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[. INTRODUCTION

ms are now largely adopted In

- dustries and universities. This is mainly due (o the low
indu of personal computers and the possibility to take
st 2]l the available resources through a fast

Distributed  SYySte

| q0€ of :
advz}n;rga -etwork [FAU 99]. We consider a cluster as a
s rconnected computers, and a distributed

set of cooperating processes running on

lication as a
2ﬁg or more processors [TEL 94]. F o
ns designed to exploit this power

istributed applicatio |
: anage than centralized ones. To

more complex to M
3221 with this complexity, some value added tools offer

ices, usually not included in the operating system

(AHR 99] (BOR 95] (Load Balancing [ZHO 93] [FOL 94|,
Fault Tolerance [FOL 94], Debug and Replay [NET
92] [RON 99] [RON 97], Performance Mea..suremenF [MIL
95] [NOE 94], etc...). These tools require momtor}ng
information, and often come with their own observation

technique, which implies building a new observation

system when designing a new tool.
Every observation System involves a monitoring

granularity and a set of monitored resources [MAN 93].

is either a coarse grain or a fine grain one,

The granularity I
but most existing tools use a fixed granularity, which

ng process [SRI

d with a small
and

cannot be changed during the monitqn
94]. A coarse grain monitoring, realized with
frequency, produces less intrusion to the applications
the underlying operating systerm. However, a At .dc.lay
exists between the occurrence of the resource variation
and the moment it is detected, which 1s due (O the

monitoring frequency. The At delay can be rcduc?cd.by
increasing the frequency to reach 2 fine graip monitoring
that produces more reliable :formation, but it often lgads
to an important network load and is extremely CPU timé

consuming.

A usual way to decrease the overhead generated by @

fine grain monitoring is to reduce the number of observed
resources. The information accuracy 18 therefore the same
for this subset of resources, but it is WOISE for the entire
cluster. On the other hand, only a subsel of all the
resources require permanent monitoring, while others need
o be observed during critical phases. T his resources
subset is usually specified at the beginning of the
observation [SRI 94] [EUS 95] and cannot be mod}ﬁed
later, even if one or more resources are no more pertinent

for the current observation. In the same Wway, new
pertinent resources cannot be added during the monitoring

process. .
Another side effect when choosing a coarse granularity

is to potentially miss the occurrence of an emergency state
of a resource, and let it reach a fatal value where the
associated station or application crashes. In this case,
increasing the monitoring frequency (o a fine granularity
will reduce the probability of missing the emergency state,

but won’t ensure detection on time.
In this paper, we propose to use self adaptable probes

in a generic monitoring platform. Using a self adaptable
probe is an efficient technique (o reduce monitoring
overhead while offering fine grain observation, which 1s
only performed when necessary. Moreover, self adaptable
probes allow to detect an emergency staie for a given
resource, and give a value added tool the opportunity (0

handle this state. _
Section II presents the requirements for an adaptable

monitoring platform. Section III gives the general
architecture of PHOENIX, our generic monitoring
platform. Section IV defines monitoring techniques using
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in bC requested by a tool registered to this
s O ‘

acing and specified using logical expressions.
o (I«

MS (Network Mcssagc Systgln') 1S @ multicast

ystem which offers a simple way to send
nun! sssage passing. An NMS client can specify the
daté \-“m ?:wgc« it wants to receive through a registration
| f{];tbasc d on message signatures. A registration
qechan’: 1vnamically created, destroyed, activated or
be td. The NMS hides the distributed environment,
dcai‘“"ajclv'mg architecture and the operating system, and
the under “independent, where a transmitter doesn’t have
o laca(lgi?hcf about the location of the receivers, nor their
carc

The N

ication S

“,'nu"icaﬁons between the different components of
C(.mr\;]X are made through the NMS to respect the
pHOE adependent requirement [BON 95], and a tool

. 1 . ;
locat;ﬁl‘l be located anywhere on the distributed system.
can

, - pHOENIX library p.rovi.des a set of monitoring
__ves to replace the application’s system calls and for

