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The ROOT data model: Trees & Selectors

Selector
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The PROOF approach /yﬁ\
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/" PROOF farm

= farm perceived as extension of local PC
= same macro, syntax as in local session
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= more dynamic use of resources \
= real time feedback S N e ="
= automated splitting and merging

G. Ganis, AA, 24 May 2006
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PROOF — Multi-tier Architecture

Client Master Slaves Files
Super- Sub- | adapts to cluster
| master masters =

of clusters or
wide area virtual

clusters
Vo ommm W Geographically
SR \ = - separated domains;
\ 'i_;_ heterogenous
i < machine types
.proofd/'\:i_/g

ion ?
less important goedicanueelony » VERY important

Optimize for data locality or efficient data server access
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PROOF — Scalability

= CAF, 4 dual Xeon machines
= CMS selector, 120 MB data (290 files), distributed locally

= Strictly concurrent user sessions (100% CPU used):

1 user

| rate evis/sec | /
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# workers

= No inefficiency introduced by PROOF internals

G. Ganis, AA, 24 May 2006
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Recent developments

= Goals:
= support for interactive-batch mode
= stateless connection
= multi-sessions
= user-friendliness
= management tools
= GUI

G. Ganis, AA, 24 May 2006



Sample of analysis activity
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Monday at 10h15
AQ1: 1s query produces a local histogram ROOT session

AQ2: a 10mn query submitted to PROOF1 | 2L ELCO]
AQ3-=>AQ7: short queries
AQ8: a 10h query submitted to PROOF2

_ Monday at 16h25
BQ1: browse results of AQ2 ROOT session

BQ2: browse temporary results of AQ8 \ on my laptop
BQ3->BQ6: submit 4 10mn queries to PROOF1

Wednesday at 8h40
CQ1: Browse results of AQ8, BQ3->BQ6 \‘ Browse from any

web browser

G. Ganis, CHEPO6, 13 Feb 2006 10



New connection layer based on XROOTD

I
>4
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= Interactive batch requires a coordinator on the server side

= Candidate: XROOTD
= [ight weight top component (networking, protocol handler)
= new protocol implemented as a plug-in to launch and
control PROOF server sessions
= Non-destructive disconnections handled naturally
= stateless connection

= Xrd/olbd control network can be exploited to circulate information

= Can use same daemon for data serving and PROOF serving

G. Ganis, AA, 24 May 2006 11



PROOF management tools

= Data sets
= distribution of data files on local worker pools
= by direct upload
= by staging out from a mass storage (e.g. CASTOR)

= Query results
= classification and handling tools
= retrieve, archive

= Packages

= optimized upload of additional libraries needed by the
analysis

G. Ganis, AA, 24 May 2006
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GUI controller

Allows full on-click control on everything

= define a new session
= submit a query, execute a command
= query editor

= execute macro to define or pick up a TChain

= browse directories with selectors
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= online monitoring of feedback histograms

= prowse folders with results of query

= retrieve, delete, archive functionality
= start viewer for fast TChain browsing

G. Ganis, AA, 24 May 2006
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Near Future Plans

= Data access (see next) -
= Multi-user scheduling (see next)

= Packetizer optimizations
= re-assignment of being-processed packets to fast idle workers
= Dynamic cluster configuration

= come-and-go functionality for worker nodes
= olbd network to get info about the load on the cluster

= Improve handling of error conditions
= [dentify cases hanging the system, improve error logging, ...
= exploit olbd control network for better overview of the cluster

= Testing and consolidation

= Monitoring of cluster behaviour

= MonAlisa: allows definition of ad hoc parameters, e.g. I/O / node / query

G. Ganis, AA, 24 May 2006 15



PROOF: data access issues

* Low latency in data access Is essential

* File opening overhead
= minimized using asynchronous open techniques
= Data retrieval
= caching, asynchronous pre-fetching of data segments
to be analyzed

= Asynchronous features supported by XROOTD / XrdClient

= Plan of work to fully exploit this in TFile / TSelector using the
knowledge available in TTree (L. Franco)

G. Ganis, AA, 24 May 2006
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PROOF: multi-user scheduling issues

= New scheduler component being developed to control the use
of available resources in multi-user environments
(J. Iwaszkiewicz)

= Decisions taken on per query base following a metric based on:
= load of the cluster
= resources need by the query
= user history and priorities

= Requires support for dynamic re-configuration of worker
assigments (prototype being tested)

= Generic interface to external schedulers planned
= Condor, LSF, ...

