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1 Abstract
TODO: Write this part as the last one

At GSI distributed analysis tools under usage of grid resources are being developed within
work package 3 of the HEP community Grid.

A starting point is the analysis framework ROOT. Making use of a set of abstract classes
provided by ROOT (TGrid ...) an interface to gLite is being created to enable Grid access
directly from within ROOT. This includes querying the File Catalogue, job submission,
getting job status and output. By combining several stand-alone PROOF based analysis
facilities using existing Grid Middleware large dynamically generated Grid Analysis Clusters
can be created.
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2 Introduction
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3 Distributed parallel data analysis

The aim of distributed parallel data analysis on the Grid is to enable physics collaborations
and individual physicists to use the power and resources of the Grid.

The four experiments ATLAS, ALICE, CMS, and LHCb, at CERN will collect, in the first
year, an amount of about 20 Petabytes of data. Also in the following years the LHC (Large
Hadron Collider) experiments will produce data in the order of Petabytes, so it requires a lot
of storage space as well as CPU power in order to perform simulations and to do the analysis
of these data (see Figure 1).

Summary of Computing Capacity Required for all LHC

Experiments in 2007
source: CERN/LHCC/2001-004 - Report of the LHC Computing Review - 20 February 2001
(ATLAS with 270Hz trigger)

---------- CERN -------m-- Regional Grand

Tier 0 Tier 1 Toral Centres Toral

Processing (K S195) 1,727 832 2,559 4,974 7,533
Disk (PB) 1.2 1.2 24 8.7 11.1
Magnetic tape (PB) 16.3 1.2 17.6 20.3 37.9

1 SPECint95 = 10 CERNunits = 40 MIPS
today dual PIII ~ 100 SPECint95

Figure 1: Summary of computing capacity of LHC experiments [1]

Conventional Mass Storage Systems and Batch Systems of individual computing centers can
handle very well subsets of this dataset. When scaling up to the total amount of data one
requires an equivalent scale change from single computing centers to a complete Grid of
computing centers.

Each LHC experiment will involve an average of 1000 physicists. This is an important
parameter since all collaborators must have access to the data. In this case Grid can be the
only solution for coordinated efficient production, data distribution, and data analysis.

In this paper we will discuss not only advantages, which a production Grid would bring to the
HEP (High Energy Physics) community, but mostly possible ways to improve the speed of
data analysis, to make it more convenient for users. The main idea is how to define a general
way of distributed data analysis on the Grid for all experiments in the HEP community.
Today, the Grid gives us the possibility to access resources of different sites and to use it as if
it would be one local batch farm with one single storage system. The linking of
geographically dispersed computer systems can lead to staggering gains in computing power,
speed, and productivity. The Grid can solve larger, more complex problems in a shorter time,
makes better use of modern hardware, and eases collaborations among distributed
organizations.

But so far there is no general standard defined which can help physicists to make their job
more efficient by using the Grid. Each of the LHC collaborations is forced to use its own
home-made schema or framework to put the Grid on their needs.
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One can summarize and list the following problems:

e There is no general and Grid enabled data analysis schema.

e There is no standardized and generally accepted API of the Grid; we are talking
here about a high level API, which could be generally used by an end-user to
satisfy his/her needs in parallel data processing on the Grid in the simplest possible
way.

Our task is to generalize the capabilities and to investigate the current Grid market as well as
the possibility for creating a model, based on which the HEP community could get one
generic way for an efficient and user-friendly Grid use. We would like to find the model,
which could be most easily adapted, which would be flexible, and would not require a special
knowledge from the user. Our work must define this model and also it should define criteria
of success for this model. We have to create an operational solution, which is a very important
part of the model’s implementation.

3.1 The ALICE model of distributed and parallel analysis

After a short pre-stage strategy investigation, we decided to use in the role of a starting point
for our project one existing and operational distributed analysis model, which has been
implemented by the ALICE collaboration and is so-far working only for the ALICE
experiment, because of its restrictions. But we think that this model has a lot of potential and
could be populated and spread to a wider range of experiments and Grids.

The ALICE model involves AIIROOT (the ALICE analysis and simulation framework, which
is completely based on ROOT [4]), AliEn (Grid middleware developed by the ALICE
collaboration) [5] and PROOF (The Parallel ROOT Facility) [6].

ROOT is obviously becoming one of the most popular physics analysis toolkits. It is a de
facto standard framework in the HEP community as well.
Shortly saying it provides three key points:
e the possibility to do interactive analysis work in familiar C++ style syntax;
e data visualization,
e an object-oriented 1/O system.
It is successfully used within frameworks of different experiments as an “all in one” solution.

PROOF extends a workstation based concept of ROOT to a parallel processing on a cluster
(see Figure 2), where:

e user procedures are kept identical during an analysis session,

e tasks are distributed automatically in the background.
The motto of PROOF is: “Bring the KB to the PB, not the PB to the KB!”

AliEn (ALICE production distributed Environment) as a Grid platform for distributed
production and analysis provides two key elements:
e aglobal file system -- files are indexed and tagged in a virtual file catalogue and
are globally accessible from everywhere;
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e a global queue system, and global job scheduling according to resource
requirements.

Intranet

User PROOF Master Server

uoissag Jasn 100y

PROOF Slave Servers

Figure 2: Local PROOF cluster

3.1.1 Batch Interactive Data Analysis with AliEn and ROOT

Normally in order to process an analysis using AliEn and ROOT one should use a ROOT
AliEn plug-in, which is currently provided by the standard ROOT installation package and
AliEn developers. The plug-in is an implementation of a ROOT Grid Interface. The ROOT
Grid Interface is a subset of abstract C++ classes, which are defining Grid interface operations
for ROOT users. In Figure 3 we present an UML class diagram of the ROOT Grid Interface is
shown.
The interface consists of the following classes:
e TGrid (TGrid.h(cxx)): A pure abstract base class, which defines the interface to
common GRID services.
e TGridJDL (TGridJDL.h(cxx)): A pure abstract class. It is used to generate JDL
files for job submission to the Grid.
e TGridJob (TGridJob.h(cxx)): A pure abstract class. The class defines an interface
to a GRID job.
e TGridJobStatus (TGridJobStatus.h(cxx)): A pure abstract class. The class contains
the status of a Grid job.
e TGridResult (TGridResult.h(cxx)): A pure abstract base class, which defines an
interface to a GRID result. Objects of this class are created by TGrid methods.
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e TGridCollection (TGridCollection.h): a class which manages files collections on
the Grid.

TGrid TGrid JobStatus

+ TGrid JobStatus()
+ ~ TGrid JobStatus()
+ GetStatus() : EGrid JobStatus

#fGridUrl : TString
#fGrid : TString
# fHost : TString
# fUser : TString

#fPw : TString Lt
# fOptions : TString
# fPort : Int_t
+TGnd) 1
+ ~TGrid( TGrid Job
: g::éj:gu .C:::;::;;:w 5 L |* TGrid Job(joblD : Grid JoblD_t)
: — + ~ TGrid Joh()
+ GetHost() : const char: + Get JobID( : Grid JobID_t
+ GetUser() : const char + Get JobStatus() : TGrid JobStatus*

+ GetPw() : const char*

+ GetOptions() : const char*
+ GetPort() : Int_t

+ IsConnected() : Eool_t

+ Shell()

+ Stdout() TGridResult
A + TGrdResult)

+ Command( : const char’) : TGridResult" + ~ TGridResult)

+ Query(: const char’) : TGridResult* « |+ GetFileName( : Ulnt_t) : const char®

+ LocateSites() : TGridResuit* L + GetFileNamePath( : Ulnt_t) : const char”

+ Ls( : const char®) : TGridResult*
+ Pwd( : Bool_t) : const char”
+ GetHomeDirectory() : const char”

+ GetPath( : Ulnt_t) : const char”
+ GetKey(: Ulnt_t, : const char*) : const char®
+ Setkey(: Ulnt_t, : const char®, : const char’) : Bool_t

pcdtaconsichargk{Roo + GetFilelnfoList() : TList*
+ Midir( : const char”) : Bool_t

+ Rmdir( : const char") : Bool_t
+ Register( : const char’) : Bool_t
+ Rm(: const char’) : Bool_t

+ Submit( : const char®) : TGrid Job* TGridCollection
+ Get] DLGerjeraer : TGrid DL” ) ] + TGridCollection()
+ Connect(grid : const char®, uid : const char, : : + ~ TGridCollection()

TGrid JOL

#fMap : TMap

+ TGrid JDL()

+ ~ TGrid JDL()

+ SetValue(key : const char®, value : const char®)
+ GetValue(key : const char®) : const char*

+ AddQuotes(value : const char') : TString

+ AddToSet(key : const char”, value : const char")
+ Generate() : TString

+ Clear( : const Option_t*)

+ SetExecutable(value : const char?)

+ SetArguments (value : const char®)

+ SetRequirements (value : const char®)

+ SetEMail(value : const char)

+ AddTolnputSandboxvalue : const char')

+ AddToOutputSandbox(value : const char®)

+ AddTolnputData(value : const char®)

+ AddTolnputDataCollection(value : const char®)
+ SetSplitMode(value : const char')

+ SetValidationCommand(value : const char?)