. | management of the collected traces.
interna her set of primitives allows the management of
. OFn conditions (specification, modification and
momtcl)ﬂcxi —ession). It also provides the way to retrieve

logica of the system and the applications. There are three
trac:cSS of primitives, connection, subscription and
classe

larity control. The first class 1s used to get connected
granular onnected from the platform. Once connected, a
(o and disC et of primitives (o subscribe to a resource trace,
tool he.lsats (o deactivate and to cancel a subscription.
o activa s ribed, a tool can dynamically modify any

When subsc it
anularity.
reSOTL};CePg;I()ENIX library has to be linked to both, tools
Znitored applications. The only modification at the
andlifélation level is done to its Makefile, which has to
?r?gude this new library.

D. System Probes

odify 1ts monitoring requirements. It sends the collected
;rylstem nformation to the tools according to their requests.

An instance of the SMA is inserted on each
workstation kernel. [t waits for a request. to st.art
monitoring. Upon reception of a reqqest, it begins
monitoring and delivering to the tool at a given frequency.
When no more tracing is requested, the SMA stops the

observation and the transmissions. An SMA 1S 1n charge. of
local resource monitoring like the load of the worl<.s§atlo.n
and the total allocated memory. A monitoring condition 18
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associated with each
monitoring frequency.

resource. which defines its

E. Application probes

A probe is a piece of code automatically inserted by the
PTEprocessor into the source code of the application during
the compilation step. The PHOENIX library is then added
to the current application’s libraries during the linking
step.

A probe is always active, it can be dynamically
enabled or disabled. A disabled probe executes the
specified calls  without executing the monitoring
primitives. Each enabled probe is associated with a
monitoring condition specified by a logical expression.

F. Logical Expressions

Logical expressions are stored in a file and include
operating system and application monitoring conditions.
Probes initialization is done at boot time for the operating
System probes, and in the main() function for the
applications probes.

There are three types of application probes; COMM,
MEM and /0 probes (for communication. memory, and
input/output  respectively). Each probe has three
parameters that can be used in a logical expression. The
first one is the tracing frequency (/O_FREQ,
COMM_FREQ, and MEM_FREQ), which defines the
elapsed time between two consecutive tracing. The second
parameter, which expresses the number of a resource use,
1s [O_CALL_NBR for the 1/0 probe, MEM_CALL_NBR
and COMM_CALL_NBR for respectively the MEM and

the COMM probes. The third parameter corresponds to the

total volume of a resource use, thus COMM VOLUME,
MEM_VOLUME, and I/0 I0_VOLUME.

In addition to the applications probes, the operating
system probes include a load probe (LOAD), which gives
the workstation load. The LOAD probe has only two

parameters, the probe frequency (LOAD_FREQ) and the
probe value (LOAD_VALUE).

Monitoring granularity of a given probe is defined by a
logical expression. A logical expression includes simple
expressions and logical operators (AND, OR , NOT)
[BOU 00]. A simple expression is composed of a probe
parameter, unary (DELTA) and binary operators (=, <, >,
<=, >=, <>) and a probe value. DELTA(term) represents
the magnitude of change on the value strictly generated
since the last trace delivery. A typical example of a logical
expression for a system memory probe is:

probe system_memory {
MEM_VOLUME >= 32M

OR
DELTA ( MEM_VOLUME ) > 500.000 ;

/
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Figure 2: Variable granularity tuning

Figure 2 shows the evolution of the allocated memory
by the operating system on a given workstation. In order to
detect the point where the memory curve crosses the

warning threshold, the following logical expression is
used.

probe system_memory
jWEM__VOLUME >= warning_threshold;
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The monitoring granularity tuning mjp;
grain observation interval to the strictly
The dynamic modification of the mopiy
subset according to events occurrences, p
from continuously monitoring resource
permanently useful. Only the resources Permanent]y .
are continuously monitored with a coarse T Y:tseful
same time, a yo—yo behavior of a resource va.luc (tgz

value quickly moves up and down around the Warning

Mizes the
Needed Periog
Ored. resoyge,
FEVENLs the 1y,
S lh&[ are ot

ling

threshold), will significantly increase the global overhey
This 1s due to the induced network load (due to the
granularity modification requests) as well as the CPU (i
needed by the probe to handle the multiple switches
between fine grain and coarse grain monitoring.

