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ent ser ices ha e recei e increase attention as scala le
tools for the composition of large scale, istri ute systems,ase i ence
y their successful eployment in interacti e multime ia applications an
scienti c colla orati e tools This paper intro uces Cho, a ernel
ase e entser ice aime at supporting the coor ination among multiple
ernel ser ices in istri ute systems, typically to pro i e applications
using these ser ices ith certain le els of wuality of er ice o  The
pu lish su scri e communication supporte y Cho permits compo
nents of remote ernels as ell as applications to coor inate their opera
tion The target group of such a ernel ase e ent ser ice is the rapi ly
increasing num er of e tensions that are eing a e to e isting oper
ating systems an are inten e to support the wuality of er ice an
real time re uirements of istri ute an em e e applications

he need to o er

high or redictablele elso er or ance,es eciall in distributed and e bedded
s ste s, has resulted in the ernelle eli le entation o certain a lications
and ser ices E a les include the in ernel web ser ers htt d and tu on
inu , ernelle el oS anage ent and resource anage ent echanis s
and load balancing algorith s o attain desired gains in redictable er or
ance, distributed ernel le el e tensions ust coordinate their o eration or
e a le, orload balancing, ulti le achinesin a web ser er cluster ust not
onl e change in or ation about their res ecti e CP and de ice loads eg,
dis s, but wust also be able to orward re uests to each other without un
due in ol e ent o clients and orwarding engines Si ilarl , to ensure the
ti el e ecutiono i elined sensor or dis la rocessinga licationsine bed
ded s ste s, hosts wust not onl share detailed in or ation on their res ecti e
CP schedules and the o eration o the co  unication lin s the share |
, but the  ust also coordinate the wa s in which the allocate resources to

i elined tas s inall , the run ti e coordination a ong ernel le el ser ices
illustrated abo eis highl d na ic,in ol ingonl those ernelser icesand a
chines that currentl conduct a shared a lication le el tas n addition, the



e tent o such coo eration strongl de ends on the a lication le el ualit cri
teria being sought, ranging ro si 1 better er or ance tostrong ro erties
li e deadline guarantees

his a er resents KECho, a
ernel le el ublish subscribe echanis or run ti e coordination a ong dis
tributed ernel ser ices sing KECho, an nu ber o ernel le el ser ices on
ulti le hosts can d na icall oin and lea e a grou o inor ation sharing,
coo erating hosts sing KECho, ser ices can e change resource in or ation,
share resources e g, iare uest orwarding , and coordinate their o eration to
eet desired oS guarantees KECho uses anon ous e ent based noti cation
and data e change, thereb contrasting it to lower le el echanis sli e ernel
to ernel soc et co  unications, PC , or the PCli e acti e essaging
de elo ed in re ious wor urther ore, co ared to ob ect based ernel
interactions or to the wa in which distributed C , C ,or Ja a
ob ects interact at the user le el ,KEChos odelo co unication ro
idesi ro ed e ibilit , since its use 0 anon ous e ent noti cation er its
ser ices to interact without e licit nowledge o each others identities

he ernel le el ublish subscribe echanis sharesse erali or
tant attributes with its user le el counter arts irst, KEChoe ents a be used
tonoti interested subscribers o internal changes o s ste state or o e ternal
changes ca tured b thes ste Second, it a beusedtoi le ent ernel
le el coordination a ong distributed ser ices, erha se entoco le ent the
a lication le el coordinationi le ented with user le el e ent noti cation ar
chitectures lications constructed with e ent based architectures in
clude eer to eer a lications li e distributed irtual en iron ents, collabo
rati e tools, wulti la er ga es, and certain real ti e control s ste s  hird,
KECho s unctionalit isin art identical to that o nown user le ele ent s s
te s, which eans that we describe it using interchangeable ter sli e