Figure 3: UML class diagram of the ROOT Grid Interface

In Figure 4 an UML class diagram of the ROOT plug-in for the AlIEn middleware is shown.
This plug-in is the first concrete implementation of a ROOT Grid interface, which is already
operational for ALEn users.
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TAlienDirectory TAlienDirectoryEntry | TAlienResult TAlien DL
- fEnenes - TList : § - fLin : TSanng § | - tFileFath : TStng + TAlienJ LD
+ TAlienChrec tory(ldn © const chas®, name - const char’) + TAlenihrecloryEntnglin : const char®, name © const char’) | |+ DumpHeslt) + = TAlienJDLO

+ = TAlienDirectaryEntry()
+ IsFalder() : Boal t
+ Browse(b : TBrowser')

+ =~ TAlienDirectary(}
+ IsFalder() : Boal t
+ Browse(b : TBrowser')

- fiGe - Gapiln*
- fPwd : TSring
- tHome : TStng
Command(command © const chas®, interactive © bool, stream : Uln_1) © TGndResult™
- Query(path : const char’, pattem : const char’, conditions : const char*, options © const char’) - TGrdResult*
- LecateSites() : TGridResult*
- OpenDataseniltin : const char’, options : const char') : TGridResult*
+ Thlienigridurl - comst char®, wid : const ehar®, passwe © const char®, oplions
+ = Thlien()
+ Shelld
+ Sadeutl)
+ Stder()
+ GetColumndstream © Ulni_t, column : Uln_t)
+ GetNColumne(stream © Lilnt_t) - Ulnt_t
+ GetStreamFieldValuedstream : Ulnt_t, column : Ulnt_t, row : Ulnt_t) : const char
+ GetSireamFieldKey(stream : Ulmt_t, column : Ulm_t, row : Ulnt_t} : const char®
+ Escapelinput : const char') : TString
+ Submitfdl - const char”) - TGnd Job™
+ GetJDLGenerator) : TGrd JOL*
+ Lsildn : const char’, options : Opticn_t*, verbose : Bool 1) : TGrdResult*
+ Pwdiverbose : Bool_t) : const char’
+ GetHomeDimectory() : const char®
+ Calildn - const cha®, verbose © Bool_t) - Bool_t
+ Mkdirlldn : const char®, options : Optien_t*, verbose : Bool 1) : Boal t
+ Rmdirfldn : const char’, options : Option_t*, verbose : Bool_1) : Bool_t
+ Registen]fn : const char', wH : const char®, size : Long_t, s : const char’, guid : const char', verbose : Bool_t) : Bool_t
+ Rmilin - const char®, option : Option_1*, verbose : Bool_t) : Bool_t

canst char}

TMap®

+ GetFileName(i : Ulnt_t} : const char®

+ GetFileNamePathii : Uint_t) : const char®

+ GetPathii : Ulm_t) : const char

+ GetKeyli - Ulnl_t, key - const char) - const char®

+ Selbeyl : Uint_t, kiy : const char®, valse © const char®) : Bool_i
+ GetFilelnfolist() : TList*
+ Primtiption : Option_t*)
+ Primiwildeard : Option_t*,

+ SeiExecuablelvalue @ const char')

+ SetArgumems(value : const char’)

+ SelRequirementsivalee © const char®)

+ SetEMailivalse © const char')

+ AddTelnputSandbox(value : const char®)

+ AddToOwputSandboxivalue : const char'y
+ AcdTeinpuDatatvalue @ const char)

+ AddTolnputDataCollec ion{value | const char®)
+ SetSplitMededvalue : const char')

+ SetValidatiocnCommandivalue : const char’)
+ SubmitTest) : Bool_t

ion : Option_t*)

TAlienMaster job
+ TAlienMaster JobGoblD - Gad JobiD_t)
+ = TAlienMaster Jobi)
+ GetJobStawsi) : TGrid JobStatus*
+ Primi : Opoion_1*)

+ Merged) : Bod_t

= + © const char®, : const char'y : Bool_t
P + Browselt : TBrowser’)
Tallen Job I
+ TAlien JebijoblD : Gnd |loblD_t) [ . Talien JohStatus
TFile + = TAllien Job{) = - fatatus : TMa_n
v GetJobStatus() - TGrid JubSt, - 1JdTag : TSwing
Fay ClearsetStatus(status | const char)
TAlicna |+ TAlien JobStatusi)
- flobs : TMap + TAlien Jch5tatusistatus : TMap")
+ TAlenMaster JobStatus{jobid - Ulnt_th + = TAlien JobStatusi)
TAlienFile + = TAlienMaster JobStatus() + GetJdiKey(key : const char') : const char'
- fSubFile : TFile* + GatStatus() : EGrid JobStatus + Getkeylkey © const char®) © const char®
- ISubFileHandle ; TFileOpenHandle” + Printl ; Option_ 1} e + GetStatus() - FGrd JobStatus
TAuthe © TStang + PercentFinished0 : Flaar_t + Print( : Option_t*)
- fLin : TString v IsFolder() © Bool_t + Print Jobdfull : Bosl_t)
- TAlienFile) + Browsae(h © THioweser’) + IsFolder) : Bool_t
+ TAlienFilefud : const char*, option : Option_t*, fiitle : const char*, compress : Im_t, parallelopen : Bool_t) + Gat Jobs() : TMap* + Bromese(h | TBioweer)
+ = TAhenFiled + GetNSub Jobs() : Im_t

+ AccessURLu © const char®, option : Option_t", Bile - comst char®, compress - nt_t)
+ Browselb : TBrowser')

+ ReadBuffenbuf : char', len : Ine_t) - Bool_t

+ WriteBuffenibuf : const char*, len - Int_t) : Bool_t

+ Seekioliset - LongBA_t, pos - FRelativeTa)

+ Close{option : Oipticn_t*}

+ Wiitelname : const char’, opt : Int_t, bufsiz : Int_th : Int._t
+ GetByresRead() - Longd_t

+ CetBytesWntten() | Longbd_t

v GetSize]) - Longsa_t

+ cdipath : const char’) : Boal 1

+ GetPathi) : const char*

+ Getlnamecyele : const char') : TObject

+ Getkile) - THle®

+ GetKeylname : const char', cycle | Short_t) : TKey*

+ Getlistd) : TList*

+ GetlistOfkeys( : Tlist*

T5tring

+ GetSubkiled) - TRile™
+ Init{create - Rool_1)
+ GetAsyncOy : TFile::EAsyncO)

+ UseCache(maxCacheSize : Int_1, pageSize : Ir_t)
+ Getknd) L) - const TUA"

TAlienCollection

- fXmiFile : TString
- TEvembist : TUist*
TEventLestiter : Tiees®
- fCurrent : TMap*
- ParseXML{)
+ TAlienCollection()
+ TAlienCollec ionflocalCallecionkide
+ = TAlienCollectiond)
+ Reset()
+ Next() : TMap*
+ GetTURLiname - comst char®) - const char®
+ Printiopt - Option_t*)
+ OpenFilelfilename : const char') : TFile*
+ GetEventListl) : TList*
JelDatasetilype | const char®, ohjname © const char®, die - const char®) - TOSe®
It{filename | const char®, publicacc Bool_t) © TGndResult™
har*) - 0t

canst char)

TSystem (O}

TAli

# [WorkingDirectury - char

+ TAlienSysteminnme : canst char®, tide : eons char®)
- TAlienSystem()

i) : Beol_t

Makellirectory{name : const char) : int
Openbirectoryiname : const char*) : void*
Freeirectony(ing : vaid*)

GelDirEntry{ding : void® ) : const cliar®

GuiDurPu () : void®

Changemrectoryipath = canst chae*) : Boal_t
WarkingDireerory() : conss char®
HaomeDirectory{usernme : const char*) @ const ehnr*
midir{name : conss char®, recursive : Beol_t) : imt
cdipath : const char®) : Boel_t

pwdl]) : const char®

Copatile(fram : const char®, to : const char*, averwrite : Bool_t) © int
Rename{from : const char®, to  const char®) § int

Lank{from : const char®, 1o : const char®) < int

Syslinkifram : const chiar®, tw : const char®) : it

Unlink{nnme : const chae*) = ine

'
+

+

+

+

+

1

1

1

'

+

+

+

+

+

+

1

‘ +, flags : Lang_1*, madrime : Lang_t*) = it
+ GetPnthinfo{parh : const char®, id : Long t¥, sre : Long4 1, flags : Lang ¥, modrime : Long 1) : int
+ GetPathinfo{path : const char®, buf : Vil
+

+

+

+

+

+

'

1

1

+

+

+

+

+

Alientilestat(fpath : const char®, buf : FileStat_ta) : int
Gett'sinfo(path : const char®, id : Long_t*, bsize : Long_t*, blocks : Long_t*, bfree : Long_t*) : int
chmodifile : const char*, mode : Ulnt_t) : int

Umask{mask : lal_t) : int

Utimnedfile : const chiar®, modine : Long_t, actime : Loag_L) ; int

Whachilsearch : const char®, file : const char®, mwde ; EAvosssMode) : char®

Gertfid{user : eonst char ) : et

GerGid(group : const chne') @ o o

GetEffectivel
Gettffectiv
GetUserinfo{uid - Int_t) : Usertiroup_t*
GetUserinfo{user : const char*) : Usertiroup_t*
Getrouplifolgi

1) : UserGroup_t*
st char®) ; UserGroup_1*

Figure 4: UML class diagram of the ROOT plug-in for the AIiIEn middleware

The analysis process, which based on the AliEn plug-in, consists of the following steps, which

could be processed in the ROOT C++ interpreter console (manual enter mode),

by a ROOT

macro or by using a C++ program with enabled ROOT support:

Query for input data in the AliEn Fi

engine;

le Catalogue;

registration of the input data in ROOT,;
creation of the corresponding JDL file;
submission of a single job request, which is spawned afterwards by the AliEn
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e status Check;
e merging of interactive result files;
e merging of batch result files.

