job on queue
@param jobs: list of I3Job or I3Task objects to check
if isinstance(jobs,list):
job_list = jobs
else:
job_list = [jobs]
self.localdb.FillTaskInfo(jobs)
return BASECLASS.CheckJobStatus(self,jobs)

“/CHEP 13
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Automatic Support for Existing Plugin

def MkI3Task(BASECLASS):

¥ plugin classes are

class factory function: Generates new plugin class derived from a

automatically generat¢| [ queue]
using Python pbs.Pbs s
Inheritance magic. pbs.Torque
condor.Condor
¥ Adding a TaskQ version sge.SGE
of a plugin is as simple

as Conbguring an self:i;gger - logging.getl'.;;ger(;glf._
existing plugin.

def CheckJobStatus(self,jobs):

[queue]

pbs.Pbs: :TaskQ
pbs.Torque: : TaskQ
condor .Condor: : TaskQ
sge.SGE: : TaskQ

“/CHEP 13

34



Site Attributes

[queue_attributes] i

o <task id="background">
<taskTray iters="0" tray="0"/>
<taskReqs>$attr (CPU)</taskReqs>

</task>
= 4000 <task id="ppc_bg">
<taskTray iters="0" tray="1"/>
<taskReqs>$attr (hasGPU)</taskReqs>
————— </task>

<task id="corsika">

<taskTray iters="0" tray="2"/>

<taskReqs>$attr (CPU) and ($attr(Mem) > 2000) </taskRegs>
</task>
<task id="ppc">

<taskTray iters="0" tray="3"/>

<taskReqs>$attr (hasGPU)</taskReqs>

</task>

¥ Similar syntax as HTCondor ClassAds but appliec
site-level rather than host-level.

¥ Set in iceprod.cfg.

¥ Allows arithmetic and boolean expressions.

e & 'ceCuse
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eTask goes through series of states in a similar way as job.
MceProdDAG (master) ignores tasks whose state is not IDLE allowing
for TaskQ to clean up task before resubmission.

Start Submit

IDLE
T True
R SRR Max. time
: reached
............................................. :,4_.-
reset job
False
?
True ok?

Move intermediate data to temporary storage

e & 'ceCuse
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Intermediate Storage

ackgroun corsika
¥ Each site is configured with a temporary e I T~
storage URL l l
¥ For distributed DAGs you need to configure |"ex*] |
sites to with common set of URLS \ ,/
¥ It may be inefficient for tasks to use a remo oK
storage element when a near one is availal l
¥ Ideally you want to schedule tasks near the level? | g
data (move the job to the data rather than ti l
data to the job). rashcar

| SURER a-H:ECILJBE



Optimal distribution of work loads

(tcorsikza—l—background)

(fiCSGdetO + Elevel2)

Rpu = i 2

> (tppc+pp6-bg) " (tpcherC-bg)
Task i (sec) o (sec) Z (sec)
corsika 1689.02 475.50 1540.0
background 3294.80 789.24 3048.5

ppe 489.79 793.71 4520 o
ppc_bg 1059.95 1708.74 999.0 g
ic86det0 1218.07 401.14 1171.0 5
level2 816.8  326.97 781.0 >
trashcan 1.8 467 0.0 s
combined corsika 2492.73 1034.12 2458.0 =
combined ppc 77498 1362.58 663.0 =

- /cher 13
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~
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w
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6.65

Relative number of processing tasks

@ @ ratio
=== median=7.90
— u=11.77

Time interval (hr)

$'cECuse
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Status and future work

» There is active development on IceProd and IceProdDAGs to include new features
and general improvements to performance.

» A new design is under development that includes a distributed database and allows
users to setup private instances with SQLite.