, , and urther,
KECho s e ent ser ices aithull i le ent the wublish subscribe aradig |,
where e ents are sent b  ublishers or directl to all subscribers or
Channel e bers are anon ous, whichi lies that e bers are reed

ro the necessit to about d na icall oining and lea ing e bers

KEChoisi le ented as an e tension to the inu o eratings ste using
ernel loadable odules and o ers a lightweight high er or ancee ent ser ice
that allows inu ernel le el ser ices which could the sel es be e tensions
to coordinate their actions he intent is to ensure that distributed a lications
achie e high redictable er or ance and good s ste utili ation using the
resulting distributed ernel ser ices, distributed a lications cani ro e their
use o shared underl ing achine resourcesli e rocessing ower and dis s ace,
without ha ing to e licitl interact at the a lication le el lication le el
counter arts to such unctionalit t icall re uire additional ernel calls and
inter achine co  unications, and the a e enre uire thei le entation
o e tensions to e isting user ernel inter aces, so that a lications can gather
the resource in or ation the need ro their res ecti e o erating s ste er



nels n contrast, the ernel le el solutions to distributed resource anage ent
enabled b KECho can access an ernel or networ ser ice and an ernel data
structures without restrictions, which is articularl i ortant or ne grained
resource onitoring or control inall , KECho can also be used directl b a

lications, thereb  er itting the to directl interact with their distributed
co onents

KECho is an in ernel e ent based grou co  unication

echanis that su orts the anon ous and as nchronous coo eration o dis
tributed ernel based ser ices and user le el a lications KECho i achie es
high e ent res onsi eness b using a ernel e tension that onitors soc et ac
ti it and ii reduces rocessing and networ ing o erhead b  ltering e ents
based on in or ation su lied b the e ent ublisher and b all e ent sin s

he ad antageso the KECho ernel based co  unication tool aree lained b

eans o two e tensions to the inu ernels unctionalit i ano el resource

anage ents ste and ii a load balancing echanis or cluster based web
ser ices

E ent noti cation s ste s ha e been used in a lications including irtual en

iron ents, scienti ¢ co uting, and real ti e control Co ared to user le el
i le entations o e ent ser ices, the ad antageso a ernelle eli le enta
tion include

each call to a user le el unction o thee ents ste eg,re
siding in staticall or d na icall lin ed libraries associated with the a li
cation can internall result in a highnu bero s ste calls hese calls can
bloc , thereb dela ingana lication and causing un redictable a lication
beha ior using a ernel based ser ice, we can signi cantl reduce both
thenu bero s ste callsusedinitsi le entation and thee ectson re
dictabilit o itse ecution wurther ore,i thea licationco onents using
e ent ser ices arei le ented entirel within the ernel, then no s ste
calls are re uired at all, and eror anceisi ro ed urtherb ini ied
bloc ing dela s within the ernel S eci call ,a ernel thread waiting or an
e ent can bein o edi  ediatel a ter the e ent occurs, while a user le el
a lication a su er urther dela sb waiting in the CP  scheduler s run
ueue orati e eriod de endent on its scheduling riorit and the current
s ste load
an increasing nu ber o ser icesis beingi le ented inside
0 an o erating s ste s ernel, ainl or eror ance reasons nl a
direct, ernel to ernel connection o such ser ices without the additional
o erheads o user ernel crossings allows or ne grained and direct co u
nication and coordination a ongre ote ernel ser ices
t ical user ernel inter aces restrict the nu ber
and t e o ernel resources that can be accessed Kernel basedi le en
tations ha e no restrictions regarding the access to such resources, that is,



resources and ernel data structures e g ,tas structures, lestructures can
be accessed and used directl his allows ernel solutionsto a e s arter
decisions co  ared to user le el solutions

he goal o a ernel based e ent ser ice is to su ort the coordination and
co unication a ong distributed o erating s ste ser ices
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ent channels in Cho

igure  shows the architecture o KECho, using which both ernel and
user le el S ser ices and user le el a lications can d na icall create and
o0 en e ent channels, subscribe to these channels as ublishers and subscribers,
and then sub it and recei e e ents Ithough the e ent channel in igure is
de icted as a logicall centrali ed ele ent, it is a distributed entit in ractice,
where channel e bers are connected ia direct co  unicationlin s he chan
nel creator has a ro inent role in these co  unications onl in that it ser es
as the contact oint or an one wishing to oin or lea eagrou n nu bero
ernel ser ices can subscribe to an e ent channel, and e ents can be t ed, the
latter eaning that onl e ents that t a certain descri tion will be orwarded
to subscribers

hei le entation o KECho is based on its user le el counter art, called
, the libraries o which ha e been orted tosi ernel loadable odules

or inu , each with a certain tas

the aininter aceto ernelser ices or channel anage ent
and e ent sub ission handling