3.1.2 Interactive Data Analysis with AliEn and PROOF

The next step is to marry PROOF, which has been basically designed for doing data analysis
on local batch farms in parallel, and AliEn.
There are several basic requirements for Interactive Data Analysis made with the help of
AliEn and PROOF:

1. The data to be analyzed have to be stored in ROOT files (TTrees or TKeys).

2. PROOF servers have to load shared libraries for user and experiment code.

3. Analysis code has to be inserted into the automatically generated selector macro

for the objects to be analyzed: obj->MakeSelector();

A schema of a PROOF based interactive analysis using AliEn Grid, is shown in Figure 5.

Site A Site B Site C

Each MODE has

PROOF Slave AND
each SITE has
RPOOF Master

Each NODE has
PROOF Slave AND
each SITE has
RPOOF Master

Each NODE has
PROOF Slave AND
each SITE has
RPOOF Master

AliEn
FC

Figure 5: AliEn and PROOF

As a short description for the picture we should mention that every site provides at least one
PROOF Master, each Worker Node of a site provides a PROOF Slave, one of the powerful
Grid’s site (probably a Tier 1 site) should provide access to the SUPER PROOF Master,
which will manage and distribute jobs to the client sites. The actual retrieving of data files,
submission of jobs, as well as security authentications are managed by the AliEn Grid and are
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used by the PROOF system and end-users. A connection to the PROOF daemons is provided
with the help of a TCPRouting Service at every site.

Users will just submit a normal job packet to AliEn; then AliEn and PROOF will do all the
necessary work of distributing the job, processing and merging the result, and retrieving it
back to the user or register it in the AliEn File Catalog by request.

Taking into account the advantages of the ALICE distributed data analysis we decided to
accept this model as a strategic one for our gap analysis and development.

3.1.3 ALICE VOBox and gL.ite

We would like to enable or let’s say spread the ALICE like analysis for a wide range of Grid
middleware, or at least to proof that it works in general and for the most popular middleware
flavors, other than AliEn.

Currently in order to process AliEn jobs and to have an interface between AliEn and the
standard Grid middleware of all 4 LHC experiments, gLite, ALICE is using the so-called
VOBoX, as it is provided by the LCG project and EGEE. For example, to process AliEn jobs
on a gLite site, administrators must install and use at least one VOBox node with a Grid to
Grid interface of the AliEn software installed on it.

Unfortunately we found that it is not so far possible to provide ALICE-like distributed
analysis as it is and without an AliEn client present or an ALICE VOBox installed. This is the
one major disadvantage, which prevents distributing the modules and to bring it to the
different experiments.

However, our task is to analyze and to implement a way, which could provide a possibility for

different physics communities and not only physicists from ALICE to use Grid middleware
for all the tasks needed.

11
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4 Gap Analysis
4.1 Model description

In order to achieve our aim we need to create and investigate a system, which allows users to
process a parallel and distributed analysis. The final system must be flexible and documented
enough to be ported to different Grid middleware flavors with minimum requirements on
human and time resources. We have to provide an operational test model which would be
based on one of the popular and the most used Grid middleware flavors as well as to provide a
precise documentation with a model description (including source code and its description)
and recommendations for further developments, like investigations for bottlenecks and their
descriptions and hints.

By achieving our goal we are going to implement and test a model, which will give a
possibility of implementing an efficient distributed parallel data analysis based on any Grid
middleware (as an exemplary case we choose the agreed standard Grid middleware of the 4
LHC experiments, gLite) and which could proof the possibility of creating a model for a
generic analysis on the Grid for the HEP community.

4.1.1 The Model’s “road map”

All of the following steps are closely described in the paragraph “85 Design concept and
development plan”. Here we will just make a short list of required steps of accomplishments
for the model.

The modeling consists of the following steps, which must be accomplished:

1. The following is, so to say, the input data for our model. A proper development
environment must be provided. This environment must include access to the
desired Grid or otherwise a local Grid test-bed must be installed. Also access to the
Grid User Interface must be provided as well as access to the Grid middleware
API. So far our model is based on the C++ language; therefore the Grid
middleware should provide a C/C++ API.

2. An interface to the existing middleware has to be developed and its use in the
experiment frameworks has to be enabled. As it has been already stated, ROOT is
a pretty much standard framework for all of the HEP experiments. To accomplish
the task, in particular, one should design and implement a ROOT plug-in of the
desired Grid middleware. By accomplishing this stage one gets access to all the
required functionality of Grid and ROOT. This is a big and an important step for
the model, since a huge part of the distributed analysis, and analysis at all, is
implemented by ROOT itself and a proper design and implementation of this plug-
in will affect the quality of the whole analysis process and its results.

A local PROOF cluster has to be installed and provided.

Possibilities for executing PROOF master and PROOF slave processes on the

gLite Grid have to be investigated.

5. A concept of using PROOF master und slave processes on the gLite Grid has to be
implemented.

6. PROOF job submission on the desired Grid middleware (gLite as a test
environment) has to be implemented.

P w
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7. The whole system has to be tested, i.e. a test analysis code on the desired Grid
middleware using the constructed model in full operational mode has to be created.

8. The system has to be deployed to test users. This also consists of a good
documentation, support of the software and an intensive dialog with users in order
to advance this product.

9. The system has to be deployed for public use. After preproduction — test
deployment, comes a time for public release. At this stage we are going to apply
our model and software to become officially accepted and included in the ROOT
framework.

10. A ROOT plug-in for several different Grids has to be implemented, to proof the
usability of the interface.

4.1.2 The Model’s criteria for success

The model can be considered as a successful one, when the following points are
accomplished:
1. At least the first 6 steps from the model’s “road map” (see 84.1.1) have been
accomplished successfully.
2. The project has a clear and detailed documentation. The documentation must be
divided in two parts, the first for end-users, and the second part for advanced users
— application developers. The source code of the project must be documented as
well.
3. One type of a TGrid like ROOT plug-in next to the AliEn implementation became
part of the standard ROOT installation.
4. On of the major criteria for success is that the concept should be used by several
different physics collaborations. Popularization and simplification of the Grid
enabled Interactive Analysis is a main goal.

4.1.3 Development Environment
4.1.3.1 Grid middleware

We decided to base our project on the gLite Grid Middleware, since it is widely used and one
of the biggest operational Grid middleware flavors today. gL.ite is a strategic Grid middleware
for HEP.

gLite (pronounced "gee-lite") is the next generation middleware for grid computing. It was
born from the collaborative efforts of more than 80 people in 12 different academic and
industrial research centers as a part of the Enabling Grids for E-sciencE project (EGEE). The
EGEE is Europe’s flagship Research Grid project and the world’s largest Grid infrastructure
of its kind. The Project gL.ite provides a bleeding-edge, best-of-breed framework for building
grid applications tapping into the power of distributed computing and storage resources across
the Internet [3].

At the time of writing, the EGEE project was involving more than 70 partners from 27
countries, arranged in twelve regional federations, and providing more than 20,000 CPUs,
almost 200 sites and 10 Petabytes of available disk storage, and access to Mass Storage
Systems at a number of sites. This infrastructure supports 7 scientific domains and more than
20 individual applications.

The architecture of gLite is shown in the Figure 6.
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Figure 6: gL.ite Service Deployment Scenario [3]

The development environment of our gap analysis is based on our experience with gLite R1.4,
R1.5 and R3.0. Those versions of the middleware were at GSI locally installed, configured
and used. We investigated carefully most of the components of the middleware and its
internal structure. This is a basic and an important analysis which should be done before
coming to the development of an application which will use the API of the middleware.
In our development we tried to use the maximum number of application programming
interfaces (API) which are currently provided by the most recent version of gLite in order to
make a comparison of the components in a spectrum of usability, documentation, efficiency
etc.
For example, a current implementation of our project is based on:

e gLite WMSUI - for job submission, status querying and output retrieving;

e LFC (Local LCG File Catalog) API — for file catalog operations;

e GFAL (Grid File Access Library) API — for file operation on the gLite Grid.

But we also used the following components of gL.ite:

e WMProxy —as an alternative for job submission -;

e FiReMan - for file catalog operations;

e gLite I/O server — for file operations on the gLite Grid.

14
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Figure 7: gL.ite Services
4.1.3.2 ROOT

The main part of our project is a ROOT plug-in for gLite. This plug-in must be designed and
developed in terms of our model.

During the development process we used several versions of ROOT ranging from v5.10.00 to
v5.12.00f.

4.1.4 Design and implementation of the ROOT plug-in for gL.ite

Since we decided to try and implement an ALICE like model we were required to design and
implement a very important part of the model, namely a ROOT plug-in for the chosen Grid
middleware.

At this stage of the project we have designed and developed a ROOT plug-in for the gL.ite
Grid middleware. This is an essential part of the model!

As a first step we have analyzed and investigated the gLite APIl. We wrote a lot of small tests
in order to get “a feeling” and to understand restrictions of the API. That was our pre-
development investigation.

