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In High Performance Computing centers, queuing systemasee by the users to access and
manage the HPC resources through a set of interfaces. Aliesubmission, users lose control
of the job and they only have a very restricted set of intedaor accessing data concerning
the performance and progress of job events. In this paperegept a general-purpose API to
implement progress and performance indicators of indalidyplications. The API is generic
and it is designed to be used at different levels, from theaipeg system to a grid portal. We
also present two additional components built on top of theéak# their use in the HPC-Europa
portal. Furthermore, we discuss how to use the proposed AdPials in the eNANOS project
to implement scheduling policies based on dynamic loadnioaig techniques and self tuning
in run time.

1 Introduction

In High Performance Computing (HPC) centers, queuing systre used by the users to
access the HPC resources. They provide interfaces that aiers to submit jobs, track
the jobs during their execution and carry out actions on dfs fi.e. cancel or resume).
For example, in LoadLeveler the llsubmit command is useditovst an LL script to the
system. Once the job is queued, and the scheduler decidesttit,sit is mapped to the
resources by the corresponding resource manager.

After job submission, users lose control of the job and thely alispose of a very
restricted set of interfaces for accessing data concethimgerformance, or progress or
job events. In this situation, the queuing system only mtesia list of the submitted jobs
and some information about them, such as the job status outiméng time. Although this
is the scenario in almost all the HPC centers, there is inddion about the jobs that have
been submitted that is missing but required by the usersexample, they want to know
when their application will start running, once started gwlit will finish, how much time
remains, and if their application is performing well enough

If experienced users could obtain such information durirggob run time, they would
be able to take decisions that would improve system behakimr example, if an appli-
cation is not achieving the expected performance, the wedecide to adjust some pa-
rameters on run time, or even resubmit this application wéitv parameters. In the worst
case, if an application achieves low performance duringxd&ution, it is cancelled by the
system because of a wall clock limit timeout and thus consuregsources unnecessarily.

In this paper we present a general-purpose APl which caneimght progress and
provide performance indicators of individual applicasonThe API is generic and it is
designed to be used at different levels, from the operatystesm to a grid portal. The



design can also be extended, and the development of nevesgiui top the API are easy
to develop. The implementation is done through a lightwelitpnary to avoid important
overheads and starvation with the running application. We present two additional
components built on top of the API and explain how they aregbénHPC-Europa portal,
which is a production testbed composed of HPC centers. THeaA® the additional
tools can be used in both sequential and parallel applicafiplPl, OpenMP and mixed
MPI1+OpenMP). Furthermore, we discuss how to use the prapA&d and tools in the
eNANOS project! to implement scheduling policies based on dynamic loadncaig
techniques and self tuning in run time, to improve the bebvaef the applications and
optimize the use of resources.

In the following sections we describe the proposed API, stooks developed on top
of the API, its design and implementation, some uses of ttess, and we discuss the
benefits of using them in production systems.

2 Related Work

In both literature and production systems we can find sevaeshanisms which allow
users to monitor their applications. Firstly, we can find hsdsms offered by operating
system, such as the /proc file system in Unix and Linux systentke typical ps command.
These mechanisms allow the user with information about whhatppening during the
execution of the application, basically in terms of time aaslources used. In addition,
several monitoring systems have been developed in diffareas. The Performance API
(PAPI) project specifies a standard application programming interface)(#@Paccessing
hardware performance counters available on most modemoprimcessors. Gangfidgs a
scalable distributed monitoring system for high-perfoncecomputing systems, typically
for clusters. Other monitoring tools, such as Meréury NWSH are designed to satisfy
requirements of grid performance monitoring providing aing data with the metrics.

We have found some similarities between the presented woitkis paper and other
monitoring APIs such as SAGAHowever, these efforts do not exactly fit our objectives
and requirements, since with these existing monitorindstdas difficult to give users a
real idea of the progress and behavior of their applicatiwhde for us this is essential. In
our approach we try to provide a more generic tool, openfwgight, not OS-dependent,
and easy to use and to extend in different contexts (fromglesimode to a grid environ-
ment).

3 Architecture and Design

The API has 9 main methods which provide information aboettogress of the applica-
tion and application performance. Furthermore, its gerggsign allows the developer to
publish any kind of information concerning the job/applios, independent of its nature
and content. The API specification if presented below.
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Figure 1. Overall architecture

int CONNECT (char xappl.name)

/x Establishes a connection with the daemon for a particular applicationx/
int DISCONNECT (void)

/%« Closes a connection with the daemonx/

pi-id INIT_PROGINDICATOR (char xname, pidesc xdescription)
IxInitializes a progress indicator with the specified name & descriptionx/
int INC_PROGINDICATOR (pi-id id , pi-value xvalue)

/xIncrements a progress indicator with the specified value=x/

int DEC_PROGINDICATOR (pi-id id, pi-value xvalue)

/x Decrements a progress indicator with the specified valuex/

int SET.PROGINDICATOR (pi_id id, pi_value xvalue)

