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Executive Summary
ThisdocumentpresentstheÞrstprototypeimplementationof aruntimeenginefor
XtreemOSAPI asspeciÞedin deliverableD3.1.1[6]. Weoutlinethedesignof the
implementation,explainhow to install anddeploy it, andreferto aprogrammerÕs
manual.
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1 Introduction
For thesuccessfuladoptionof theXtreemOSgridoperatingsystem,it isextremely
importantto provide a well-acceptedAPI to its potentialapplicationprograms.
To accomplishthis goal,wearefollowing aniterativeapproachto specifyingand
implementingthis API. In our previous deliverable,D3.1.1. [6], we have pre-
sentedtheSimpleAPI for Grid Applications(SAGA) [2] astheÞrstdraft API for
XtreemOS.

In this deliverable,we provide a Þrstprototypeimplementationof theSAGA
API, written in the C++ programminglanguage. In a companiondeliverable,
D3.1.2[7], we provide the seconddraft API for XtreemOS,focusingon SAGA
extensionsto accomodatespeciÞcXtreemOSfeatures.Thoseextensionswill be
providedin futureimplementationreleases.

In this document,we outline the underlyingdesignprinciplesof our SAGA
C++ implementation,andprovide informationfor its download,installation,and
use.

2 The XtreemOS API, first draft specification
In our previous deliverableD3.1.1[6], we have motivatedthe useof the SAGA
API [2] speciÞcationastheÞrst draft XtreemOSAPI. Thatdeliverablealsocon-
tainsabrief overview of theSAGA API, its structureandits scope.Sincethepub-
lication of D3.1.1,theSAGA API speciÞcationevolvedsigniÞcantly, but mostly
in terms of consistency and look& feel ratherthan in termsof scopeandfunc-
tionality. Notably, several changesproposedby XtreemOSpartnershave been
incorporated,amongstthema differentmechanismfor asynchronousmethodin-
vocation,andtheinclusionof theJSDLSPMDextension[5], bothessentialto the
XtreemOSenvironment.

In general,theobservationsmadein D3.1.1still hold: theSAGA API covers
the scopeof XtreemOSvery well, with only very few notableexceptionssuch
ascheckpointandrecovery, andACLs accordingto the withdrawn POSIX draft
IEEE1003.1e/2c.Also, our implementationof theSAGA API in C++ (described
in this document)shows that (a) the API cansensiblybe implemented,and(b)
providesthepromisedsimpliÞedaccessto grid resources.

3 A runtime engine for the first draft XtreemOS API
In its generalarchitecture,ourSAGA implementationfollowsthelessonswehave
learnedwith the SAGA predecessorGAT [1]: a small dynamicengineprovides
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dynamiccall switching of SAGA API calls to middleware bindings(adaptors)
which aredynamicallyloadedon demand,andboundat runtime(late binding).
The relation betweenthesecomponentsare illustratedin Figure 1. Unlike the
GAT, SAGA providesan extensibleAPI framework, consistingof a look& feel
part,andanextensiblesetof functionalpackages.Implementationsneedto take
specialcareof thisextensibility. Weexplainourapproachto anextensibleimple-
mentationin theenginedescriptionbelow.
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Figure 1: Architecture: A lightweight enginedispatchesSAGA calls to dynamically loaded
middlewareadaptors.

The SAGA C++ Engine
Oneof thetechnicallychallengingrequirementsof theSAGA CoreAPI speciÞca-
tion is thatSAGA objectcopy operationsareshallow copiesby default,socopies
donotperformadeepcopy of objectstate.Thesesemanticsareperformantin re-
moteenvironmentsasthey avoid remoteoperations(statequeryandduplication)
in mostcases.

A secondchallengeis that the lifetime of a SAGA objectis not only deÞned
by its scopein theprogram,but depends(a) on thelifetime of objectsdepending
on that instance,(b) pendingasynchronousoperationsfor that instance,and(c)
shallow copiesof thatinstance.

Toaddressthesechallenges,ourSAGA implementationusesatechniquecalled
thePIMPL mechanism(privateimplementation),shown in Figure2. Using this
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technique,we wereableto simplify the internalstatemanagementof SAGA ob-
jectsandto resolvethelifetime dependenciesbetweenSAGA objects,SAGA ses-
sions,andadaptors[4]. At thesametime,theengineprovidesthecompleteSAGA
taskmodel,e.g. implementsall SAGA operationsasynchronously, evenif that is
notexplicitly supportedby thebackendservices.Both thecentralcall routingand
thecentralmanagementof asynchronousoperations,allow for smartruntimeopti-
mizationsof theremotemethodinvocations[3], whichare,for example,exploited
for bulk optimizations.

Facade instance
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Adaptor selector

CPI instance

Constructor

Select adaptor

Create CPI instance

Constructor

API objects Implementation objects Adaptor objects

Instance creation

CPI function call

Activate adaptor

API objects Implementation objects Adaptor objects

Facade instance Implementation Adaptor selector CPI instance

API function call

impl function call

Select adaptor

Call routing

Routed call
Middleware 
invocation

Figure 2: The PIMPL mechanismhidesthe implementastionfrom the end user. Shown are
objectcreation(top)andinvocationof aSAGA functioncall (bottom).