Then we had to investigate the Grid Interface provided by ROOT, since our plug-in was
supposed to be an implementation of this interface (see Figure 8).
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Figure 8: ROOT Grid Interface

User

Our implementation of the plug-in consists of two parts. The first one is the design and
implementation of the so-called gLite APl Wrapper (see Figure 9). The second one is the
implementation of the plug-in itself.

4.1.4.1 gLite APl Wrapper

A gLite APl Wrapper (GAW) is a library, which wraps several gLite APl modules,
implements automation, and represents the interface for the user. Through the usage of GAW

the user gets a general interface to the gLite middleware.

Our ROOT plug-in is using the interface of GAW to access the needed functionality of the
gLite middleware (see Figure 9).
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Figure 9: gLite APl Wrapper and RGL.ite plug-in

One of the main reasons why we started to design this library is to keep the modularity of our
system. The gLite API is very complex, and one of the disadvantages of it is that it is very not
consistent and doesn’t have a common “design line”. That means gLite APl consists of
several modules (like several WMS APIs, LB API, LFC API, etc.). Interfaces of these API
modules are not standardized and have no general schema, which makes these APl modules
difficult to use. Also, the important thing is that the gLite API modules require many
secondary libraries they depend on. And when one wants to accumulate in one application the
functionality of different APl modules, a build configuration (a Makefile) becomes very
complex, and the overall structure of the application becomes very difficult to understand.
Dividing our ROOT plug-in into two general parts helps us in the development process, to
easily write tests for both parts (while we have a strong border between the ROOT part and
the gLite API part), and simplifies the deployment and support of the released software.

Thus we have implemented GAW as a library, which is released in a number of managers.
The managers work directly with the gLite APl modules and implement some API extensions
(those extensions we can call as utilities or helpers or automations). This is done in order to
extend the API functionality.
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To simplify the development and the support of the project and to follow Open Source de-
facto standard, we are using GNU auto-configuration tools for building and deploying
GAW.

We consider that project documentation is the most important part of the project, in order to
track code documentation we are using the doxygen engine [8]. Code documentation also
facilitates latter support. The project documentation is kept and maintained in a central GSI
WiKi, where the GSI GridTeam, and particularly the D-Grid project have a site [9].

The source code, tests, configurations, and some of the documents are tracked with the help of
the Central GSI Sub Version System (SVN), where the GridTeam has several repositories.

Most of the GAW managers are Singletons, the implementations of which are releasing
Singleton Design patterns and are done in C++ language.

We chose this schema to keep tracking of the objects and their status, and to avoid memory
and code pollution. A Singleton’s intent is to ensure that a class only has one instance, and it
provides a global point of accessing it.

At the time of writing of this report the GAW library was consisting of the following:
e GAW Core Manager,

GAW Job Manager,

GAW Catalog Manager,

GAW Persistence Manager,

GAW Configuration Manager,

GAW Log Engine.
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4.1.4.1.1 GAW Core Manager

The Core Manager is an interface of the GAW library. This manager is responsible for
configuration, the proper initialization of sub-managers (like Job manager, Catalog manager,
etc.), and also partially responsible for a persistence of all “top-level” managers of the library.
Normally The Core Manager is the first which should be initialized by the end-user.

4.1.4.1.2 GAW Job Manager

Using this manager a user is able to process job operations on the gLite Grid such as job
submission, query of job status, and output retrieval.
The manager also keeps track of all processed jobs. All jobs have got at least two types of
IDs, one is a gLite JoblD, which comes from the EU DataGrid Project and is of string type,
and the other is a numeric Job ID — job index, which is done for compatibility reason, see
84.2.1.2.
The Job Manager supports a job persistence mechanism. That means that after the user
processed several jobs and wants to close the GAW session, the GAW Job Manager will store
all required information about the current status in order to be able to restore the session next
time. This feature can be switched on or off by the user with the help of the GAW
configuration.
Currently the Job Manager is implemented as a Singleton object and it uses only the gL.ite
WMSUI API. In the future we want to make this manager a bit more complex; we want it to
support several different gLite APl modules for a job submission. Namely, we want to
implement not only WMSUI API job submission, but also WMProxy API [10], which is more
modern and has many advantages in comparison with WMSUI. The implementation which
uses WMProxy API is in our development plan for the next stage of the project. We found
that the functionality of WMSUI API is enough to prepare and test a prototype of our model.
And taking into account that WMSUI API is so far the most used way of doing job operations
in gLite, we started our Job Manager from this APl module. But for more serious work we
would require functions which are available in WMProxy API, only..
The WMProxy client API supplies the client applications with a set of interfaces concerning
the job submission, and control services made available by the gLite WMS through a web
service based interface. The API provides the corresponding method for each operation
published in the WSDL description of the WMProxy service. The request types, supported by
the WMProxy service, are:

e Job: a simple application;

e DAG: adirect acyclic graph of dependent jobs;

e Collection: a set of independent jobs;

Jobs in turn can be batch, interactive, MPI-based, checkpointable, partitionable and
parametric.

By our development plan the Job Manager may be a bit redesigned in order to support modern
C++ technique, for instance template type traits. So it could be instantiated by different types,
which will wrap different gLite Job controlling APIs, so the user gets a possibility to simply
use both WMSUI and WMProxy APIs. Probably most of the GAW managers will be adapted
for this mechanism in order to extend the functionality of the objects and to support and get
the possibility to analyze and test bigger ranges of gLite APl modules.

But this way is still under development and must be carefully investigated. We should
compare the advantages and disadvantages based on user and project result requirements. It is
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not so far obvious that we need for our model to support all of the possible gLite API
modules.

4.1.4.1.3 GAW Catalog Manager

The development of the Catalog Manager appeared to be more complicated and time
consuming than it was expected to be. The story was the following:
we used the “JRA1: Data Management Documentation page” [11] and “JRAL: Data
Management site” — the official gLite Data Management contact, to design and to develop our
Data Management Components. Therefore the development was based on two major
components of the gLite I/O system, namely the gLite I/O Server and the gLite FiReMan File
Catalog. They have been stated as the main gLite Data Management modules by JRAL. But
unfortunately during our close work with the gLite 1/0O Server and the FiReMan Catalog it
was discovered that those components are going to be excluded from future releases of gL.ite.
That was definitely the fault of obsolete WEB information on the official gLite Web Site. If
we would not have discovered several bugs in the Data Management modules and would not
have posted them, we wouldn’t have started the discussion with the gLite Deployment
management which revealed that the official Web pages were not properly updated (see
84.2.2.1.6).
Now our Catalog Manager uses LFC. LFC is an official gLite File Catalog.
The GAW Catalog Manager implements the following operations:

e to set and query the current working catalog directory:

e to list the content of the selected catalog directory (list files, directories and their
status);
to create a file in a Catalog namespace;
to add replica(s) to a given file in the Catalog namespace;
to remove replica(s) from a given file in the Catalog namespace;
to remove a file or directory from a given file in the Catalog namespace.

Combined with standard File Catalog interface functions the GAW Catalog manager
implements a number of extensions (automation) to the normal catalog operations offered for
a user, which are not present in the original LFC API:

e if a user requests to remove a directory and its content, the GAW Catalog Manager
will remove all files of the directory and corresponding replicas,

e if a user requests to force removing a file, GAW will remove all its replicas
automatically,

e we found the necessity to set LFC Host manually for the LFC API functions
inconvenient (see §4.2.2.2.5). GAW tries a bit to simplify this by defining the key
in its configuration file,

e most of the LFC API functions have a very short connection time out. The GAW
manager implements a workaround (invisible for a user), in order to keep the
connection during long user sessions.

4.1.4.1.4 GAW Persistence Manager

One of the Core GAW engines is the Persistence Manager.
Its main responsibility is to be a provider of persistence for the GAW managers. The GAW
Persistence Manager uses an XML based file for storage. Some of the GAW managers use the
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provider to store and restore the required information in order to be able to save and recover a
user session’s stat.

For example, the GAW Job Manager with the help of the Persistence Manager keeps track of
a user’s jobs.

4.1.4.1.5 GAW Configuration Manager

Another Core GAW engine is the Configuration Manager. It is not really a manager because
its functionality is distributed between other GAW Managers. The Configuration Manager is
only providing the interface and all of the GAW components which we want to have
configured must implement this manager. The coordination of the configuration of GAW
components is implemented in the GAW Core Manager.

The configuration is tracked in an XML formatted file. The currently supported XML schema
of the configuration file is shown in Table 1. This is a preliminary version of the configuration
file. We are going to extend it and to provide maximum configuration flexibility for the users
with adequate default values in order to let the users configure the software as precisely as
needed. Also we are going to provide a tool, which will automatically scan a gLite User
Interface configuration and prepare a default GAW configuration file. The development of the
tool is scheduled to the next stage of the project (see 85).

