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 Dan Flath

« Karen Heidenreich
« Charlotte Hee

« Tony Johnson

« Max Turri

* Much of what | describe here has been done in collaboration
with many others including:

— Tom Glanzman, Warren Focke, Richard Dubois, Norman
Graf, Jeremy McCormick, ...
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Fermi Pipeline and Web Tools
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" Launched 11 June 2008 — LAT activated 25 Juné
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In Orbit: Single Events in the LAT

The green crosses show the detected positions of the charged particles, the blue lines show the reconstructed
track trajectories, and the yellow line shows the candidate gamma-ray estimated direction. The red crosses show
the detected energy depositions in the calorimeter.

0.25 CPU sec/event to reconstruct: downlink 500 Hz
T.Johnson Each photon event independent of others
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Fermi One Year All Sky Map
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../../../Downloads/NEW_Fermi_All_Sky_Dissolve_1280x720.mp4
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« All of the data processing and data quality monitoring can be done from the web
* No need for anyone in the control room, monitoring load shared globally

T.Johnson 10/?7?
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Fermi LAT
Data Processing
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http://glast-ground.slac.stanford.edu/DataProcessing/
http://glast-ground.slac.stanford.edu/TelemetryTrending/
http://glast-ground.slac.stanford.edu/ASPDataViewer/
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http://glast-ground.slac.stanford.edu/DataCatalog/

é Wired4 Event Display for GLAST L!f

o Baswra [ wor k. Bewr-a L b L SRS AT souctt. PBami- 2 s
WIREDA4 T e 1
— Java based experiment independent 3D el Data Portal Catalog =7 i
eve nt d I S p I ay .':.:."'"-;; - “:'.,'Tum— i r:;n /::-t--k-/s«wc-cmmw./-nnuon GRvISrS/runy
— Many features including g e | s Gt
* Custom views, Dynamic Cuts E::‘; ﬂ"‘
For GLAST set up as web start Eeo
application integrated into data catalog | ===
— Started by single-click on data catalog web
interface. No prior installation required 3
* Except Java itself — but always there thanks to e
EVO
— Dialog allows user to select events of R e
interest o Geins

— Web service used to find location of files
containing requested events from

database o
— CORBA server used to fetch “HepRep”
description of event com i
— Event display appears... ——

T.Johnson [Lgoes




é WIRED4 Event Display for GLAST

JASS: GLAST-WIRED4

Ble Wew 1000 Window Hep
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http://glast-ground.slac.stanford.edu/DataPortalWired/wired4.jnlp?folder=39684091&runMin=&runMax=
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“Astro” Server Web Interface

The P6_public_vi event sample currently contains 190,185,596 events covering the time period 2008-058-04
15:43:36 UTC (239,557,418 MET) to 2009-10-22 11:23:53 UTC (277,903,436 MET) .
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Number of events selected: 369311

Value

Parameter
Job Name
Ewent Source
Minimum energy
Maximum energy
Minimum MET
Maximum MET
RA
DEC
Galactic Object
Radius
Event Class
Output (FT2 Files)
QOutput (Event Data)
Debug
User Comment
Expert Options

Astro job submitted l

Your 3ob tomy3-AstroServer-00040 hes been submetes.

Your datz will be svadable for Sowniosd from fip.//Mp-glest siac stanford ecu/ plase W27/ DataServer/ 1 256242366055
You sl 2e sert an e-mad 2t wey)fsiac.sanfond ety when yoor )00 has completed.

You Can mentor your Job'S Progress ssng the Foelne

£, Up 10 Ngher Wt Sreciary
Name Size Last Modified
» ey St lerver 00D SLAOAN pame 40 WBVIN RN
oy dcteslerver 000D A1 te W BN MR M
Srenyy Satvrlevver 000D N X0y tey WO DI M0 MM
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http://glast-ground/DataPortalAstroServer/

User Request
Time/Energy Range
Position in Sky

Quality
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“Astro” Server Implementation @