G. Ganis, AA, 24 May 2006 17
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Testing at CAF

= CAF
= 40 dual Xeon 2.8 GHz machines, 4 GB RAM, GB/s Ethernet
= 215 GB disk pool
= SLC4

= [xcafdev: 5 machines
= testing developments

= [xcaf: 35 machine tested by ALICE (J.F. Grosse-Oetringhaus)
= stress testing functionality
= performance tests

G. Ganis, AA, 24 May 2006 19



Quick demo

= CMS test analysis selector
= 290 files (115 MB) distributed on Ixcafdev

= Local run accessing files from Ixcafdev
* PROOF run with 8 workers

G. Ganis, AA, 24 May 2006
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A real PROOF session

> A ROOT Szssiun Vizwar

) A Dluary Dizlge)
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File Session Query Options

create chain

Execute to
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ncel |

[
j Choose
. selector

open |

—

Frocessing Rate : 14821.3 events/sec

&5833'0”3 Status | Results | Edit Guery
...... .d Local
* i | Evams procesasd per S i
F ke Submit |
- 1eb0130-4
el
Stop |
i
L///
Feedback
: mpot |
histograms
PROOF cluster : "<b0130.cern.ch" - 4 worker nodes
4 files, 263813 events, starting event 0
] it
Processing 415

Estirmated time left : 13.1 sec (§3313 events of 263813 processed)

j Cancel |

| FROOF Cluster lxb0130-4 ready

G. Ganis, AA, 24 May 2006
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Typical end-user job-length distribution

Goal: bring these to the

same level of perception Medium term jobs, €.g.
-~ analysis design and
. /7 7 > N\ development using also
| Number of queries | , \ non-local resources
100 E —
905 ____________________________________________________________________________________________
80 : E
Commands
O e s ] . :
: scripts :
60: ............. ' ................... .......... p ....... Batch
IS SR R R R ! __________ S——
a0 < connected > .\ . . < disc;onngcted >
30 connBetedier e e
20 disconnected / /A . J..\
: - N
TS s e e e LA R
¢ IIII i ||II| IlLIIi 1 il
10 10? 10*

Interactive analysis using
local resources, e.g.

- end-analysis calculations
- visualization

i
4
o
tirne/query in second

Analysis jobs with well
defined algorithms (e.g.
production of personal
trees)

G. Ganis, CHEPO6, 13 Feb 2006
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A real PROOF session - connection

Define new
session

, } = N ROOT Sz2s3iun Vizwsr /[ /=X
o He
&sion—E Predeflned File Session Guery Options / / Help
pcepsft session D|| =::[|fl§[| @l : | Ql gl
pcepsftaz:~ § Sessions)  ROOT Se:
pcepsft43:~ § E‘%"JLDCBJ n
pcepsftd3:~ § 3 File Session Query Options Help
pcepsfta3:~ § - B pcepstt =
: . Bl@E =l | &l | 8| o
[-root (o] TProof::Open()II w’f'dﬁessiu:uns |rNEW Session
A [ Shell :é;?:;gfm " X OO Sagsion Viswar ETN
- o IWERE  File Session Query Options Help
o|@ - [z 2] | o o
% Sessions Status I Caommands | Packages | Options |
..... ,JL,:,,:BJ

* prepsftd 3

Session startup
progress bar

ready

= Connected to Ixb0130.cerm.ch (parallel mode, 4 workers) =

Port number ; 11093

User : fanis

Client protocol version : ]

Remaote protocal version @ 9

Log level : 1]

Session unigue tag : 0-1<b01:30-1135917966-1 2630
Total MB's processed : 0.o0

Total real time used (s):  0.070

Total CPU time used {57 :  0.000

Mew Query.. GetQueries | showlog. |

| PRODF Cluster b1 30-4 reacy [ o008

G. Ganis, CHEPO6, 13 Feb 2006
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A real PROOF session - package manager

Package
tab

Eile Sesszion Query Onptions

Bl@E -l 20| 8l ©f —
of_fdﬁessiu:uns u—

i T Local

Eile Sesszion Query Options

Bl@l =l & | 8 o

I Close |

[ Ena

pload nahle Disahle

_ ot Seasions Status | Commands Packages IOptinns'
2 e B Local
= %--%rl::putust ---;p?:ps 43 %] /hiomedganis/ocal/roottest'olgalevent. ™ Multiple Selection
(1 OutputList '
total 4
drwer - - 3 ganis sf 4096 Mow 10 15:34 AliESD
**+ Package cache 1xb0103. cern. ch: /home/ganis/proof fpackages *++
|| total 124
|| drwer-mr-x 3 ganis sf 409 Mow 10 15:33 aliESD
[ Siwin p s e s 1140953 Now 10 15:32 Al4iESD. par

Zlear |

Query Result Ready for session-0-lxk0130-1 | FROOF [

Show packages

show Enabled |

| " Enahle at session startup

PAR (Proof ARchive)
= ROOT-INF directory, BUILD.sh, SETUP.C
= Control setup of each worker

G. Ganis, CHEPO6, 13 Feb 2006

Query Result Ready for session-0-lxk0130-1 | FROOF Cluster Ixb0130-4 ready
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A real PROOF session: query browsing and finalization

e — . . =li2lix _
. g = = : = Options Inspect Classes Help
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____________________________________ L RMS 0.008494 | |+
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| E
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{ s N i
Retrieve Finalize | 5 &
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Query Result Ready for session-0-xk0130-1" | FROOF Cluster lxb0130-4 ready I L
[ I 200
100/
Query Result Ready for session-0-xk0130-17 | FROOF Cluster lxb0130-4 ready C
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G. Ganis, CHEPO6, 13 Feb 2006 25