Table 1: XML Schema of the GAW configuration file

<?xml version="1.0" encoding="utf-8"?>
<xs:schema attributeFormDefault="unqualified" elementFormDefault="qualified"
xmlns:xs="http://www.w3.0rg/2001/XMLSchema">
<xs:element name="gaw_config">
<xs:complexType>
<xs:sequence>
<xs:element name="gaw_mng">
<xs:complexType>
<xs:sequence>
<xs:element name="config">
<xs:complexType>
<xs:simpleContent>
<xs:extension base="xs:string">
<xs:attribute name="logfile" type="xs:string" use="required" />
<xs:attribute name="logfile_overwrite" type="xs:unsignedByte" use="required" />
</xs:extension>
</xs:simpleContent>
</xs:complexType>
</xs:element>
</xs:sequence=>
</xs:complexType>
</xs:element>
<xs:element name="job_mng">
<xs:complexType>
<xs:sequence>
<xs:element name="config">
<xs:complexType>
<xs:simpleContent>
<xs:extension base="xs:string">
<xs:attribute name="ns_host" type="xs:string" use="required" />
<xs:attribute name="ns_port" type="xs:unsignedShort" use="required" />
<xs:attribute name="lb_host" type="xs:string" use="required" />
<xs:attribute name="lb_port" type="xs:unsignedShort" use="required" />
<xs:attribute name="ce_id" type="xs:string" use="required" />
</xs:extension>
</xs:simpleContent>
</xs:complexType>
</xs:element>
<xs:element name="jobs">
<xs:complexType=>
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<xs:sequence>
<xs:element name="job">
<xs:complexType>
<xs:simpleContent>
<xs:extension base="xs:string">
<xs:attribute name="glite_jobid" type="xs:string" use="required" />
<xs:attribute name="numeric_jobid" type="xs:unsignedByte" use="required" />
</xs:extension>
</xs:simpleContent>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
<xs:element name="catalog_mng">
<xs:complexType>
<xs:seguence>
<xs:element name="config">
<xs:complexType>
<xs:simpleContent>
<xs:extension base="xs:string">
<xs:attribute name="Ifc_host" type="xs:string" use="required" />
<xs:attribute name="Ifc_session_comment" type="xs:string" use="required" />
<xs:attribute name="Ifc_wrkdir" type="xs:string" use="required" />
</xs:extension>
</xs:simpleContent>
</xs:complexType>
</xs:element>
</xs:sequence>
</xs:complexType>
</xs:element>
</xs:sequence>
<xs:attribute name="last_update" type="xs:string" use="required" />
<xs:attribute name="version" type="xs:string" use="required" />
</xs:complexType>
</xs:element>
</xs:schema>

4.1.4.1.6 GAW Log Engine

Several years of experience in Grid middleware deployment (installation and configuration)
and the fact, that it is very complicated to trace an error in distrusted applications, make us to
be concerned on the message, that the logging is a very important part of Grid middleware
admin- and user-interface.

Our application provides the Log Engine, which is used by the all of the components of
GAW.

The application provides the following types of log messages:

e LOG_SEVERITY_INFO, Which indicates a normal information message;

e LOG_SEVERITY_WARNING, which indicates a warning information message,
probably an erroneous situation but a recoverable and not dangerous one;

e LOG_SEVERITY_FAULT, which shows that GAW detected an error which is
recoverable but could be dangerous, and it is better to fix it before processing
further;

e LOG_SEVERITY_CRITICAL_ERROR, this type of message shows that GAW faced
an unrecoverable stat for the current procedure. Before going further the user may
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want to fix the situation and the GAW log messages can help him to accomplish

that;

e LOG_SEVERITY_DEBUG, this is only debug information of GAW functions, useful

for the developers and for advanced users.

Currently GAW writes the log to a plain formatted-text file. But an internal architecture of the
log engine allows extending it to other sources, like relational data bases, console or some
other clients of log messages.

4.1.4.2 RGLite plug-in

RGLite — is a ROOT plug-in for gLite Grid middleware.
In the same way as it is done in the AliEn middleware plug-in we have to realize the ROOT
Grid Interface (see Figure 3) but for the gLite middleware. The current implementation of the
ROOT plug-in for gLite is presented in Figure 11, it is an UML class diagram of the plug-in.

TGLite JobStatus

TGLite Job

TGLiteResult

- m_sNative JoblD : std::string

+ TGLite JobStatus()

+ ~ TGLite JobStatus()

+ TGLite JobStatus(joblD : Grid JoblD_t)

+ TGLite Job(joblD : Grid JoblD_t)

+ ~ TGLite_ Job()

+ GetJobStatus() : TGrid JobStatus®

+ GetJobOutput(path : const char®) : Bool_t

+ GetStatus() : EGrid JobStatus
v
TGrid Job
1.*
v !
1.* 1 1
TGrid JobStatus TGrid

+ DumpResult()

+ GetFileName(i : Ulnt_t) : const char®

+ GetFileNamePathii : Ulnt_t) : const char”

+ GetPath(i : Ulnt_t) : const char®

+ GetKey(i : Ulnt_t, key : const char*) : const char”

+ SetKey(i : Ulnt_t, key : const char”, value : const char®) : Bool_t

+ GetFilelnfolist{) : TList"
+ Print{option : Option_t*)
+ Print{wildcard : Option_t*, option : Option_t")

TGridR

TGLite

- fRileCatalog_WrkDir : std::string

+ TGLite(gridurl : const char®, uid : const char®, passwd : const char, options : const char)

+ ~ TGLite()

+ IsConnected() : Bool_t

+ Shell()

+ Stdout()

+ Stderr()

+ Command( : const char’) : TGridResult*
+ Query( : const char®) : TGridResult"
+ LocateSites() : TGridResult”

+ Ls( : const char®) : TGridResult™

+ Pwd( : Bool_t) : const char”

+ Cd( : const char®) : Bool_t

+ Mkdir( : const char®) : Bool_t

+ Rmdir( : const char”) : Bool_t

+ Register( : const char®) : Bool_t

+ Rm( : const char®) : Bool_t

+ Submit(jdl : const char®) : TGrid Job™
+ Get |DLGenerator() : TGnd JDL*

Figure 11: UML class diagram of the ROOT plug-in for the gLite middleware

The current status of the plug-in is: the development stage is completely finished; this
includes readiness for the alpha release ROOT plug-in for gLite, ROOT style plug-in

24



@ %‘:”&Tﬂ;hte'i“m Distributed Data Analysis under usage
und Farschung of Grid Resources — Gap Analysis

Version: 1.33
Date: 02 January 2007

documentation and a patch for recent versions of ROOT. The patch makes an installation
process of the plug-in easier for an user. Later we expect our plug-in to be included to the
standard ROOT installation, but so far the patch will help the users.

The following functionality is implemented and available for the end-user by the current
prototype version of the gL.ite plug-in:

Workload Management System (WMS) operations:

0]
0
0]

Job Submission, (to submit a job)
Job Status Querying, (to query the status of a job)
Job Output Retrieving. (the retrieve the output of a job)

File Catalogue operations:

0
0]

O 00O

to set and query the current working catalog directory,

to list the content of the selected catalog directory (list files, directories and
their stats),

to create a file in a Catalog namespace,

to add replica(s) to a given file in the Catalog namespace,

to remove replica(s) from a given file in the Catalog namespace,

to remove a file or directory from a given file in the Catalog namespace.

An Executive Logging.

Support of an external configuration.

File 1/0 operation could be performed with the help of TGFALFile, a ROOT
class-wrapper of GFAL.

Since the standard file operation mechanism in gLite is GFAL -- and the GFAL class-
wrapper is a part of the standard ROOT installation, we don’t need to implement this in our
plug-in. Users can use the standard ROOT implementation of TGFALFile (see the UML class
diagram in Figure 12).
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TFile

|

TGFALFile

- fStatCached : Bool_t

- fStatBuffer : struct statbd

- TGFALFile(

- SysOpen(pathname : const char®, flags : Int_t, mode : Ulnt_t) : Int_t

- SysClose(fd : Int_f) : Int_t

- SysRead(fd : Int_t, buf : void®, len : Int_t) : Int_t

- SysWrite(fd : Int_t, buf : const void”, len : Int_t) : Int_t

- SysSeek(fd : Int_t, offset : Longb4_t, whence : Int_t) : Longbd_t

- SysStat(fd : Int_t, id : Long_t", size : Longb4_t", flags : Long_t", modtime : Long_t") : Int_t
- SysSync( : Int_t) : Int_t

+ TGFALFile{ud : const char®, option : Option_t*, ftitle : const char®, compress : Int_t)
+ ~ TGFALFile()

+ ReadBuffer(buf : char®, len : Int_t) : Bool_t

+ WriteBuffer(buf : const char®, len : Int_t) : Bool_t

T5ystem
TGFALSystem
- fDirp : void®
- GetDirPtr() : void*
+ TGFALSystem()

+ ~ TGFALSystem()

+ MakeDirectory(name : const char®) : Int_t

+ OpenDirectory(name : const char) : void”

+ FreeDirectory(dirp : void")

+ GetDirEntry(dirp : void®) : const char®

+ GetPathlnfolpath ; const char®, buf ; FileStat_t&) : Int_t

+ AccessPathMame(path : const char®, mode : EAccessMode) : Bool_t

Figure 12: UML class diagram of the ROOT implementation of GFAL

4.1.4.2.1 RGLite Tests & Samples

In this paragraph we would like to present several “real-life” examples — test cases, which
will show basic usage and abilities of the RGL.ite plug-in in very simple manner.
The first example (see Table 2) shows us some of the basic operations provided by the ROOT
Grid Interface and the RGLite plug-in for the gLite middleware. The first example consists of
the following steps:
1. Connection to the Grid MW. In this step the user needs to initialize the Grid plug-
in; one can make so by calling the method “Connect” of the TGrid class with
according parameters. In our case we call connect with the string “glite” as a Grid
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URL string, which means that we want to access the gLite Grid. According to the

given parameters ROOT will initialize the proper plug-in if available.

Submitting a job using the abstract Interface TGridJob and the method Submit.

