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Abstract

Clupeat shised-iedtory Bitipuoccssoes e ,,nheﬂcnl] Iy vulnerabls
Lo Tolts: any wigrificant handware or wystem soflwsre ult soscs
(e il eystin 10 Fl, Unkes povicions e mack. 19 Tk the
impact of trults, users will pereeive a deerease in roTability when
they enizust their apphizations to trger machines. This paper
shores (at Falt contaiument techuigues can be effectively applied.
to scalable shwed-memory mulliprocessors G0 meduce the
selizhilicy problems ereatcd by incieased machine size

The mrimary goal of our approach is [0 leave norma-tols
pertormance unatE Rathe than using cxpensive faolt
(olerance technigues Lo mask the elfects of dala and resource loss,
our shratepy is b‘uu.l ol
4 puntion af the machi
sisuiburcd rocovery algorithe, chat allows normal aperacion to be
estaed in e funtionizg purts of the machine.

e appuoach is implemensed G tho Sianfor
rul iprcessir, Using o detsilel hardware. semulator, we save
pecformed 4 murber of Gl jevtivn expecimeats on'o TLASH
synbem sunning Hive, s upecaling system designed fo suppon
il eamtainment. The results s report validhi ur npprach add
shows dhal in conjunction with sn operaling system Exe Tive. we
<an improve the celisbility scen by unmodified apslications
wilhout subsiantial periormance sl Simulation result, sggest
that our algorithis scale well For sysiers up 10 128 processors.

1 Intreduction

Sealsble shared-memory multiprocessors are becoming w0
fnereasingly commun compuling platform. Sevemi eumpanies
including HP-Convex [20F, Sequenc [11], wnd Silicon Graphies
[10), e shegping mulliprogsssor systems with configusations of
ap 02 ew humdred prusensing nodes

Howsver, st shrskmems 3 an
ety vulneesble o s any sigs e e o sytem
software fouls will emse the shore sustem to il Unless

presions aie made to Mot the impact of fauls, wsers will
pewcive A deercase 1 reliability when they cntrist Hheir
wplmmm 1o larger smachines, This is a0 impertacs poblem for
bilily of lurgescale shaed-memory mubiprovessons as
e -purose comy
nt i a reliahility lechnique widely wsed in
which the effewts of a fault are Jiited to 2

Faalr comainme
suibuted sysicns

P \hakd copy of part or ol this work for
e e granied whhout fes provided that
nat made or distributed for profit or cemmercial advan-
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riission to make dig;

4250

small_portion of a systens [L5). Tn 2 computing sysiem thar
provides fouil conlsinment, the chance et fumrc for 3 task
depends only an the amannt of resonces thal the Lk uses, nol un
the size of L enling systcm,

When tuning on a uge-scale shased- memory multiprocessor.
epplications of small W moderae s7e will henche from the
increased reliability oftersd by fault containment. Since thess
applications ouly require o limited amosnt of resources. they will
be protected from failurcs that cocue in the pasts of the machine
they dn not wsc. Frult containmen: cen also provide be:
large: paallel spplications that nse o subsianrial i
wachine, if these applications are struclured lo cope
af some af their esources:

Several ehallenging issues adise when oue lies (o iplement
fault cumtginment on & shared-memary machine,

coupling provided by shared memory allows fhe effects of
oedwars Faults to spre 1 audl 10 were mdes U in
iraditiomsl diseibuted sysiem. In addition, many of the fault
containzent techniues used in distihuted sysien (uch us
pcor asisteacy ehecks on ] fenining messages) Kppsar
ta b prolibisively expensive given the low luzney rogmiremonts
of a high-performanee memiry system

This paper describos one method for implenwuting favk
conlainment in @ scalable shated-memery mulaprocessa withoul
substamtially reducing its performance o1 ineteasing its cost.
Rether thun refying om expensive techniques thot mask the cffets
of ata 10ss, wul 3pproach (s hased on limiting, the impact of fzults
and eunnisy & distsbuted aleurithen (o being the machine back
an aperatienal stolc after a Frilure. We have 3ddod support fo the
TLAST mallipecessu [719] 1w e the elMecly of Tnes.
Tardware and syscen: solisware Faulis. Using the SimOS stimilation
enviipiment |19, we have validated ou 'Appmm.h by pefoing
2 b of Foul: injection experizents un o ds
the machine,

Achicving  filt  confuinment harcd-memory
wltiprecessor requises cazefil desian of both it hadware and its
speraiing sysiezm. Current mukiprccssar aperating sysiems ar
e T e e
such as the Caflore of a processor ot a memory hoerd. This issue
Tias heen addressed m our previous ok on he e aperating
system |43 18] taae was doveloped in comjunction with the FIASH
niuliprcesser, This paper focuses on the hardwate and fImware
support requiced for an opeiating system such as Hive thar
provides fauit coneinmest, The experimental results repomed in.
the paper shov: thet, in conjunction wirh Hive, oor implementation.
offers fowlt_contaiunent bonelifs Lo vamodificd applications.
rurming un TLASTL
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