¢« &

Dedicated
Oracle
Database
~200 Million
Photons

T.Johnson

Event List

Xroot File Server
Root Tuples
Fits Files
~12 TB

L ALART Mt

Within the database events are indexed by time,
energy and position using a hierarchical
triangular mesh (HTM). Database partitions are used to
split the data into 1 week time bins and 32 position bins
within each time bin, each containing 1024 HTM
regions (shown above) . The use of HTM triangles
makes it easy to identify which regions are entirely
contained in the user request, and which are partially

contained and require finer selection (below).
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 Pipeline design goals
« Automated submission and monitoring of batch jobs
« Very high reliability
Ability to define graph of jobs to be run
« Ability to parallelize processing tasks
» Ability to perform simple computations as part of job graph

« E.g. Compute how many parallel streams to create as a function
of the number of events to be processed

- Ability to “Roll Back” jobs (whether successful or not)
« Capability to automatically compute sub-graph of jobs to rerun
« Maintain full history of all data processing
« Data catalog to keep track of all data products
« Web interface for monitoring jobs and submitting new tasks
« Plus command line client, and programmatic API

T.Johnson 17/?7?
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é Pipeline and Data Catalog Components %L«f_.

Oracle

read-only

\’{ INFII\I/Gr Batch
Job Contro e
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- Pipeline Task specification (XML) & -~

SkimmerRuns

SkimmerTaskParallel

ALL DOME

merge Data mailConfirmation

<process name="skim">»
<script>
<! [CDRTA[
from java.util import HashMap
start = 0
chunk size = DP_FILE LINE + 1

vars.put ("DP_START", start)
end = min({ start + chunk size, DP FILE LINES )
vars.put ("DP_END", end)
if end»startc:
pipeline.createSubstream ("SkimmerRuns", i, vars)
start = end
1>
</script>
<createsSubtasks>
<subtask>SkimmerRuns</subtask>
</createsSubtasks>
</process>»

<task name="35} version="1.0">
<process name="skimmerBuns">
<variables>
<var name="streamID">%{format (pipeline.=stream, "$04d4d") }</var>
</wvariables>
<job maxCPU="5{DP_ SKIMMER MAXCFU}">
cat ${DP_FILE LIST} | head -${DP_END} | tail -$((DP_END-DP_START)} > partlist

export SK FILE LIST FILE=partlistc
eXport 5K_GUT_DIR=S{DP_OUT_DIR}/S{StreamID}
export 5K _ENFORCE OUTPUT_ FILES=false
export SK MAX FILE SIZE=0
export SK_OUT_FILE BODY=%{DP_JOENAME}-§{streamID}
mkdir -p ${5K _OUT_DIR}
$5K_DIR/bin/skimmer
</job>
</process>
</task>

T.Johnson
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| g il Level 1 Task Specification o=

Digitizatiqn

Reconstruction
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Back-End
Components

Stored
Procedures

!

PPA Scientific Computing

Pipeline Implementation

Application

JMX

‘Connection

Pool

JMX

Line-mode
Client

Pipelive
Server

| RMI

Job Control Service

A A A

T.Johnson

Front-End
User Interfaces
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http://glast-ground.slac.stanford.edu/Pipeline-II/
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- Pipeline Performance and Reliability L,q
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111717 Jog meta-data

110718 log meta-dats

0/
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Most of our Fermi web
applications deliberately built
with simple technology
— Plain JSP pages + tag
libraries

- SQL embedded in JSP

« Available at the time we
started Fermi
— Uniform technology
« Easily accessible to non
experts
 Easy to rapidly
customize
We have recently started
looking at “Google Web
Toolkit” GWT for adding

Interactivity (AJAX) to web
applications

— Looks promising

T.Johnson

Adding interactivity to web applications.z« =
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http://exo-data.slac.stanford.edu/ExoDaqGuiGwt/

« We have cleaned up many of our web tools to remove any vestigial Fermi
dependence, and set up a portal at:

 http://srs.slac.stanford.edu/
« Can easily be configured for different experiments, e.g.
« http://exo-data.slac.stanford.edu/

« We have set up a second “non-Fermi” version of pipeline server and data
catalog

« Currently starting to be used for EXO, CDMS and AGIS
« EXO will use pipeline for data processing starting next summer
« CDMS are using the pipeline for MC data processing

« We are working with Fermi Italian and French collaborators to create a job
submission daemon to work with the Grid

«  We would like to extend pipeline to be able to submit jobs to the “Cloud”

T.Johnson 26/?7?
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é’/ Web Tools/Pipeline for other Experimentss -


http://srs.slac.stanford.edu/
http://exo-data.slac.stanford.edu/
http://exo-data.slac.stanford.edu/
http://exo-data.slac.stanford.edu/

PPA Scientific Computing
gm/ﬁ

Other Web Tools

In addition to building our own web tools we try to
Introduce existing commercial and open-source
tools especially those which enhance distributed

collaboration

T.Johnson
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Confluence first used at SLAC

by Fermi.