» |ceProd has recently been adopted through an MoU by the High Altitude Cherenkov
(HAWC) gamma-ray observatory for mass processing of event reconstructions from

- HAWCProd

‘ HAWC lceP d -
| Home  Configuration Files  Allases Datasets  Jobs  Tests JobQueuves Domaing
Aty Metaproject Any Cenerator & Any Crd

Page: 1
1 Status Metaproject
PROCESSING Aerie 1L19.00
PROCESSING Aerie 1.19.00
: SHEP 13 | PROCESSING Aerie 1.19.00

G

Generator
test

test

test

i Objectid#43?

Grid
aspen

aspen

aspen

MROCESSING

Host
aspenzi

aspenzs

aspenl

o~ :
. ’ 5
. v b
. . ’
. . 5 . .
’ - ¢ ’ .
. ; b . <

g ‘et -
Chci here 1o login L

. " s
: & Y .
- 'l' -
. \
: ,\
1

‘ )
-~

Apply Fivers

Results 1 — 100 of 264.

Errors
o falls
0 evicts
3 falls
0 ovicts
2 fails
O ovich

Progress
0.00%

0.00%

e alcEBuBE
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Summary

» IceCube’s computing resources are heterogeneous and distributed over many
institutions.

» The IceProd framework is designed to distributedly manage production across
multiple sites.

» IceProd runs at user level on top of other middleware.

» It provides a simple solution to manage and monitor distributed large datasets and
allows for an easy way to integrate multiple clusters and grids with distinct
protocols.

> |t makes use of existing technology and protocols for security and data integrity.

» DAGs provide an efficient way to break a job into separate and parallelizable tasks
that can be allocated to targeted resources.

" cHer 13 3.IGEGUBE
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Summary

» IceProdDAG provides a way to easily expand the scope of DAGs to different grids
and clusters through the IceProd frame work.

» There is active development on IceProd and IceProdDAGs to include new features
and general improvements to performance.

» IceProd has already recently been adopted through an MoU by the High Altitude
Cherenkov (HAWC) gamma-ray observatory for mass processing of event
reconstructions from data.

o AR aIBEBUBE
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following agencies:

U.S. National Science Foundation-Ofbce of Polar Programs, U.S. National Science Founc
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Wisconsin (GLOW) grid infrastructure at the University of Wisconsin - Madison, the Open
Science Grid (OSG) grid infrastructure; U.S. Department of Energy, and National Energy
Research Scientibc Computing Center, the Louisiana Optical Network Initiative (LONI) grit
computing resources; National Science and Engineering Research Council of Canada; Sw
Research Council, Swedish Polar Research Secretariat, Swedish National Infrastructure f
Computing (SNIC), and Knut and Alice Wallenberg Foundation, Sweden; German Ministry
Education and Research (BMBF), Deutsche Forschungsgemeinschaft (DFG), Research
Department of Plasmas with Complex Interactions (Bochum), Germany; Fund for Scientip
Research (FNRS-FWO), FWO Odysseus programme, Flanders Institute to encourage scie
and technological research in industry (IWT), Belgian Federal Science Policy Ofpce (Belsj
University of Oxford, United Kingdom; Marsden Fund, New Zealand; Japan Society for
Promotion of Science (JSPS); the Swiss National Science Foundation (SNSF), Switzerlan
research has been enabled by the use of computing re- sources provided by WestGrid anc
Compute/Calcul Canada
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lceCube Computing Resources

Aachen (Germany)

Mainz (Germany)

NPX4 - Madison (USA)

WestGrid - Alberta
(Canada)

OSG (USA)

Ghent (Belgium)

Bartol (USA)

PSU - Pennsylvania
(USA)

EGI (Germany)

Brussels (Belgium)

SweGrid (Sweden)

UC-Irvine (USA)

DESY (Germany)

Tokyo (Japan)

Bochum (Germany)

Dortmund (Germany)

UMD - Maryland (USA)

Wuppertal (Germany)

LONI - Southern U. | SHTC/GLOW/ PDSF/Carver/Dirac
(USA) GZK9000 UW- LBNL (USA)
Madison (USA)
%‘_L EeblGeG? ,.-f’ NORDLGRID »,'4 A
na 'n rl s by’ Jefmmews I @ wle e
for E-scienc A mEERE Westorid| (D G|
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Data