3. The user can check the status of the jobs by using the abstract Interface class
TGridJobStatus and its method GetStatus.

4. Finally, when the job is finished and has the status “kDONE?”, the user can retrieve
the job output back to the User Interface. In order to do so the user should use our
extension to the abstract ROOT Grid Interface, namely, the user should use
TGLiteJob class, which is an implementation of TGridJob with some useful
extensions (it is registered as a low level gap in the ROOT Grid Interface, see
84.2.1.3).

no

In Figure 13 you can find the screen shot of a live ROOT session with processed code of the
example from Table 2.

Table 2: RGLite Usage Code example — job submission, status querying, output retrieving

// Initializing RGLite plug-in

TGrid: :Connect("'glite™);

// Submitting a Job to gLite Grid

TGridJob *job = gGrid->Submit(*'JDLs/proofd. jdi™);
// querying a Status of the Job

TGridJobStatus *status = job->GetJobStatus();
status->GetStatus();

// Getting a Job"s output back to the user
TGLiteJob* job glite(job);
job_glite->GetJobOutput(*'/home/anar/™);

It needs to be mentioned that from the end-user’s point of view a usage of RGLite and the
AlEn plug-ins is mostly the same, since most of the time the user will talk in “the language”
of the ROOT Grid Interface classes and in some rare case will use the specific extension of
the plug-ins.
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Lanar®@depc218 1% root -b

ERHRXAREARREAR KA RRAEAR LA AR IARRRARRRAR KRR
#®

HWELCOME to ROOT
VYersion  5.11/06 1 June 2006

You are welcome to visit our Meb site

*
®
X
*
®
*
http://root.cern.ch #®
*
*

*
*
#®
*
#®
#®
*
#

HHEE AR A AR AR A AR AR AR AR AR
Compiled on 30 July 2006 for linux with thread support.

CINT/ROOT C/C++ Interpreter version 5.16.12, May 16. 2008
Type ? for help. Commands must be C++ statements.
Enclose multiple statements between { I.
root [0] TGrid::Connect("glite"):
in <TGL :TGLite>: glite API Mrapper engine has been successfully initialized.

[11 TGr b #job = gbrid->Submit("” jd1/test. jd1"):

in <TGLite::Submit>: Job successfully submitted

in <TGLite::Submit>: MNativeJobID https://grid25.gsi.de:9000/0uz0A0Ns jR7LYFPoeXqoJw: ROOT JobID 1:

[2]1 TGridJobStatus #status = job—>GetJobStatus():

[3] status—>GetStatus(Q)

in <TGLiteJobStatus::GetStatus>: Native JobID = https://grid25.gsi.de:9000/0uz0N0Hs jR7LYFPoeXqodu

in <TGLiteJobStatus::GetStatus>: Job status is [3]: glite status code is "Ready”: glite status string is "matching resources fof

in <TGLiteJobStatus::GetStatus>: Job status is kHAITING

(const enum TGridJobStatus::EGridJobStatus)l
[4] status—>GetStatus()
in <TGLiteJobStatus::GetStatus>: Native JobID = https://grid25.gsi.de:9000/0uz0A0Ms jR7LYFPoeXqodu
in <TGLiteJobStatus::GetStatus>: Job status is [6]: glite status code is "Done”: glite status string is “execution finished. ouf
is available”
in <TGLiteJobStatus::GetStatus>: Job status is kDONE

(const enum TGridJobStatus::EGridJobStatus)h

root [51 TGLiteJob#* job_glite(job):

root [6]1 job_glite—>GetJobOutput("/home/anar/"):

root [71 [}

Figure 13: Live example of using RGLite (executing the code from Table 2)

The examples in Table 3, Table 4, Table 5, and Table 6 show how an end-user can handle File
Catalog operations using the TGrid interface and the RGLite plug-in, such as querying and
changing current catalog directory entries, listing files and their full or partial information,
creating new catalog directories, etc. The examples below are designed for the ROOT C++
interpreter but can be also used in normal C++ applications with enabled ROOT support.

Table 3: RGLite Usage Code example — Changing File Catalog directory, querying lists of files

// Initializing RGLite plug-in

TGrid: :Connect('glite™);

// Changing current File Catalog directory to "dteam™
gGrid->Cd("'dteam™);

// Querying a list of files of the current FC directory
TGridResult* result = gGrid->Ls();

// Printing the list out

Int_t i=0;

while (result->GetFileName(i))\

> printf("'File %s\n",result->GetFileName(i++));

Table 4: RGLite Usage Code example — Listing full file information of a File Catalog folder

// Initializing RGLite plug-in

TGrid: :Connect(*'glite™);

// Changing current File Catalog directory to "dteam"
gGrid->Cd("'dteam™);

// Querying a list of files of the current FC directory
TGridResult* result = gGrid->Ls();

// Printing the list out, including full file information
result->Print(all™);
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Table 5: RGLite Usage Code example — retrieving the name of a current File Catalog folder

// Initializing RGLite plug-in

TGrid: :Connect('glite™);

// Changing current File Catalog directory to "dteam™
gGrid->Cd(*'dteam™);

// Printing a current working directory

std::cout << "Working Directory is" << gGrid->Pwd() << std::endl;

Table 6: RGLite Usage Code example — creating a new File Catalog Folder

// Initializing RGLite plug-in
TGrid: :Connect(*'glite™);
// Changing current File Catalog directory to "/grid/dech"
gGrid->Cd(*""/grid/dech™);
// Creating a new File Catalog Folder
Bool_t b = gGrid->Mkdir(*'root_test2');
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4.2 Low-level Gaps

We have investigated gaps in all components; those were used in the design of the Model. The
gaps which are listed below are low-level gaps and divided on several parts.

4.2.1 ROOT Framework
4.2.1.1 Grid Interface

ROOT provides an Interface for the Grid. This is a kind of a gap due to the fact that the design
of the interface is mainly based on knowledge of the AliEn Grid middleware. One of our
goals is to improve this interface, thus to make it suitable for a wider range of Grid
middlewares.

All the following gaps are going to be discussed with the ROOT and AliEn developers.

4.2.1.2 TGridJob::JoblID

The Class member TGridJob::JoblID, which has a numeric data type, needs to be revised.
This class was designed based on the AlIEn example, where JobID is numeric. But while
developing the gLite plug-in for ROOT we found, that this is very inconvenient having JobID
predefined in the parent class and as numeric. For example the gLite middleware uses the
DataGrid Job ID, which is a unique string ID. So, either TGridJob should be a template class
interface, which leads to a slight redesign of the whole TGridXXXX interface or the type of
TGridJob::JobID should be changed.

4.2.1.3 GetJobOutput is missing

There is a missing functionality in the TGridXXXX interface.

We didn't find a way (method) via which the job output could be retrieved directly to the Ul
(or the machine, where the ROOT instance is running, a local folder, for instance). There are
only possibilities to register the job output in a File Catalog and get it there (AliEn way).

4.2.2 Third-party Gaps

As third-party gaps we would like to call the ones that were discovered and analyzed during
our effort, but unfortunately can’t be fixed or redesigned by ourselves. Mostly it is a problem,
a bug, or a possible improvement which we traced and discovered and which is related to the
gLite middleware itself or to one of its components. We always tried to be in contact with the
gLite development and deployment team since we chose this middleware for our project.

In this terms “contact”, means, that as soon as we discovered, traced a bug, we posted it in
issues tracker or requested an improvement of a component of the middleware etc. We were
very intensively working with the middleware.

For the period of the first stage of the project we have found and reported to the CERN
Savannah issue tracker [7] more than 15 confirmed bugs in the released (production)
software, and some of the bugs were blockers in general or specific cases. We did not only
post the bugs, but also for all of the bug tickets we tried to provide sufficient information,
based on our investigation, including workarounds and possible fixes.
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Our site is actively participating in testing of the middleware. We also helped several different
sites to install and use middleware and helped to resolve some issues, since, for example, GSI
was one of the first sites which installed the R1.5 release, which was having several bugs
(blockers).

We are part of the Grid community, and it is our role to help to populate the Grid technology
and make it user-friendly, and open it for an end-user.

In spite of the fact that the following gaps can’t be really fixed by us and only can be reported
to the gLite development and deployment teams, we would like to list them here in this paper,
because a huge amount of work has been done on middleware and on API investigations and
analysis.

4.2.2.1 gLite middleware in general

4.2.2.1.1 gLite test-bed installation and configuration

In order to prepare an environment for our project gLite R1.4 (preproduction release), glL.ite
R1.5, and then gLite R3.0 were installed and configured, what gave us a test and development
environment. Unfortunately it must be mentioned that approximately 60% of our project time
were spent on the middleware. For the first releases R1.4 and R1.5 we had almost no support,
because most of the power of the gLite deployment and development team has been spend on
future integration releases (LCG MW + gLite = gLite R3.0). The other thing is that the
middleware was containing bugs, which were blockers and until we resolved those bugs and
found workarounds or fixes we couldn’t continue our project. There was and still is a lack of
low-level architecture documentation of middleware. There is some lack of documentation
which describes extended installation and configuration of the middleware — a different way
than the default one. Plus some more problems described below.

It is also worth once more to mention that GSI was one of the few sites (and the first site in
the EGEE DECH Region), which managed to install R1.5, while providing fixes for the bugs
and helped other sites, and GSlI's gLite R1.5 test-bed was the first D-Grid development
environment. The R1.5 release had several problems which were revealing themselves in
some cases during configuration and operation procedures.