a richer inter ace to user le el a lications that i le ents
a lightweight ersion o s ste calls and shared e or seg ents n addi
tion, this odule can in uence CP scheduling decisionsto a i iee ent
res onsi eness



a user le el , running on a ublici ed
host, ser es as channel registr , where channel creators store their contact
in or ation and channel subscribers can retrie e thisin or ation his od
ule su orts the co  unication a ong subscribers and the grou ser er

this odule is res onsible or the
connection anage ent, including creating and o erating the connections
between re ote and local channel e bers t currentl su orts CP con
nections as well as a reliable ersion o P to which we are lanning to
add real ti eco unication ro erties
this odulei le ents attributes, which are na e
alue airs with which er or anceor oSinor ation a be igg bac ed
onto e ents
this odule onitors soc et ac
ti it and noti es the C odule 0 newl arri ed dataat an o thesoc ets
associated with an e ent channel

he lowest odule in the KECho odule stac , the networ  onitoring odule
, allows KECho to register in certain soc ets S eci call ,

KECho registers interest in all soc ets associated to e ent channels
then will be noti ed b the networ interru t handler once data arri es at one o
these soc ets n return, this odule then noti es the C odule o this e ent
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ent eli eryin  Cho

sane a le, a subscriber waits or a new e ent ste in igure b
slee ing or bloc ing cti it o a soc et related to an e ent channel ste

ro ts the networ  onitoring odule to send a call to the C
odule ste C then reads the data ro the soc et ste and identi es
and noti es ste the thread owning this soc et inall , the thread can now

co therecei ed data ro the C odule ste and act u on this e ent



hile C awa ens and noti es waiting threads about the arri al o e ents,

it can also e ent res onsi eness b increasing the CP  scheduling

riorit o the rocessrecei ingane ent hisis art o the ECalls odule and
is described in  ore detail in two other a ers

ost e ent s ste s o er the ossibilit toli it the nu ber o e ents recei ed
through ilters can be laced at either the e ent sin or the e ent
source and can signi cantl reduce e ent rocessing and networ o erheads
he ost basic lters ensure that e ents are deli ered onl i the areo certain
ical e ent s ste s allow those lters to base their decisions onl on a
er connection basis, where a lter a es its decision without considering the
o erall channel condition n addition to e ent Ilters, KECho o ers so called
, which can be d na icall inserted b the e ent source and
can decide on a er channel basis which sin s will recei e an e ent, that
is, ltering decisions are based on in or ation collected ro the ublishers and
subscribers iase aratee ent channelsor iaattributes igg bac ed ontoe ents
sane a leconsider the tas o load balancing ere, aser icere uest ro a
achine in a web ser er cluster is orwarded to an e ent channeli the local ser er
is not able to ser ice thisre uest ltering unction can collect load in or ation
ro all other ser ers and then decide which other ser er will recei e the e ent
carr ingthe orwardedre uest lternati el ,i loadin or ation is outdated and
re uests are ide  otent, then the ualit o load balancing can bei ro edb
si ultaneousl orwarding the re uest to ser ers, where is chosen b the
e ent source on deli er o the e ent to the best ser ers e g, the ser ers
with the lightest loads and co leted e ent handling, du licate res onses can
be discarded b the load balancing echanis nthise a le, the e ent source
su lies the nu ber o desired reci ients o a orwarded re uest and all e ent
sin ssu | their current load in or ation
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lter can also be a lied to inco ing e ents, in which case it is si 1
in 0 ed once each ti e an e ent arri es at the channel or e a le, such a
lter can decide based on in or ation ro the e ent source and ro allsin s
to which sin s the e ent will be dis atched n the load balancing e a le
entioned abo e, this ind o lter could a e sure that the res onse to a
re uest is being returned to onl the one sin that issued the original re uest,
or it could bloc  ulti le res onses to the sa e re uest ernel ser ice can
register two lter unctions with an e ent channel, an lter and an
lter igure n lter isin o ed each ti e an e ent is being recei ed b
KECho he lter is able to in estigate the e ent be ore it is being dis atched
to the e ent sin s n the other hand, an lter is being in o ed each ti e
an e ent is being sub itted b a local e ent source gain, the lter ins ects
the e ent and can decide which re ote sin s will ulti atel recei e the e ent

lications rel on the a ailabilit o certain in order to er

or their tas s successull S ste resources can include rocessing ower,
networ bandwidth, dis bandwidth, , and in ut out ut de ices such as
ca erasor rinters esource anage ents ste s ha e the tas to al
low a lications to disco er, allocate, and onitor such distributed resources
his tas is ade di cult b i the d na ic beha ior o resources ie, re
sources can oin and lea e at an ti e, ii thed na ic arri al and de arture
o a lication co onents re uiring resources e g, through rocess igration ,
and iii runti e ariations in the current resources re uired b an a lication