— Used very extensively for
scientific collaboration,
discussion of results.

Adopted by many other
groups at SLAC

— Confluence and JIRA now
maintained at SLAC by CD
(Ernest Denys)

T.Johnson

Confluence
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http://confluence.slac.stanford.edu/
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3 EEL"’

JIRA also used by Fermi and
many other groups

Excellent web-based issue
tracking system

Can be extensively customized

— For instance with custom
workflows we use it to keep
track of release approval
process and simulation
requests
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' Other collaborative tools Gl =

« CVS, Subversion, Sventon, Nagios, Hudson and FreeHEP
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Java for visualization, reconstruction and
analysis
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f ;/ Why Java for HEAP? 7

« Javais a pure Object Oriented Language
 Simpler to learn and use than C++
— Language design emphasizes ease-of-use, programmer productivity
* Not hampered by historical baggage backwards compatibility with C

- I(_:ack of direct access to pointers eliminates large source of common errors in
++

+ Especially for less expert developers
— Garbage collector takes care of freeing unused objects
« Avoids many common programming errors
« Avoids distorting OO design by removing need for “ownership” of Objects
— Very powerful standard libraries build-in
* Cross-platform GUI development
 Huge number of open-source libraries
« Libraries for scientific computing
— Apache commons-math, JSci, FreeHEP, ...
- {Dh{sicist gets to concentrate on writing clean OO code to perform analysis
aSKS
* Not understanding core dumps and learning difference between a pointer and a reference.
« Javais increasingly a (maybe the) mainstream OO language
— Taught in many university courses
— Overtaken C++ in popularity for “open-source” projects
— Very widely used especially in the areas of
* Web application development

« Graphical enterprise applications
» Other fields of science, especially astronomy, biology, ...

T.Johnson 35/?7
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é Why Java for HEAP? . s

« Platform independent, compile once just runs everywhere

— Linux, Windows, Mac OSX
« Saves a lot of time when supporting code on many platforms

— Makes possible tools such as Java WebStart where user clicks a
button on a web page to start an application with no need to have
pre-installed any software.

 Full runtime access to information about classes (methods,
member variables etc)

— Directly usable by scripting languages, analysis toolkits, 10
— Replaces need to invent these mechanisms ourselves (c.f. CINT dictionary)

 Performance of Java code is close to that of C++
— Although Java is initially compiled to machine independent “byte-codes” these are
converted to machine code at runtime
— Dynamic (runtime) optimization can take into account actual usage patterns
Not available to static optimizers used by Fortran, C++
— Garbage collection often more efficient than user written malloc/free (or new/delete)
— Many benchmarks available on the web
+ Some show C++ faster than Java, others show Java faster than C++

Our experience is that overhead of garba%]e collection and factors like array bounds .
{_:he_cklllng malﬁes (well-written) Java slightly slower than (well-written) C++, but overhead is
ypically sma

Often raw performance is irrelevant compared to savings in development time
— Whichin turn can lead to cleaner more optimized code to begin with

T.Johnson 36/?7?



é Why Java for HEAP

 Excellent tools (in many cases free)
— IDE’s

* Eclipse, Netbeans, IDEA, ...

« Typically integrate editing, code completion, documentation viewing,
refactoring, debugging, WYSIWYG GUI development, performance
analysis, ...