Probably we can conclude that installation and configuration of the middleware is not so far
as easy as one would expect it to be. Grid is a very new technology and a role of everyone in
this business is to develop it further and bring it to standardization.

While installing and configuring the middleware we accumulated valuable experience about
the internal architecture of the gLite middleware, which is very helpful in our development
and analysis of the API, while there is still a lack of low-level architecture documentation.

4.2.2.1.2 gLite and Operating Systems

Currently it is very difficult and officially unsupported to use gLite under different operating
systems, but SLC3. Taking into account that gLite is a build of components, which are
portable, like CONDOR and GLOBUS, one can conclude that gLite must not be strictly
dependent on SLC3 (SLC3 was the only supported platform at the time of writing of this
paper). One should consider this is a priority issue, in order to populate Grid.

As far as we’re concerned, the gLite community is working on middleware porting issues...
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For example, GSI actively participates in porting gLite to other Linux flavors, e.g. we have
ported the Ul (User Interface) and the WN (Worker Node) software to Debian (“Woody” and
“Sarge”), Fedora Core 5, and the SE (Storage Element) has been ported to MacOS X 10.

4.2.2.1.3 gLite internal modules and components

There is an obvious lack of documentation on the internal gLite architecture. We consider that
it is very important to know for developers or administrator the internal architecture, the
components on which gLite is based (like Condor, Globus, VOMS, etc.) and how they depend
on each other. Without this knowledge it became a difficult task to trace possible or real
problems on the site or develop software for this specific Grid.

4.2.2.1.4 gLite Logs

It is very important to have general information, which describes log books of gLite
components. This must be documented which is an extension of information for "gLite
internal modules and components”. Currently there are only some of gLite components' log
books, which are documented.

Missing information about location and processes of logging and of defining log levels must
be considered as an important issue!

4.2.2.1.5 gLite Ul

The gLite deployment team should consider providing a relocatable middleware Ul
distributive on primary bases. Currently it seems to be that the gLite Ul relocatable tar-ball is
supported on the lowest priority. But it is very important to give users possibilities to install a
Grid Ul to any machine or OS, and make this process as easy as it could be possible with
minimum configuration efforts required from the user. This relocatable tar-ball distribution
must be an up-to-date middleware package as all other important Grid packages.

Simply to say the user must be able to have a one click Ul installation on his laptop which
runs under Operating system XYZ and gets access to the desired Grid.

4.2.2.1.6 gLite Documentations and WEB sites

In such a world-wide distributed project as any Grid project, it is primary to have the WEB
site interfaces of the project updated on regular bases.

There was a very unfortunate incident, which affected our project. At the time when we
started to develop 1/0 mechanisms of our GAW library and the RGLite plug-in we used the
“JRAL: Data Management Documentation page” [11] and the “JRAL: Data Management site”
official gLite Data Management contact, to design and develop on Data Management
Components. There was time and man power spent on test, design and development of the 1/0
part of GAW as well as on installation and configuration of the gLite 1/0 server and FiReMan
file catalog and the configuration against our dCache based storage. There were also several
bugs discovered while working on this issue. Fortunately our tickets, which we opened to
founded bugs, initiated a discussion with the gLite developers, and which had revealed the
fact that in the future releases of gLite the components gLite 1/O server and FiReMan file
catalog assigned as deprecated and will be soon removed from the standard middleware
installation and support. This “small” inconsistency of the real fact listed on the official WEB
site or documentation could have lead to an expensive problem or mess and disorganization.
The conclusion would be the following:
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The information WEB sites and documentation in such a distributed project must regularly be
updated, at least when major release of software comes!

4.2.2.2 gLite API

4.2.2.2.1 API Installation

It will be better if the instillation of the gLite APl became easier, or let us say more
convenient as it is now.
For example one wants to install the WMProxy C++ API or any other APl module. We are
concerned, that the package should provide its dependencies list which isn’t unfortunately
always the case for gLite APl modules, and the installation should be a one step installation,
like for instance just executing of "apt-get install WMProxy_cpp_api" and that's all. All the
rest should be done automatically. Again, the API module is better to be concentrated in one
package which makes the API installation packages a set of independent modules and with
clearly defined external dependencies lists.
As an example, we would like to give a list of what generally a user should do in order to get
WMS Ul API installed on his machine, now:

e One must be "root"!

e One needs to install more than 15 different gLite APl packages!

e One needs to install external dependency packages by oneself.

This looks like a bit too much for just to be able to develop software for the Grid.

Why not just providing only one package or at least 2: “XXXX_api_ XXXX_FULL” and
“XXXX _api XXXX_Compact” or something like that, instead of putting a user in such a
complicated situation, we are talking only about native gLite APl modules here.

To compile just a simple job submission, one wouldn’t need the entire APl with all its
modules, though, so one could use a “compact” package. On the other hand if one wants to
develop an application using the gLite APl one could have it completely installed.

If it is not possible, for some reason, to distribute the API modules this way, then an
installation helper (script or application) should be taking this job. Accessibility and usability
of an API of the Grid is one the way to popularize Grid and make it used by people.

4.2.2.2.2 Library dependencies

We found that API inter-library dependencies are not documented. This documentation will
be very helpful for one who wants to use the API and link against it. Even so, some of the API
libraries are built with unresolved symbols inside, which is not always a good idea, for
example in case of a C/C++ API, which makes them rather difficult to be resolved without a
clear documentation, which is currently missing.

We also found that dependencies of the gLite API on third-party libraries or modules are
badly documented.

Besides taking into account the complex installation of the APl modules (see §4.2.2.2.1) it
became difficult to resolve all dependences, sometimes.

4.2.2.2.3 APl modules dependencies

There is no clear explanation (documentation) on the APl module dependencies. For instance,
it is not clear which library (module) must be added to the project, if one wants to use the
WMSUI API functionality or R-GMA API. There are some examples, which can be found on
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the Web, but they are not up-to date all the time and in addition they are distributed instead of
being accumulated on one site (like gLite home or something equivalent on the gLite
Developer Network) at least as links.

4.2.2.2.4 LCG API modules vs. gLite APl modules

The gLite middleware consists of both types of APl modules; some comes from LCG (LHC
Computing Grid) and some from gLite. Here we wont go too into much details, like saying
that the former DataGrid project or AliEn had given some significant amount of modules or
code to gLite, but rather we will just point on general and obvious differences between the
LCG API modules and the gL.ite ones.

So, in the current gLite middleware both types (LCG & gL.ite) co-exist, some time ago they
were merged.

For example, WMProxy API is a gLite APl module which provides an interface to the job
operations (this module was developed by the gLite EGEE project), but the LFC API is a
gLite API, which provides an interface to the File Catalog operations and which was inherited
by gLite from LCG.

While working with both types of APl modules, it was noticed that there are a lot of
differences.

Most of the gLite APl modules normally are documented including doxygen style code
documentation and have tests (small programs which could be used to test the API) located in
the gLite CVS repository and which could be freely accessible by users. The documentation
and code have coding and documenting style and standards, as developed by the EGEE
project. It definitely gives an impression of industrial software development.

On the other hand some of the LCG API modules, like LFC APl and GFAL, are not so good
documented and it is pretty hard to find required information, sometimes information are so
few, that it takes a lot of time to put the APl module on the needs — to use it. There is an
obvious lack of examples and tests for LCG API modules. As an example we can give the
LFC API or the GFAL API modules — two modules of high importance which belong to the
LCG part. From the headers and some source code which we fortunately found, it looks like
they have been “partially” inherited from the CERN CASTOR project, but lack of own
documentation and tests (or examples) and description of specific aspects of usage doesn’t
give room for making them popular.

It must be clearly stated, that APl modules are going to be used by not only internal
developers, but rather by end-users and/or by Grid application developers. The key points
here are good documentation and availability of the source code or at least availability of
examples.

Since most of the gLite API modules are new ones, we can see the good attitude here. But
still, old inherited API modules must be brought into a proper shape and documentation for a
new one needs to be updated on regular bases.

4.2.2.2.5 LFC API, LFC server host name

Different functions of the LFC API which are requiring an LFC Host, take the LFC Host
name in two major ways: some functions take the LFC Host name as a parameter to them, and
some functions require that an environment variable “LFC_HOST” should be defined. For
example, to create an LFC session one should call “Ifc_startsess” function, which is defined
in the “Ifc_api.h” as follows:"int Ifc_startsess (char *server, char *comment);”, where Name
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Server (LFC server name) should be given as the first parameter and in the same time some
functions like “struct Ifc_filereplica *Ifc_listreplica (const char *path, const char *guid, int
flags, Ifc_list *listp)” require the server name as an environment variable.

It is not proper to have it in that way, especially if users are forced to define any environment
variable.

We would like to propose to allow the developer to define the Name Server host name as a
parameter to the all function, which require a server name.
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5 Design concept and development plan

In this paragraph we would like to shortly summarize what was done during the first stage of
the project and mainly describe the design concept of the model, which is the result of the gap
analysis and our research, and will be fulfilled in the next stage of the project. In the following
we describe the model of a possible general Grid enabled distributed parallel data analysis for

the HEP community.