Kernel | Kernel Il Kernel lll
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esource management ith Cho

igure shows how KECho connects resource anagers to acilitate the tas

o locating and ac uiring resources or a lications Kernels and ha e res
resources that are shared with other hosts, e g, CP , dis , and networ re
sources s an alternati e, a ernel could ha e onl one resource anager, which
assu esthetas o anaging all a ailable resources at a host, as shown in ernel



n both cases, resource anagers can orward re uests or resource alloca
tions ro a lications to other, re ote resource anagers b sub itting an
e ent are oteresource anager can ul 1l the re uest, it res onds accord
ingl to the anager that orwarded the original re uest  there are se eral

ositi e res onses, a resource anager can use certain criteria e g, res onse
ti es, location o the resource to decide which res onse to acce t or discard
esource anagers can d na icall oin or lea e resource sharing grou s, b
oining a grou it a esits resources ublicl a ailable to all other e bers in
the grou owe er, all anagers are unaware o the nu ber or the location o
other grou e bers and resource re uests are sub itted and acce ted denied
ia e ents

oad balancers in web ser er clusters ha e the tas to orward re uests
that can not be handled locall to other ser ers in the cluster igure shows
the architecture o a si le load balancing echanis or a web ser er cluster
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oa alancing ith Cho

hen using KECho toi le ent load balancing, each ser er in the cluster
subscribes to the shared , which is used to orward re uests to
other ser ersi the load on the host is too high to success ull handle a re uest
urther, ser ers send res onses to such re uestsin or o e entso erthesa e
e ent channel 1l ser ers also register two lters, which aresu lied b the load
balancing echanis in the ernel i an lter, which interce ts ser ice
re uests and decides which re ote ser er s will recei e a orwarded re uest, and
ii an lter, which discards wulti le res onses ro di erent ser ersi the
re uest has been orwarded to ore than oneser er he load balancing decision
is based on e changed between all ser ers ia a se arate e ent
channel, called n addition, the ser er orwarding a re uest
deter ines how an re ote ser ers will recei e this re uest hiscani ro e



the ser er utili atione en orei theload in or ation is not u dated re uentl
enough, that is, the ser ers with the lowest utili ation recei e a re uest and

onl the rst res onse ro these ser ers will be used, all other res onses are
discarded

he ollowing icrobench ar sha ebeen er or edon adual Pentiu with

, G , running inu he intent is to in estigate the

o erheads associated with e ent sub ission and deli er , channel anage ent,
and ltering

he rst easure entco aresthee entsub issiono erheadso the user le el
i le entation o e ent channels ECho , the ernel le el e ent channels used
b auserle ela lication KECho ,and the ernel le el e ent channels used
b a ernel thread KECho K

Event Submission (100b) Event Submission (1Kb)
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Number of Sinks Number of Sinks
ent su mission o erhea s for atasi es of 00 ytes an yte

he gra hs in igure co are the e ent sub ission o erheads o these
three scenarios or b and Kb te, where the o erheads o ECho and KECho
di eronl ini all hiscanbee lainedb the act that ECho uses onl
two s ste calls ersin or the sub ission o an e ent, where KECho re uires
also two s ste calls, but that nu ber isinde endent ro thenu bero sin s



erhea s an num er of system calls

E ent sub issions with KECho K show u to or b and u to
or Kb less o erhead co ared to ECho
able co aresthe eror ance o so e o the unctionalit o KECho
KECho KECho K withthe eror anceo theuserle eli le entation
ECho Channel creation re uires sin ECho, co ared to s in KECho
and sin KECho K he large di erence between ernel le el and user
le el a roach can bee lained b the nu ber o s ste calls re uired or the
creation o a channel in ECho, whichis , co ared to in KECho he
o ening o a channel de ends on the current nu ber o subscribers, the networ
trans ission dela s and other actors, howe er,t ical alues or this o eration
are a ro i atel s in all three cases E ent sub ission ta es about s
er e ent subscriber or ECho, co ared to s and s or KECho and
KECho ,res ecti el nECho,theo erhead or olling or new e ents is s
s ste calls co ared to s s ste calls in KECho he reason
or this increase are so e ine ciencies in the i le entation which will be
addressed in our uture wor  owe er, the o erhead ore ent olling in KECho
K decreases to onl s ote that whilet icala lications using ECho ha e
to eriodicall oll or new e ents, KECho is able tonoti  ernel threads al ost
i ediatel o the arri al 0 a new e ent his abilit is in estigated in the
ollowing section