V. SeLF ADAPTABLE PrOBES

The key idea of a self adaptable probe is to handle a set
of granularity controls usually performed at the tool level.
A granularity control is a request issued by a tool 10
modify the monitoring granularity of a resource. Ths
approach decreases the communication generated by e
tool in order to control the granularity. An error tolerance
Is defined to handle the side effect of a yo—yo benavior
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prevent the virtual

probe from permanently switching
between the default a
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xceed Ty 10 reach a fatal val‘uc ‘(spcmﬁcd by the probe has a yo-yo behavior EE ,
high “‘h.a‘h will lead 1o an application or operating '
m;’”' “'h':h (the allocated memory exceeds the amount of s A
' ~rdl _ . "
>)"“‘-C]2t]ﬂtc virtual memory, no more space left on the file Monitored Call Use .‘
gvale ~ - : | |
cystem. N) daptable probe automatlcally‘ adjusts its D T RN AR S A A
A SC granUlamy according 10 the warning and hard Virtual Probe {Vimml Probe Virtual Probe | | |
mnnitorlnﬂgg ocified by a tool.. It is cqmposcd of a set of — | | |
lhfcsho]db ‘tr))cs and a freezing action to handle an —— - Sl |
’ ula . | | | |
\'irtuf“ pquaw. A probc can have any number of V1r.tual lTes' : S;;‘U'aw s ? :<T3ef2;‘u‘am‘f ::
e"“’rgcnc\,yh{ch can belong to several tools, b.ut a given L | ¢ f14::,9.0.8 T e 18 :
probes: \robe belongs only to on¢ .tc.>ol. Each virtual probe Ready? e : Regdy? i
virtual Pi’ llowing monitoring copdmon: 1IN R il
has lhcf Olt nonitoring granularity (Dmg), defined through YES INO Va NO| ves Inolf |
A De au - 1 X I eerd 8
logical EXpIEt S ing threshold (Tw) and f 2 ] |
o le of thresholds (warning | ' ff“ Probe[ﬂe : |
yo. A ;Oufhrcshold (Th)) and a warmnlg monlltor.mg Prob phi :dy.—q\ : |
jar wmg) defined through a logical rope e N |
Jarity YES| [NO| _/ |
g 4
exprcSCS::‘I’)‘t‘ébl o crror tolerance (Et) associated with the !
n ac : g
: arning threshold, ADY) Deliver Monitoring Information
5 A W tion (Enabled or Disabled).

A freczing ac

: has its own monitoring granularity,
EaC.h Ylgualfdr::teof the monitoring granularity of the
which 18 = leprobes. Therefore multiple virtual probes can
other vlrtuani’e critical phase (i.e. the same warning and
have the Sla 1ds), but different monitoring granularities,
hard .[hres l(: crrc,)r tolerance. A virtual probe 1s initially at
and differen canularity, and is in the "Not Ready" state. As
the defal-llt L?nonitoring granularity (i.c. logical expression)
soOHlf’:ﬁl;; it goes to the "Ready"” state. Thereafter, the
15 sall ’

Iso goes to the "Ready” state, which triggers the
probe; 25 fg monitoring information and then exits. Thus,
delivery 7 amonitoring information 1s produced and
only rc:(;e (o the tools, even when several ones are
delive

ine it. This reduces the communication overhead,
requeS oL

Figure 4: Probe Structure

As long as the CPv varies between the hard threshold
and the warning threshold plus the error tolerance, the
granularity is not modified. The choice of the tolerance

value can significantly influence the virtual probe
behavior. If the tolerance value is too small, it won’t be
able to handle an important yo-yo effect. On the other
hand, if the tolerance value is too large, the virtual probe
could stay too much time in the critical phase, and could
potentially never return to the default granularity. In this
case, the monitoring overhead will considerably increase
(due to a permanent fine grain monitoring), and a self
adaptable probe becomes inefficient.