Using the PIMPL mechanism,the SAGA objectdoesnot maintainany state
itself,but ismerelyafacademaintainingaprivate,sharedpointerto theimplemen-
tation of the (stateful)SAGA object,andall methodinvocationsaresimply for-
wardedto that implementationinstance.On copies,a new facadeinstanceis cre-
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atedwhich maintainsanothersharedcopy to the sameimplementationinstance,
using,by deÞnition,shallow copy semantics,asthestatefulimplementationis not
copiedat all. Also, dependingobjectsandtaskinstances(which representasyn-
chronousoperations)maintainadditionalsharedpointersto the implementation
instanceandarethusextendingthelifetime of thatinstance:only whenall shared
pointercopiesareÞnallyfreed(i.e. whenall dependingobjectsaredeletedandall
asynchronousoperationsarecompleted)is thestatefulimplementationdeleted.

Task N
(saga::task)

Task 2
(saga::task)

Facade object
(saga::file)

Implementation object
(saga::impl::file)

CPI instance
(default_adaptor::file)

Task 1
(saga::task)

Creation

Strong reference

Weak reference
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Figure3: Sharedpointersto theimplementationobjectinstancedeÞnethelifetimeof theSAGA
objects.

As canbeseenin Figure3, we alsousethesharedpointerabstractionfor the
internallifetime managementof theadaptorinstances:multipleof thoseinstances
can co-exist and provide the implementation(i.e., middleware binding) of the
SAGA objectimplementations.

Summarizingour experienceswith implementingthe SAGA API, we have
learnedthefollowing lessons:

• As almostall grid operationsare to a remoteservice, communicationla-
tency andmiddlewareinvocationoverheaddominatelocal invocationcosts.
This allows API implementationsto apply elaborate(andtraditionally ex-
pensive) optimizations,andcleanandsimple(andalsotraditionallyexpen-
sive)implementationapproaches:acoupleof elementsin thecall stacksim-
ply donotmatter(asthey costatmostmicro-or maybemilliseconds),com-
paredto remotecommunicationlatency andmiddleware invocationover-
headthatmaysumup to tensof seconds.

• It is possibleandadvisableto provide anextensibleimplementationfor an
extensibleAPI. This lessonseemsself-evident,but needsto befollowedin
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multiple dimensions:implementation,maintenance,support,documenta-
tion, tutorials,optimizations,etc.

• Softwarecomplexity doesnot disappearby introducingnew layersÐcom-
plexity just getsmoved to a different layer. In our case,the complexity
of interfacingto grid middlewareis movedout of theapplicationcode(as
intended)and into the SAGA adaptors. As such,we considerour imple-
mentationapproachto behighly successful.

The SAGA C++ Adaptors
Along with theSAGA engine,which is providing theSAGA API itself, we have
startedto implementthe appropriatemiddlewarebindings,i.e. SAGA adaptors.
Firstly, local adaptorshave beenprovided which interfaceto the local operating
system(in thecaseof XtreemOS:Linux) andprovide theSAGA functionalityon
thelocalhostmachine,aswell asLinuxSSIclusters.Besides,thelocaladaptorset
isalsoimportantfor (a)developmentanddebuggingpurposes,and(b)asreference
for other, non-localadaptors.

Further, theSAGA implementationincludesexperimentaladaptorsto theGlobus
(GT4) GridFTPservicefor Þle accessandÞle management,and to the Globus
(GT4) GRAM servicefor job submissionandmanagement.Obviously, thenext
stepis to interfacedirectlywith theXtreemosservices,andthustoprovideXtreemOS
adaptors.This is subjectto futuredeliverables.

4 Installation and deployment of the runtime engine
Our C++ SAGA implementationis an opensourceproject,a collaborationwith
otherpartiesinterestedin developingtheSAGA API. It is recommendedto down-
load the lateststablerelease,available from the SAGA website. For historical
reasons,theSAGA websiteis locatedat:

http://saga.cct.lsu.edu

Thedevelopmentsourcetree,with themostrecentsnapshot(not alwaysguaran-
teedto befreeof problems),canbefoundin thepublic subversionrepository:

svn co https://svn.cct.lsu.edu/repos/saga/trunk

TheSAGA sourcedistributioncontains

• aquick introduction(./README)
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• compileinstructions(./INSTALL)

• compileenvironmentfor Unix/gmake, Unix/Eclipse,Windows/VisualStu-
dio, andMaxOS-X/XCode(./projects/)

• severalexamplesandtutorialmaterial(./examples/)

• sourcecodeof theC++ engine

• acompletesetof localadaptors

• Globusjob (GRAM) andÞle(GridFTP)adaptors.

SAGA dependson the free BoostC++ libraries,version1.33.1or higher. They
canusuallybefoundin thepackagerepositoryof your Linux distribution. Alter-
natively, they canbedownloadedfrom http://www.boost.org.

Below, the Linux/make installationguidelines(relevant for XtreemOS)are
quotedfrom theINSTALL Þleof thesourcedistribution.