E ents in KECho are ushed ro e ent sources to e ent sin s  he networ
onitoring odule o KECho is able toi  ediatel noti a waiting thread o
the arri al o such an e ent ical latencies easured ro the arri al o an
e ent at a soc et to the in ocation o a handler unction are in the range o
s n the case o ECho and KECho , these latencies de end hea il
on the olling re uenc , the s ste s load, and the scheduling riorit o the
a lication recei ing the e ent owe er, ECalls abilit to the scheduling
riorit o an a lication that recei es a newl arri ed e ent can signi cantl
reduce these latencies his coo eration between ECalls and the CP  scheduler
is described in detail in

he ollowing easure ents ha e been eror ed on a cluster o
Pentiu  Pros, with , connected ia b s Ethernet, running
inu



he ltering unctions and lter ser e to reduce rocessing and
networ o erhead de ending on a lication s eci c attributes, su lied b the
e ent roducer and the e ent subscribers
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iltering of e ents can re uce e ent su mission an e ent han ling o erhea s
a, hile the Iltering o erhea is only in the microsecon range

helet gra hin igure co ares the ad antages o e ent ltering with
and lters  he le t bars show the e ent handling o erhead or a host
with sin s,ie,aninco inge ent is dis atched to all sin sand the o erhead
isa roi atel s e ent handling in thise a le eans co ing o the
inco inge entintoabu erand rintingati esta intoa le hiso erhead
can be reduced signi cantl when we use an lter to bloc the e ent ro
being dis atched to all sin s, eg, i onl one sin recei es the e ent, the
o erhead is reduced to s  the lter bloc sthee ent co letel 1ie, the
e ent is discarded , the o erhead is a little ore than s he right bars
in the sa e gra h co areasi ilar scenario, howe er, the o erhead shown in
the gra h is the o erhead associated with e ent sub ission, when the nu ber
o re otesin s is he o erhead in thise a leis s owe er, when an
lter is being used to bloc the sub ission o the e ent to so e ser ers,
this o erhead can be reduced, e g ,i the e ent is sub itted to onl onesin ,the

o erhead is s  the e ent is discarded ie, nosin will recei e the e ent ,
the o erhead is s he second gra h in igure co ares the o erhead o
the and lters that ha e been used or the results in the le t gra h

oth the Iter and the lter use anu ber o si lei else state ents

to decide i an e ent has to be sub itted dis atched to a certain sin or not
he o erheads are inde endent o the nu ber o e ents sub itted or bloc ed



and are er low in the e a le shown here, eg, a ro i atel s or the
lter and s or the lter

n this section we in estigate the load balancing echanis introduced in Sec
tion in oredetail easure entsha ebeen er or edon aclustero nodes,
acting as a web ser er cluster eb ser ersrecei ere uests at rates ranging ro

to  re uests er second Each re uest re uires a si ulated web ser er to
eror rocessing ora ro i atel s he rst gra hin igure shows
the res onseti es in illiseconds without an load balancing co ared to the
scenario where load balancing is being used e uests in thise eri ent ha ea
ti eout o s,leading to the le elingo at so the rstlinein the gra h,ie,
re uests are either being handled within s a ter re uest recei t or discarded
otherwise n the second scenario, we odi the ser er such that re uests that
ha e been waiting or orethan s are being orwarded to other ser ers in the
cluster n these e eri ents, we assu e that there is at least one ser er in the
cluster with utili ation less than