 These IDE’s now support many languages including C++

— Java has lead the way in excellent IDE support
— JMX

« Ability to connect to running program to view statistics, memory usage
and control program execution,

« Perform memory and thread dumps on running programs

« Support for user defined “mbeans” for dynamic access to program
functionality

— Build tools, ant, maven
. I\{I]aven allows a project to be build from source with a single command
that:
— Downloads correct versions of all dependencies
— Compiles the code
— Runs unit and integration tests
— Deploys library to allow it do be used as dependency for other projects

« Also allows web site, documentation and reports to be generated and
deployed in a single command

« Configured with a single declarative project description (in XML)

T.Johnson 37/?7?
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Why Java for HEAP

Y
o
o o I\‘

kY e y
-
q LART Mo

D 0% Yoe Dubd Bo Py Sefgnxr Wwyoreg Dok Snaee b

SRRy BAM adevH

RE30)

Fles Rictine | Pershn.,. e ikt x |§, eTen e x (), MsCondorsConverte e % [B
B 0N 8O I NI AR 2 < 3 Vrmas o
o B oo hien reton hyachrg s oo T, Sh - B » LW e a o
T Ty ee—— i Umgest stetic Jwve lmy N b arias
% ) g ke recon Irackingtlever 1 trwert stetie twrn leg Mok 35
“
¥ ) oeg ko racon traching vl A4rd s
B op de vcon bl =%
‘ 2 s 10000 g 0 2 Sara.lemg. aliect
¢ B oo konrem hebrg b RO 2
B-05 cop Kot rimiin vebaagog. Vs . - . [peblic boeleam N R
& B oo o recon praing b IiBcaon WO Sares oty chisct i "o b thes com
+ B oeg Koo a0 g deste 0 »
-0 oo kois miiiees X Thee & LA Festhnd Inplormts o )i e (K00 0 w0l (4t
’ e 1 I waar
& B ooglanasd 1
& B ooghoar udam 23 ® 2 kv for sy norvrndl relwrerne vilee X, x . agala(a)
EO = I R 4 pelic class o retues Trae
o B Omg e 0 Fourved 3 [ ® 2 i rvwrweton: bar ey romrd iefaremee sshoes x ol
O B oog ks w8 heprep 3 29 v ORI Y] Sl et tiue f w0y £y 2pmla i)
& B co3 emielin PO taTe tIue
3-8 copdanisthoco " - ® 12 b tranativa: bor anre ran rall sefweance vahes X, 3, and 2, ¢
BB ook ik sap ’ . 2.equelz(y] st trae and v, el (2] rebura Saue S
B oog bowr utd e " U AL oganinf ) shald roben LLus
o 3
" " A e v & N, el
N JUERe
TS N el e e
& TR A Sy, oy 4 © Ol ORut> getCioout) gt ien
N TN 2 & ot badTudel)
o B Toomtary e pot .
Tost 3 °
- :.' sty | 2 e g o
« - o~
Nevigatie - Helts “s :
MDA SR coalaak o,
© QOO s e ) PR S sinlad g
& el aveTobdrte drser ¢ umer o
© oelatuncaTc e | " Prannar @ &
B Geew et oty ) “ shitate &
[ had “ radiusd O tookae x)
By etdoatioras vt ) il B wisia
‘. » " |
“
s ziale anie bl
VIS gt v E Dt
| Ubrdote - beneser
| tondord Dupzet Comwnarnd fwvsberd
Tioe | Pevarw et

u Caormatet® T atiebbded pne

|

Matmlubder Jws  x

andedne ¢ Lanbdal

g st phgrronm 1oyt w4 T bl osd Jwe

2 -
P R T R T e LI
[ETe———y P TS TT T ]
41 Sorvmn mwame 1w
v Py | Tonadt | Claston | WY marveary | A
— r— A
e » r ==
| - — T
1 = |
1o > ' e
== ==
R L Ure 2 ek T T
— g
o oy |
Pre ‘ ¥
LYLS ‘ .
\
e
= = . ow
el | - Dom
= ==
VARG A e (8110 Totek 160 e O L 11,5
0 Lown Manbainng It Marognrent £

LA Coormonon - pndos  te

Cwermom | Parsery | Teeah | Ouvows | V90 Suemiry
& 3 PEcerentaon

3 o rsgeart

2 hee by

o e 1t oo

. 9 Lagrg

o 00 g datacetrer e
= B M

+ Mrdarce

+ Comstara

1) S Schec et
0 Thesatboa o b

v B e mardw
+ W lecaticaenm
D R

P Mo

.