PROOF M +S [)

Site A

Each NODE has
PROOF Slave AND
each SITE has
RPOOF Master

Each NODE has
PROOF Slave AND
each SITE has
RPOOF Master

W1

SUPER PROOF MASTER

I
8

User

Figure 14: gLite and PROOF

ROQT Grid Interface

Each NODE has
PROOF Slave AND
each SITE has
RPOOF Master

A high level picture of the design concept of a gLite based Grid enabled distributed parallel

data analysis is shown in Figure 14. The schema consists of the following parts:

e The gLite Grid Middleware — as a Grid provider, including gLite compatible 1/0
services (dCache, LFC, DPM, etc.). Short status: This task is done and the testbed
is available. Our team is constantly working on this issue. We always have several
gLite clusters: at least one for preproduction tests and one for production. We also
keep contacting our colleagues in the German/Swiss federation in order to
exchange our experience and reuse clusters. We constantly keep an eye on the
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current development and releases of gLite, since it could affect the plan of our
development.

¢ Enabling PROOF in gL.ite environment.

0 PROOEF services. Each worker node of each site should run a PROOF slave
and there should be at least one PROOF master for the site. Short status: This
is done only partially and most of the work is going to be finished in the next
stage of the project.

0 There should be a SUPER PROOF MASTER running somewhere. Short
status: This is not done. The work is scheduled to the next stage of the project.

¢ ROOT Grid Interface with available gL.ite plug-in — this is an essential component of

the system, which enables the user to access a desired Grid directly from within
ROOQOT. Short Status: The task is done. In the next stage of the project this
component is going to get some improvements and ““beautifications™, for example,
in order to support several Job Manager types and some changes of the interface
to make it more user friendly(see 85.3).

So far the results look promising. But as it can be seen we are not still completely sure that
there is a possibibilty to create an ALICE-like analysis based on different Grid middleware
(namely gLite), because we have analyzed and implemented only a part of our model. What
has been done up to now:

1.

A preliminary recognition, analysis of existing environment and conditions, which
helped us to define the research and development strategy.

2. The definition of the model.
3.
4. The implementation of components of the model (the whole “ROOT” part is

The gap analysis of the chosen environment and of the model.

done).

Generally we can say that our plan for the next step of the project is to get the design of the
model and to get its implementation done in all aspects and to bring the system to a
deployment state.

Missing (not investigated or not implemented) parts of the system shortly could be
summarized as the following:

IS

Local PROOF cluster.

“Marriage” of PROOF and gL.ite.

Complete GAW and RGlite plug-in implementation.
Deployment.

Implementation for other Grid MW.

Further investigations of other Grid API Interfaces.

The following paragraphs contain information about our research and development plans.
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5.1 Local PROOF cluster

Before we can seriously look for the solution, which could help us to use PROOF on the Grid,
we need to get experience with PROOF. This is the reason why we need to have a local
PROOF cluster first, based on a most recent ROOT version (we require the most recent
version of PROOF, because it is an actively developed package of ROOT).

The GSI GridTeam had already pretty much worked with PROOF [14], also in this terms the
GSI GridTeam led a course in the GridKa School 2005 “Hands On ROOT / PROOF” [16].
This is a good and valuable experience, but since our team worked the last time on PROOF a
lot of changes have been made by the ROOT team in the PROOF package. We therefore
require a fresh and recent PROOF cluster being installed and investigated in all aspects. We
should find out a suitable solution for using PROOF algorithms in a gLite Grid.
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5.2 “Marriage” of the PROOF and gL.ite

The result of the research concerning a local PROOF cluster (see 85.1) is a part of the solution
which could help us to marry PROOF and gLite. We need a solution, which could give us the
same possibilities as in the case of AliEn and PROOF (see 83.1.2).
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5.3 Complete GAW and RGlite plug-in implementation

As it was already mentioned the RGlite plug-in has currently all required functionality which
needs to be in a ROOT Grid Interface plug-in for the gLite Grid middleware: it implements all
of the methods of the ROOT Grid Interface. Also it was stated that RGLite is completely
based on GAW (GSI GridTeam gLite APl wrapper library).

In spite of the fact that all of the functionality, required by the ROOT Grid Interface, is
already implemented we see some room for improvements and there is at least one
functionality, which we would like to implement.

For the next stage of the project we are planning the following implementation improvements
in RGLite and in GAW:

The GAW Job Manager is going to be slightly redesigned and will be implemented
as a C++ template class in order to support type traits and several different Job
Managers of gL.ite (for example WMSUI and WMProxy).

The interface of the GAW Core Manager is going to be changed accordingly to the
GAW Job Manager.

The GAW Job Manager will get better support for different job types (such as
interactive jobs).

BOOST [17] tests will be used instead of “home-made” tests in order to bring
quality assurance of the product to a higher level.

Several methods of the RGLite plug-in are going to be improved in terms of
usability (internal code improvements, better logging and user interaction).
Especially this will affect the TGLite interface.

There are currently several test cases (implemented as ROOT macros) for RGLite
and those can be used as examples for end-users. However it requires more
complex use cases and examples. This will help users to faster understand and get
to know this interface.

Project and code documentation are going to be constantly revised.

TODO: Write something about development of small tools (for example, a tool which will
scan gLite Ul and generate GAW config. automatically.)
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5.4 Deployment

As soon as we get the first fully operational alpha version of the product (for all of the means
— the whole implementation of the model for the gLite Grid) we will try to find test users.
Also, starting from now, November 2006, there will be a place from where the RGL.ite plug-
in, and the GAW library could be downloaded so that users who may want to use it could do
so already. RGLite can give some advantages already now, because it allows everyone who
uses ROOT to design and implement Grid enabled applications, but the real power for data
analysis will come as soon as we will implement a complete model and will get all of the
components (RGlite, ROOT, PROOF, gL.ite) to work together.

The deployment stage of the project will consists of three major parts:

1. Alpha. On this stage we would like to test our schema intensively in a “real life”
analysis including stress tests. We are expecting to get some individual users or a
small group of users to have close contact with while they use our solution. Most
probably here will be some design corrections and major improvements done. This
stage is dealing with user requirements, it is very important to get some test users
and feed back from them in order to improve the solution accordingly. There will
be an Issue tracker installed (like Bugzilla) where users can register an issue or
bug and get feedback from the developers.

2. Beta (or pre production). Here we are going to massively advertise our product and
try to deploy the system to bigger collaborations or groups of users. This is a very
difficult task. Therefore every possibility must be used, like conferences,
workshops or locale presentations. A regularly updated, dedicated product web site
with available downloads and documentation should be launched.

3. Production. This stage is a long term plan and has in mind the usage of the
solution in a production system. The strategy for the production system is going to
be designed on later stages of the project.

To bring our project to the alpha stage is the current plan for the deployment.
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5.5 Implementation for other Grid MW

When our system will get alpha release, we will start to develop implementations for other
Grid middleware, for example Globus4. This means that we would need to implement a
ROOT plug-in for Globus4 and implement after some investigation mechanisms to enable
PROOF job submission in a Globus4 environment.

Implementation for different middleware will improve the system, and mostly it will improve
the ROOT Grid Interface. While implementing a plug-in for Globus4 we will see if there is
any inconsistency in the interface, and we could find out about possible improvements
compared to what we did when implementing the plug-in for the gLite middleware.
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5.6 Investigate other Grid API Interfaces

We realize that it is important to be well informed about modern Grid technologies. Grid is a
very young technology and it grows pretty fast. We therefore should keep up-to date our
knowledge about generic Grid APIs, modern Grid technologies in newly developed or already
existing production Grids.

As a short term plan for the next stage of the project we assigned investigation and tests of the
following generic Grid APIs: Grid (Lab) Grid Application Toolkit [12] and Simple API for
Grid Apps (SAGA) [13].

5.6.1 GAT

“GAT is a set of coordinated, generic and flexible APIs for accessing Grid services from e.g.
generic application codes, portals, data management systems, together with working
implementations provided by the tools developed in the Grid Lab project (See the figure
below). GAT is designed in a modular plug-and-play manner; such that tools developed
anywhere can be plugged into GAT.

GridLab Architecture

OridLak [ J
www.gridiab.org Gridsphere Portal Appiication Layer

ASTROPHTRACS STCANORIANCE  OTHER LIFE SCIENVCES

GridLab Services . . I . ' i
b
Q :
Q
0
i
Eil-anoblad Web Sanvice AP
Service Layer
0
]
8
offer Core Sarvices E
Core Layer
g
]
]
o

Gridlab Testbed and Infrastructure

As shown in the above figure, GAT and the GAT API sit between Grid applications and
numerous types of grid middleware. GAT lifts the burden of grid application programmers by
providing them with a uniform interface to numerous types of grid middleware. As a result,
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grid application programmers need only to learn a single API, that of GAT, to obtain access to
the entire grid.” [12]

5.6.2 SAGA

“The SAGA Research Group at GGF (Global Grid Forum) strives to define a high level API
for developers of Grid Applications. Instead of interfacing directly to Grid Services, the
applications can so access basic Grid Capabilities with a simple, consistent and stable API.
For example, to copy a file on a Grid, not much more than

call fileCopy (source, destination);

should be needed. Although this example is simplified, it illustrates the motivation for our
work. The APIs specified by this WG will deliver a similar level of abstraction for several sets
of basic Grid operations. The precise set of operations is yet to be defined, based on use cases
elicited by the group, but our initial focus will be on file transfer and job submission.

The group will lower the barrier for scientific application developers to make use of the

grid by providing a small, consistent API for the operations of interest, the Simple API
for Grid Applications (SAGA).” [18]
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