/x Sets the value of a progress indicator with the specified valuex/

int RESETPROGINDICATOR (pi-id id)

/x Sets the default value of a progress indicator x/

int GET_PROGINDICATOR (pi_id id, pi_value xvalue)

/x Returns the value of the specified progress indicator by referencex/
int REL_PROGINDICADOR (pi.id id)

/x Releases a progress indicator. The identifier can be reusedx/

We have also included the CONNEQIID method, which takes into account the PID
of the application. This method is specially useful whenréd user of the progress and
performance APl is an application itself (a good exampléésiinplementation of the tool
constructed on top of the /proc file system). Its interfacghimwn below.

int CONNECTPID(char xapplLname, pidt identifier)
/x Establishes a connection for a particular application & PID x/

We present the architecture of the whole system in Figure e dpplication uses
the API and it is linked to a library which implements the ARIdgprovides an interface
to connect the application to a daemon which manages theféseé components. The
daemon is the main component of the system and, basicallyaimulti-threaded socket
server that gives service to the clients, to the library andther external tools developed
on top of the API. Apart from managing all the connectionsstdres all the data and
provide an interface to access it.

We have implemented a client interface that can be usedghrawommand line tool,
and can also be used through an administration tool to s, and manage the main



functionality of the daemon. Moreover, the system proviadava API that allow external
Java applications to access the system functionality. ARiss specially useful to imple-
ment services that use the progress and performance systaghier layers such as web
and grid services (an example of this approach is preseatedtith the HPC-Europa por-
tal). All the interface communications are implementedwsibckets to ensure extensibility
and flexibility; furthermore, it enhances efficiency.

The main data structures used in the whole system are shaaw.bEor simplicity
and efficiency, a progress or performance indicator is défama generic metric with
some restrictions in terms of data types and the informatiahcan include.

typedef int pi_id;
typedef enum {ABSOLUTE=1, RELATIVE} pi_type;
typedef enum {INTEGER=1, STRING, DOUBLE, LONG TOD;

typedef union{ int int_value;
char str_value [BUFSIZE]; /xe.g. BUF_SIZE=256x/
double doublevalue;

long long long_-value;
} pi-value;

typedef struct _pi_-desc{ pi_value init_value;
pi_type  type;
TOD tod;
} pi.desc;

The “pi_id” is defined as an integer type and identifies the progregdisators. The
“pi_type” define the kind of progress indicator and include befative and absolute in-
dicators. An example of an absolute indicator is the numbepmpleted iterations of a
loop and an example of a relative indicator is the percentdgmmpleted iterations of
this loop. “TOD”, that is the acronym of Type Of Data, definke kind of the progress
indicator data. The “pizalue” stores the value of the progress indicator depenaiintpe
data type specified in the “tod” structure. The full desdoiptof a progress indicator is
composed of the type of indicator (pipe), its type of data (TOD), and an initial value
(for example 0 or an empty string).

The constructor of the metric class of the SAGA monitoringdetbis shown below.
The metric specification of SAGA seems even more genericttia@P| of the progress
indicators because it includes some more attributes arsltheeString data type for each
of those attributes. However, as our daemon returns thenv#tion in XML format, we
are able to provide more complex information. Thus, wherctiemt requests information
about a given indicator, the daemon provides informatiauathe metric, plus some extra
but useful information, for instance the application pisxckD or the hostname.

CONSTRUCTOR ( in string name,

in string desc,

in string mode ,

in string unit ,

in string type,

in string value ,
out metric metric);

The XML schema of the data obtained from the daemon with tlemtinterfaces is
shown in Figure 2. Itis composed of a set of connections(®inection). Each connection
has a name to identify it, the name of the host in which theiagfidn is running (the
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Figure 2. XML schema of the progress indicators data

master in the case of MPI), the ID process of the applicatioa,number of indicators,
and a set of indicators. An indicator has a name that idestifieand a full description
as presented previously. We have chosen XML to describenfbemation because it is a
standard and can help external tools to manipulate the data.

4 Implementation

As well as implementing the API, we have developed a set ofpmrants on top of the
main infrastructure presented above. Firstly, we have émginted a tool, called nanos-
ind_proc, on top the API. It is designed for Linux systems, andsjaies a set of progress
indicators with no need to modify the original applicationto link it with any library.
The nanos-ingroc is an external process, and it requires the PID the i that will
be monitored. It collects the information regarding thecsfied PID from the /proc file
system, creates a set of progress indicators, and updasssitidicators through a pooling
mechanism. The pooling is configured by parameters wherathesiindproc is executed.
In this module it is essential to make the connection by utiegnethod that has an input
the PID. This is because the PID is used to map the informatitained from the /proc
with the progress indicators. Using this mechanism we céinelandicators of any of the
information contained in the /proc, for example the user syslem time or the memory
usage. In case of MPI applications, the API is used for eaohgss separately and the
information is merged by the APl daemon. The basic schemaigtbomponent if shown
in Figure 3.