Netbeans IDE

T.Johnson

-
* B R B
s
W DEherds

|

Jconsole
38/27



PPA Scientific Computing ‘
&z ILC Detector Development w'1

« Goal of ILC detector development is to study a variety of
different possible detector configurations/technology for a
future linear collider.

« Work has been ongoing for many years
— Typically involves people who only work part time on this
project
— Students, post-docs typically work for 1 or 2 years then
move on to something else
« Software needs to be flexible, very easy to learn and use

— At past workshops we have distributed software suite on
CD with goal “15 minutes from zero to physics”.

« Windows, Mac, Linux

T.Johnson 39/??
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J@Reconstructlon/&mulatlon/AnaIyS|s Framework as used
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= LCIO Persistency Framework =
. Object model and persistency  LCIO Persistency Framework
J p y VN ’T\\—/___?\\
- Events & 2 &2 2
« Monte Carlo /,é\ » : . P
¢ RaW I{/_ Q‘\ " Java, Ci+, Fortran| Java, G+, Forran
« Event and run metadata Generator Hoeon- Analysis
. | struction
— Reconstruction

— Parameters, relations,
attributes, arrays, generic
objects, ...

e Allthe ILC simulators write LCIO

— Enables cross-checks between
data from different simulators

| SimCalorimeterHit ]

’

— Read/write LCIO from |
« Fast MC / Full Simulation StmTrackeri |
» Different detectors \C

» Different reconstruction tools

41/?7?
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i org.lcsim: Examples
e 5

Elo €& Vew Tk Locp LCI0 Tods Window @4 Hep
LR

® Exangles =
org.lcsim examples

These axamples are wntten usng the Java Bnguage ARer openmg them yoi
and then use feed data to them using the Run memu

u need to compile and load them,

\
Ouﬁl

12 for (MCParticle particle ; paricles)
2o

29 aida.cloud1Denergy") fill{particle. getEnergyd);

2z aida.cloud1D{"cosTheta" filljvecOp.cosThetalparticle. getromenturm ),
23 aida.cloud1 D phi" AllidecOp. phifparticle. getMomentum ),

29 i

5}

26}

AnEly i ilmro to analysis with AIDA
b0 cisendcndtion Add a boalean value to the EventHender and read # back agan fram
b cifferent Driver

I ReceaChester example that makes perfect clusters, tracks, and

phoatct recanstructed particles

IClusterFinding Find clusters using the Nearest Neghbor chuster

~yr- A m

DigSuntoaenple Digtization exarple unng the Degisen paciage

3 G Simple diagnostic event generator File Edit Wew Tuple Loop LCIO ‘Window Help

FasthC Run the Fast MC = = o B outfile.sicio |+ | 44 ] 2e A h d (S
JatFigag se the Jet Finder B"ﬁgatasitls | | ) Examples * || LSim Event * " [#] ClusterFinding. java * | [#] Analysis101.java xl

B outfile, slcio

JLC100utput Wiite LCIO output 4 frport orglesim.utilaida AIDA;

INestedDnverEsenpleiNest analyns Drivers 2 import hep.physics wec Ve Op;

PontEventHmader Print the EventHeader of eech event g !mpomava.uhll.Lmt;

- ¢ impart org.lesim.event.EventHeader,

i v Skep events using the NedEventException 5 impoart org lesim.event MG Particle;
TowialPFA gva l‘\ﬂ example PFA using full cheatng & impart org lesim.util. Driver,
7
om_kdm Jylllon enmples for advanced users zfublic class Analysis101 extends Driver
10 private AIDA aida = AIDA defaultinstance;
These examples are wntten i Jython. They bave to be executed from v 1
of executing Jave examples as well You will have to prownde data sampl 12 public void process(EventHeader event)
Tutonal wisit Wnting a Jvthon Dover 13
5 ~ 14 I Getthe list of MCParticles from the event
mainl.ocp gy I"'bc Mam Jython wrapper to Ipad any other Java or -'Y‘I 15 List=MCParticles particles = event getiMCParticle.class svent MC_PARTICLES):
A modified Jython wersion of Analysis10] @va Arﬂ'vssl 4 fi Histogram the number of particles per event
Aralyna 102 py ' lyin 1 i : ' 17 aidacloud! DPnTracks™ fillparticle s size );
a4 t2 M Loop overthe padicles

rlasspath:forg/lcsimplugin/webjexamples/analysis 101 java
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Edit  Wiew Tuple