When a probe enters into the emergency state (i.e. the
hard threshold is reached (CPv > Th)), it triggers the

o the number of delivered information. At the freezing action if it is set (Enabled). This action freezes
by reduc! ga“ the virtual probes return to the "Not Ready" the current application process, which gives the tool the
same LN, 4 presents the structure of a self adaptable possibility of handling the emergency state. A typical
statgé Figure example of an emergency state is when an application
probe.

: Virtual Probes (VP) of a probe are
Thee((ii lfgzi]eunc:ntially, and it suffices that one VP
S (o the READY state to stop the current test in
e deliver the appropriate information. A virtual
ordgr taoutomalically switches to the warning monitoring
" elarity (Wmg), when its value ((CPv), Current Probe
grzlmu) reaches the warning threshold (i.e. CPv > Tw). It
3 uens (0 the Dmg (Default monitoring granularity), either
ru?ltll;rn its CPv exceeds the hard threshold (CPv > tw), or

process requests more memory than the available virtual
memory on the workstation. The freezing action stops the
process and notifies a load balancing tool. This gives a
chance, just before that the application crashes, to migrate
the process to another workstation where more memory is
available.

Figure 5 gives the algorithm of the granularity test,
which 1s performed by a virtual probe, and specifies if the
virtual probe goes to the READY state or not. It defines



....Q()m :

ompuLel == <Py
& : 9* o STum 2 G {in
136 _SBAC-PAD2000 12" SYRES 2.,
e A i —v\“\‘*-\ ‘ [") f
mg). and probeljinitializatj,n, M 3
: - ' Dmg or w ; r ) 2Llon(f] | :
first the actual monitorng granll!ﬁmaiq(vmﬁcd or nol .th dz,sabigéall 'the freez{n , | ‘t'
following 1 the logical mpr(‘._ﬂ.;‘;\nn? state. The frecZINgE Segtranularinglnltorlng a% “'ac:t‘].
probe cwitches or not {0 the RFJ hled), and if the virtual ] - Cheg 18
action 18 mggcrcd if it 18 Sel (enal c Pv (Old PfObc Atljeach! .m?ni t{_Ori ng'rf'Callr Us
probe exceeds the hard thr.cshnltvp (Virtual probe) takes | exi?‘éggi-}éhe’cal} Juggs i’
value) is used 10 determine iF " when it 18 switching ?‘grf leachl ftgf;igtgjlgrobe’ A7 (
16 consideration the €rror tolerance. qce should or formithalar L obe Ay,
into consider: Dme. The efror tolera B it raarinaty . i0uls (Vb (Cp
hetween a Wmg and 2 & . from the Wmg iflifreezingljactjomrdtyr 'l )
- VP switches . trigaertthare 201 g/ Yt
only be considerec g ite casc Otherwis¢, the J 1d thellthey i f Segry G

’ a OS] ' ' e\ i
' the Dmg, and not in the f)pnlzcc Te old value olus the $ £t hecuz rentoye. ozln?ff
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; h warning moni :

The general algorithm of a probe 1s given below, and 1093'7; alnéa S{orlng;_.gra NUlany:
which is executed at each use of a monitored call. It } s —C&Pression flty&g{,
executes the monitored call, and then tests if a monitor ) 3
information should be delivered. Thus, it tests sequentially . |
each virtual probe until it founds a READY one. If a
virtual probe is in a READY state, the probe get into the }

READY state and then sends the information. If no VP 1S '
in the READY state, the probe stays in the NOT READY — |
Probe definition —

state and no information is delivered. At the same time, 1f
the freezing action is enable, the probe freezes the

application and notifies the tool.
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and r??-\falot of system calls due to its virtual memory
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self adaptable probes.
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Figure 6: SpeedUp Diagram

As the adaptable probes reduce the amount of the
generated  communication  without inducing further

processing since the treatment is simply transferred from
the tool level to the probe level. the performance of the
version of PHOENIX with self adaptable probes is
significantly improved. In the worst case, 1t is similar to
the old version of PHOENIX, which is less than S5%.
Another important advantage of this approach is the
possibility of handling an emergency state, which usually
ends up with a system or application crash.
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