---------------------------------------------------------------
Quick Start - UNIX/Linux

Build & Install SAGA
--------------------

- Configure SAGA: configure
Run configure in the top directory of the source
distribution. You can pass a lot of options to configure.
At least, you should use option --prefix to specify where
to install the library. For example:

./configure --prefix=<DESTDIR>

To see other options of configure run: ./configure --help

For example, you can pass --without-<PACKAGE> to exclude a
specific package from the build process.

- Build SAGA: make
NOTE: If you don’t have a Globus installation, make will
fail building the Globus Adaptor set. We don’t have a
configure switch to exclude the Globus adaptors from the
build process yet. Don’t bother about it! ’make install’
will still install all required parts of SAGA.
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- Install SAGA: make install
This will create (in case it doesn’t exist) a directory
(--prefix=) containing:

lib/ -> shared libraries and adaptors
include/saga/ -> header files
share/saga -> configuration (.ini) files

Build & Install the Globus Adaptor Set
--------------------------------------

- Set GLOBUS_LOCATION and GLOBUS_FLAVOUR variables according
to your system settings:

export GLOBUS_LOCATION=/usr/local/globus (default)
export GLOBUS_FLAVOUR=gcc32dbgpthr (default)

- cd adaptors/globus4-preWS/

- Build the adaptors: make (please ignore compiler warning ;-)

- Install the adaptors make installs

Configure SAGA Environment
-------------------------

To help SAGA to find its configuration files, you should set
the SAGA_LOCATION variable to <DESTDIR>:

export SAGA_LOCATION=<DESTDIR>

If you have installed SAGA to a non default location on you
system you may also want to add the SAGA libraries to the
dynamic loader’s include path:

- On Linux and most other Unix systems:

export LD_LIBRARY_PATH=$LD_LIBRARY_PATH:$SAGA_LOCATION/lib

- On MacOS X:
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export DYLD_LIBRARY_PATH=$DYLD_LIBRARY_PATH:\
$SAGA_LOCATION/lib

If you want SAGA to produce more verbose output and
debugging statements, you can set the SAGA_VERBOSE variable
to a non-zero value:

export SAGA_VERBOSE=1

A Simple 5 Minutes SAGA Example
-------------------------------

Here’s a small program reading the content of a file using
SAGA’s package_file I/O methods:

//////////////////////////////////////////////////////////
//
#include <string>
#include <saga.hpp>

int main( int argc, char* argv[] )
{
if ( argc < 2 )
{
std::cout << "\nUsage: " << argv[0]

<< " [URL] \n"
<< std::endl;

}
else
{
saga::size_t readbytes = 0;
char inbuff[64];

try
{
saga::file f (argv[1], saga::file::Read);

while ( readbytes = f.read (saga::buffer (inbuff)) )
{
std::cout << std::string(inbuff,readbytes)
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<< std::flush;
}

}
catch (saga::exception const &e)
{
std::cout << "Couldn’t read the file: "

<< e.what()
<< std::endl;

}
}
return 0;

}
//
/////////////////////////////////////////////////////////////

Copy the source to a file "saga_file_read.cpp" and compile it
using the following command:

g++ saga_file_read.cpp -o saga_file_read \
-I$SAGA_LOCATION/include \
-I$BOOST_LOCATION/include -L$SAGA_LOCATION/lib/ \
-lsaga_engine -lsaga_package_namespace \
-lsaga_package_file

The resulting binary should be able to read and print out the
contents of arbitrary local files on your system - for
example:

./saga_file_read any://localhost/.bashrc

should print out the content of your .bashrc file.

NOTE: If you try to substitute localhost with a hostname that
doesn’t point to your local machine, the execution will
fail if you haven’t built the Globus GridFTP adaptors.
Otherwise it should work on Globus resources as long as
you have a valid Grid Proxy Credential.

Have fun!

The SAGA development team.
---------------------------------------------------------------
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5 API documentation
API documentationis availablein threedifferentformats.Firstly, theOGFSAGA
API standarddocument[2] is, naturally, a comprehensive documentationsource
for the SAGA API. Secondly, a numberof tutorialsareincludedin the released
codepackage.And Þnally, a detailedAPI documentationis generatedby doxy-
gen.It is availablefrom

http://saga.cct.lsu.edu/apidoc/

6 Summary and Future Work
In this report,we have presentedtheÞrstprototypeof theXtreemOSruntimeen-
gine,implementingtheSAGA API, accordingto ourpreviousdeliverableD3.1.1.
We have outlined the underlyingdesign principlesof our implementation,and
haveprovidedinformationfor download,installation,anduse.

In acompaniondeliverable,D3.1.2,wearepresentingtheseconddraftAPI for
XtreemOS,focusingon SAGA extensionsfor exposingXtreemOS-speciÞcfunc-
tionality. Thisfunctionalitywill beimplementedin laterreleases.Otherdirections
of futurework arelanguagebindingsto the SAGA API. The currentimplemen-
tationdeÞnesanad-hoclanguagebindingto C++, which still hasto undergo the
standardizationprocesswithin OGF. Otherrequiredlanguagebindings(likeJava,
C, Fortran)needto bedevelopedlater, aswell.
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