Loop LCIO  Window  Help

Ddm = ) B outfile.siio v |4 P[> B

PPA Scientific Computing

org.lcsim: Exam

Datasets

| @ Examples = [{ LCSim Event

@ ClusterFinding. java = " @ Analysis101.java *

oukfile, slcio
Programs

aida31133aida ]

LE R B R B EREERE R ESREREHR.

Run:0 Event: 0

TkrEndcapHits
HealEndcapHitshMClust
EcalEndcapHits
WexBarrHits
HealBarrHits
HealEndcapHits
EcalEndcapHitshrChust
MuonEndcapHitshMClu
LumEndcapHits
MuonBarrHits
MCParticle

ThkrBarrHits
EcalBarrHits
EcalBarrHitsMMClusters
HealBarrHitsMMClusters
MuonEndcapHits
LumEndcapHitshrChust

LCIO Event Header
Run o
Event o
Time Stamp FriMar 11 14:25:13 PST 20035
Detector Mame sdjand3
Blocks
Mame Tvpe
HealEndcapHitshChsters org.lcsim.recon, cluster .nn. NearestNeighbor Cluster ~
HealBarrHitsHNClusters orglesim.recon er . Mearestieighba = ]
EcalEndcapHitshMClusters
EcalBarrHitsMMClusters

ples

inalvzed 1 records in 406ms

T.Johnson

MuonEndcapHitsMMClusters dl File Edit Yiew Tuple Loop LCID  ‘Window Help
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org.lcsim: Plot Viewing

File Edit Wew Tuple Loop LCIO Window Help
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7:39:44 AM ——————————- compile successful

I}:anLNew (21333 entries)

T.Johnson

44?7



PPA Scientific Computing

=" Using org.lcsim with WIRED4 r

File Edit Miew Tuple Loop Window Grid Help

a} B panpyttbarsixets-0-100_5LIC_v2rOp0_acmeDéS.siio v |4 P [» 2 i) B E QARSI P S ARy oon B
L& d

Q Interaction | A, Picking | 2 Settings | e Cuts @ velcome x| [ view 1 x
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b = Design Goals

« Keep technology simple for flexibility
— Goals change frequently
— Plain JSP pages + tag libraries
— SQL embedded in JSP
« Design for portability and reuse
— Always manpower limited
— E.g. pipeline
 Modular systems with loosely coupled interfaces
— AIDA, HepRep, LCIO
— Make use of industry standard solutions wherever possible
— Maintain ability to move forward with new technologies

— Small independent applications which work seamlessly
together

* Developed in independent timescales
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& = Future Plans

« We have clearly developed more stuff than we can support with
the small group that we have

— Many items are barely/not supported now
« JAS, WIRED, AIDA, Plotter
« But still new items we would like to explore
— More interactive web applications
« GWT looks like a promising direction
— Database optimization
 More usage of Oracle 119 features
« Optimization using Oracle Streams AQ
— Ability to exploit many-processor architecture

 Threading support and concurrency utilities in Java make
this an obvious target

— Cloud computing

e Using cloud computing tools at SLAC

« Use of remote cloud computing facilities
— Collaborate with Root team, others....

T.Johnson 47]?7?
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éf Interactions with CD o ==

« We have worked very closely with CD in many areas:
— Unix support
— Batch farm
— Oracle/mysql support
— Confluence/JIRA support

* Thereremain some areas where | think collaboration could be
enhanced

— General support of web tools and technology
« E.g. Single sign-on

— Collaborative tools (e.g. forum software)

— Account management

— Security issues
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&./ Conclusions

« We attempt to design software which can be reused by many
experiments

— Particularly appropriate as SLAC moves away from the ERA
of one large experiment towards many smaller experiments

 Most of our interactions with CD are very positive

— We seek to build strong collaborations with CD and other
groups at the lab
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