Response Times Load Balancing Overhead (8 nodes)
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a  esponse times for a simulate e ser er cluster an o erhea s of the
loa alancing mechanism use in this e periment

he second line in the gra h w load balancing local re uests shows the

res onseti eso all re uests which are handled on the local node histi e, the
res onse ti esle el o at at re uest rateso a ro i atel er second
he third line shows the res onse ti e o the re uests being handled on re ote
ser ers, which is slightl higher than the ti es easured at the local ser er due
to the o erhead o two e ents being sub itted and recei ed orwarded re uest



and re uest res onse  he second gra hin igure anal esthe o erhead or
the load balancing echanis , which a es sure that onl one other ser er
de endent on load in or ation collected ro these ser ers will recei e the
orwarded re uest hegra hco arestheo erhead o three actions eror ed
b the load balancing echanis i the onitoringo CP utili ation and the
sub issiono e entscarr ingthisin or ation, ii the handlingo inco ing CP

inor ation ro other ser ers in the cluster, and iii the ltering necessar
to ensure the deli er o the orwarded re uest to the ser er with the lowest
utili ation he gra h shows that all these o erheads ar onl ini all with
the nu ber o re uests, where the tas o e ent handling is the oste ensi e

a roi atel o the total load balancing o erhead
he nal e eri ent in estigates the ad antage o e ent ltering in ore
detail he lter introduced abo e orwardsre ueststo the ser ers with low

load to ensure s all res onseti es owe er,the re uenc o load in or ation
e changea ongthenodesin aser er cluster has an ob iousin uence on the load
balancing wualit ,ie,i load in or ation is not e changed re uentl enough,
the orwarding decision can be based on outdated in or ation, which reduces
the e ecti eness o load balancing
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Comparison of up ate fre uency of loa information a an for ar ing of
e ents to more than ser er in the cluster

helet gra hin igure co arestheo erhead o load balancing de endent

on the re uenc o load in or ation e ents he o erheadis ainl due to the
e ent handling rocess, ollowed b the load onitoring and e ent sub ission
rocess S aller o erheads are caused b the actual orwarding o the re uests

and the ltering unctions he o erhead increases ra idl with the nu ber o
e entse changed ersecond,eg, orethan switha re uenc o e ents er



second heright gra hin igure co aresthea roach, wherethe re uenc
o load e entsis e t constantl at  er second, howe er,the lter orwards the
re uesttou to di erent ser ers n other words, ulti leser ersin the cluster
res ond to the e ent and onl the rst res onse is being used b the ser er that
issued the e ent carr ing the orwarded re uest gain, the e ent handling and
the load onitoring and e ent sub ission contribute ost to the o erheads,
howe er, the o erhead increases onl  ini all with the nu ber o e ent sin s

he biggest increase in o erhead is caused b the lter, which has the tas
o discarding du licate res onses his e eri ent ignores the increased total
utili ation in the whole cluster due to the re uest handling b ulti le ser ers

s an alternati e to the solution suggested abo e, a ser er could issue a

to all other ser ers,that a essurethat onl oneser er handles a re uest

se eral ser ers issue a cancel e ent, ati esta  orso e other criterion can
decide which ser er wins his a roach reduces the unnecessar  rocessing on
the ser ers, howe er it increases the e ent co  unication b u to cancel
e ents er orwarded re uest

he need or globall anagings ste ser icesise e li edb re ious wor
on distributed resource anage ent, on load balancing, and 0S echanis s

his a er addresses d na ic ser ice anage ent b ro iding a no el a
cilit or inter ser ice coo eration in distributed s ste s KECho is a ernel
based ublish subscribeco  unication tool that su ortsanon ousandas n
chronous grou co  unication KEChos ain co onents are its lightweight
inter ace to user le el ser icereali ations, a networ  onitor that ini i es the
latenc o e ent deli er , and channel lters that allow ernel ser ices and a

lications to interce t e ent sub issions with the goal o  ini i ing networ
tra cand o ti iings ste er or ance

ur uture wor will in estigate the two e a les introduced in this a er

in ore de th and anal e their er or ance co ared to user le el solutions

urther, we will e tend KECho to su ort real ti e e ents, thereb addressing
the substantial set o a lications re uiring real ti e guarantees n addition,
we will de lo KECho in the e bedded, wireless s ste do ains or which its
abilit to access and use ower, load, and networ in or ation is critical to the
success o this class o ubi uitous a lications inall , while rotection issues
ha e been ignored to this oint, we are alread in estigatingandi le enting

rotection echanis s that will ensure the ro er s ste o eration in ace o

isbeha ing ernel e tensions
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