A real PROOF session: disconnection / reconnection

= Running sessions kept alive by server side coordinator
= Reconnection is much faster: no process to fork

F Sy 7 7 |
\J] HOOT Szs3lon Yizwear =) (%
ru % r4 File  Zession Query Options Help
'i I m File Session ¢ Dll | | @lﬁl | |
File Session B3|@| =a|: [ seesions Status Results | Edit Query
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Dll Vol |@[| ot Sessions E _{JpcepsfMS —————————————————————————————————————————————————————
; : B o Local I Querﬂ Quecy Mo <
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------ i Local I e Selector - hlanalysis
---l&pcepsﬂ-‘w E _{JbeDISD-i Status o completed
=119 b1 30- B p‘ e e e
aeegeiin (8 ks g s (D ImputList AlLel ot Sy
el Real time : 34 sec (CPU time: 17.7 =sec)
""" DD”tp”tL'St Processed : 283813 events (size: 46,126 MEs)
Rate c 8347 4 evts/fzed
Results . <PROOF_SandBox»/queries/sess L
reconl Outlist . 9 ohjects
disc
| | I
Retrieve Finalize | Show Log |
| Query Result Ready for session-D-pcepsft43-| PROOF Cluster lxb0130-4 ready B 00:01:54 2

ﬁ

The query is now
terminated

User : Gerri - 57

[#%ooooon

| PROOF Cluster [<b0130-4 ready

[ ¥ o061 éi

G. Ganis, CHEPO6, 13 Feb 2006
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A real PROOF session: chain viewer

Right-click

> X /J’ Sassiarn Yizyys
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(¥ 000729

G. Ganis, CHEPO6, 13 Feb 2006
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XrdProofd basics

* Prototype based on XROOTD

XROOTD

files

user 1

XrdXrootd Proto%i%

—
N —

user 2

g SN

~———

A

= XrdProofdProtocol: client gateway to proofserv
= static area for all client information and its activities

/

XPD

XrdProofdProtocol

proofserv

user 1
user 2
*..

G. Ganis, CHEPO6, 13 Feb 2006
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XrdProofd communication layer

slave 1 slave n
fork(
XrdProofd proofslave\« XrdProofd
s = xS

G XC| TXSocket
‘ XS| XRD links
master
e /
XrdProofd XS » XC| client

G. Ganis, CHEPO6, 13 Feb 2006



Workflow: Pull Architecture L
Slave 1 _ Process{"ana.C") MaSter Process{“ana.C") 3 Slave N
GetNextPacket() GetNextPacket() |
=3 . -
0,100 o) 100,100
GetNextPacket() o
- > [ S
200,100 g L GetNextPacket()
@ 300,40
GetNextPackei-'” - m & GetNextPaCket() .
340,100 "q'j 440 50
GetNextPacket() y ﬁ GetNextPacket()
+ >
490,100 & 590,60
SendObject(histo) : : SendObject(histo)
Add )
histograms
Return
results

dynamic load balancing naturally achieved

G. Ganis, CHEPOG6, 13 Feb 2006 30



PROOF @ AlIEn: command-line session

" TGrid: abstract interface for all services

// Connect
TGrid *alien = TGrid: :Connect (“alien://"”);

// Query

TString path= “/alice/cern.ch/user/p/peters/analysis/miniesd/”;

TGridResult *res = alien->Query(path, ”*.root"“);

// Create chain from list of files
TChain chain (“Events", “session"“, res->GetFileInfoList()):;

// Open a PROOF session
TProof *proof = TProof::Open(“proofmaster”) ;

// Process your query
chain.Process (“selector.C”);

G. Ganis, CHEPO6, 13 Feb 2006
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PROOF SLAVE ffg*

PROOF @ GRID

Slave servers access data via SERVERS
xrootd from local disk pools = § PROOF SLAVE
= E = SERVERS
PROOF SLAVE =EEEE
SERVERS = g g ‘%|
g E‘“ﬁ
i PROOF
SUB-MASTER
SERVER PROOF
SUB-MASTER
Proofd Startup PROOF SERVER
...... [ SUB-MASTER
SERVER

Guaranteed site access through
................... PROOF Sub-Masters calling out
G to Master (agent technology)

GRID Service Interfaces
TGrid Ul/Queue Ul

" Grid Access Control Service ‘ <

Grid/Root Authentication &< Demo’ed by ALICE
at SC03, SC04,

Grid File/Metadata Catalogue @

USER SESSION

A

Client retrieves list
of logical files (LFN + MSN)

G. Ganis, CHEPO6, 13 Feb 2006 32