Processing

Demands

Bulk of data filtering is performed at South Pole before
satellite transfer on 300 cores

FilterLevel livetime runtime (2.6 GHJ)
L1 ~8 hrs/run 2 CPU-hr/min

L2 19.7 CPU-hr/min
L3 (W) 0.031 CPU-hr/min
L3(cscd) 0.021 CPU-hr/min

lceCube Lab




Simulation Demands

simulation

livetime

runtime (2.6 GHzcpPU)

single shower

~10 sec

3.5 h/core

signal (E*) 9.4 sec/event
signawv, (E?) 5.5 sec/event
signalv, (EY) 12.7 sec/event
signalv, (E?) 5.3 sec/event

“'CHEP 13

Volume of data storage: ~10 TB/week

*) estimated : runtime depends on configuration



Intermediate Storage

¥ For this we define a distance metric that us

background
OK

corsika
OK

the transfer speed to a storage element as
factor in calculating task priorities.

¥ For a given site, priority Is given to tasks wh
Input data has a high transfer speed (small
distance) or no input data (e.g. root vertices

¥ For storage elements that are inaccessible
site you define the speed equal to zero (infir
distance).

“/CHEP 13

l

l

ppc_bg
OK

ppc
OK

\

/

ic86det0

OK

l

level2

OKF
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trashcan
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distance parameter x (MB/s)

speed metric

13

Evolution of Average Speed (Dataset 9036)

— average
-=- w=0.01 |
— w=0.1

Iyl |

................................

i .
0 200 400 600 800 1000
Interval

- As a further optimization we
allow the speed metric to vary
with time in response to network
changes.

 This is an area for further
research and possible
improvements.



Best case scenario

- In the best-case scenario, each
vertex has at most 1 parent
and a time complexity of

“/CHEP 13

task0

/\

task1l

task2
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taskBAT///

task4

task5
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Worst case scenario

 The worst case scenario is a
maximally connec ted DAG with

the larges number

edges at each vertex an

time complexity of

T(n) =06(nn

of parent
da

- 1)/2)



Time complexity

50

401

10f

T(n)= O(n(n! 1)/2)

Dataset 9544 with |V|,|E| = 7.6

T(n)=06(n(n-—-1)/2)



Job Steering Structure

A job executes instructions based on the following set of directives

<configuration>
<steering>
</parameter> <!--user defined global variables -—>
</steering>
<tray iter=n> <! software environment instance —>
<module> <!-- configurable module to perform arb. task >
<parameter/> <!-- module parameters ——>
</module>
</tray>
</configuration>

tray instances and contain an arbitrary number of modules and can loop over
a specified number of iterations using a common software environment.

module instances can be from a set of predefined modules or a user-defined
script to perform an arbitrary task.

SHEE2 a.I[:EBuBE
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lceProd XML Expressions

¥ In order to give XML configurations a certain amount of flexibility based on
input parameters, has a scriptable pseudo language:

¥ Comand line options:
$args(procnum), $args(npro@tc - is replaced by value passed
via options-procnum=, --nprocs etc.
Steering parameters as variables:
$steering(<varname>)is replaced by steering parameter
Python expressions:
$eval(<expr>) restricted python expressions
String formatting;:
$sprintf(O %s %d %f O, <exprl>, <expr2>, <expr3>)
System-specific variables:

$system(photontablesdir)

K K K K K

Recursive expresion evaluation.

AR a.I[:EBuBE



Security and Data
Inteqgrity

¥ Integrates LDAP authentication and
SSL encryption.

¥ Jobs are assigned a randomly
generated temporarypasskey

¥ Thispasskels used to authenticate
when sending updates to
monitoring server

‘ CHEP '13
AMITTTOAM

¥ Data transfers are done via
GridFTP using grid certibcate
proxies signed by a CA.

¥ MD5Sum of each Ple is generate:
on completion of job and stored ir
database