Secondly, we have developed another external tool on topeoAPI to obtain infor-
mation regarding the application hardware counters. Wighcurrent implementation, the
original application only requires a very small modificatiolt only needs to add a call
to a new method at the beginning and at the end of the apjlicalin fact, the user only
has to include a call to the nanowsl_hwc_init and nanosnd_hwc_close methods provided
by a new library (nanos-intiwc). This library spawns a new thread (pthread) that cre-
ates a set of progress indicators (in this case performawdieators), initializes and gets
the value of hardware counters, and updates the value ohiti@ized hardware coun-
ters through the progress indicators. We have developediiffigrent implementations
of this tool, one for Linux and another for AIX. For Linux we V@used PAP!to get
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Figure 3. Schema of the "/proc” module (left), and scheméefttardware counters module (right)

and manage the hardware counters, and for AIX we have usedFPMBOmMe examples
of metrics that can be implemented with the performancecatdrs are the number of
MIPS or MFLOPS that the application is achieving (absolwgki&) or the percentage of
MFLOPS (respect the maximum possible in the resource) tieatipplication is achiev-
ing. The hardware counters required in PAPI to calculatedmeetrics are: PABFP.OPS

(number of floating-point operations), PAPOT_INS (total number of instructions) and
PAPLTOT_CYC (total number of cycles). In the case of MPI+OpenMP paralpplica-

tions, we monitor the MPI processes from the MPI master m®cand we use collective
metrics for the OpenMP threads. The basic schema of this coemnt if shown in Figure 3.

5 The HPC-Europa testbed: a case of study

In addition to developing some tools on top the API, we havplémented a Java API
to allow grid services to access the API progress indicafbine methods of this API are
shown below.

String getDaemoninfo (String daemonHostname)

/x Gets all the information from the daemon in the specified host x/
String getDaemonlinfoPid (String daemonHostnameént appl-pid)

/x Gets the connections and indicators of the specified application x/
String getDaemonlinfoConnection (String daemonHostnam®tring connectName)
/x Gets the information of the connection with the specified name x/
String getDaemonlinfolndicator(String daemonHostnametri®g indicatorName)
/x Gets the information of the indicators with the specified name x/

We have used the Java API in the HPC-Europa single point eflssquortal. One major
activity of the HPC-Europa project is to build a portal thedyddes a uniform and intuitive
user interface to access and use resources from differeDiddRters in Europge As most
of the HPC centers have deployed their own site-specific HRIQad infrastructure, there
are currently five different systems that provide a job ssion and basic monitoring
functionality in the HPC-Europa infrastructure: eNANBSGRIA®, GRMS, JOSH, and
UNICORE,

The monitoring functionality is done with the “Generic Maming Portlet” as is shown
in Figure 4. In this figure we can see 3 submitted jobs, two efrthiunning in the same
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Figure 4. Monitoring functionality of the HPC-Europa SPAab

machine. For each of these jobs, the monitoring portletides/a set of data in which

a “performance ratio” is included. This ratio indicates fercentage of MFLOPS the
application is achieving in relation to the maximum MFLOS application can achieve
in this machine. This value gives the user an idea of how ipdiegttions are behaving. In

case of the example shown in Figure 4, if the scheduler stantsing another application in

the same machine and the machine does not have any moredoeeaes, the performance
ratio of the running applications would decrease more andemuoecause the machine
would be probably overloaded.

6 Discussion

In this paper we have discussed the lack of information optbgress and performance of
the applications in a HPC system. We have also discussedithditity of a progress and
performance system which gives the user an idea of how itBcagipns are progressing
and helps to improve the performance and the use of resooftles HPC systems. In an
attempt to improve the system, we have presented a genetliofAdPogress and perfor-
mance indicators and some tools which can be implementedpafithis API. We have
also explained how we have used this API and tools in the HR@jia single point of
access portal.

In addition to using the progress indicators APl as a momitptool, we have intro-
duced this API inside the eNANOS systEntio improve its scheduling policies. The idea
is using the progress indicators to perform the grid schedguided by the performance
and progress indicators. Therefore, thre job schedulindgpeadone based on dynamic load
balancing techniques at the grid level. Furthermore, wee liategrated the progress and



performance system into our grid brokering systéand also with other systems such as
GRMS’ in the framework of the CoreGRID projéais described 1.

Future work will focus on improving the scheduling poligiesing the progress indi-
cators APl more deeply with the current implementation. \&fele that the progress in-
dicators API can improve current scheduling policies by binmg the information about
the progress of the applications with the information aletdifrom our prediction system
and the run-time information about load balance. Specifioak believe that the dynamic
adjustment of MPI+OpenMP applications on run-time can b@rowed with this additional
information.

Finally, we are working to improve the current modules of phegress indicators API
and to implement new functionalities. Our main objectivimimake it possible for the user
to avoid adding any line of code in the original applicatiomecompiling the application to
obtain the performance indicators obtained from the hardwaunters. We are working on
dynamic linkage for sequential applications and the usagdil for MPI applications.
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