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Abstract: Failure detection provides the ability of timely detecting the liveliness of runtime systems and is the
basic reliability technology in distributed systems. Providing good failure detection is important to Web application
server (WAS) that is the leading middleware in Web computing environment. Adaptive failure detection requires
that failure detectors can dynamically adjust the detecting quality according to the requirements of applications and
runtime environments. In this paper, the concepts and qualities of failure detectors are firstly discussed, and a
multi-level model of failure detection in WAS is presented. Based on the QoS (quality of service) specification of
failure detectors, an algorithm for adaptive failure detection is given, and an adaptive failure detection framework of
WAS is designed, which can satisfy the requirements of dynamically adjusting qualities and flexible integration of
failure detectors. The work has been implemented in OnceAS application server, and the experimental results are
given in the end.
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2 WAS
WAS : (container);
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Fig.2 Multi layer failure detector architecture
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31 FD QoS
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Fig.3 QoS specification of FD ’ i
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3 FD QoS
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Module FD;
Input: FD_QoSSpecification;
Output: Failed;
BEGIN

(1) Initialization:
Suspect — & ; Failed— & ;
For every parameter and policy in FD_QoSSpecification;
{Initialize the values, including Tp, T}, Tw, Dd, RN, TIMEOUT, etc;}

(2) Detect:
at every T, send/receive detecting message my for pe 2}
t, — p's response time of my;
IF (policy isNOT_WAIT AND t,>TIMEOUT)

execute UD_transition, Failed= Failed {p};
IF (policy is NEED_WAIT AND t, > TIMEOUT)
{ execute US_transition, Suspect=Suspect {p};

IF (t,>Tw) execute SD_transition, Suspect=Suspect—{ p}, Failed= Failed {p};
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EL SE execute SU_transition, Suspect = Suspect—{p};

}
IF (policy isNEED_BACKUP)

backup Failed to P,(p) and replicas of p;
calculate the value of QoS parameters such as Ty and Tug;
execute probe;
execute negotiation;
(3) Probe:
systemstatus — get runtime system information of WAS;
(4) Negotiation:
get RuntimeQoSSpecification from requests at runtime;
NEW_FD_QoSSpecification — RuntimeQoSSpecificationn FD_QoSSpecification;
A~ ComputeMargin(NEW_FD_QoSSpecification, systemstatus); /A is the set of QoS margins
For every parameter param; in FD_QoSSpecification
{ param; — param+ 4;;} //4;isthe margin of param

END.
detect 3 FDQS T, , (
SUSPECTED q ), , Failed
(O(Dd+RN) ); (probe) ,
(negotiation) . probe ( )
systemstatus. FDQS(NEW_FD_QoSSpecification)  systemstatus,
ComputeMargin QoS 4, QoS QoS ;
QoS . , , FDQS Policy
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Fig.4 A framework of adaptive failure detection
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Fig.5 Structure of FDPI
5 FDPI
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Tablel The Components of FDPI
1 FDPI
Component Responsibility

FDManager The abstract class of the FDManager component

FDFactory Generating specific instance of FD

FDNotification The interface of FDNotification

FDNotificationListener The interface of listeners of FDNotification

FDService The service interface of FD

FDProbe The abstract class of the Probe component

FailureDetector The interface for implementations of FD
FDConfigurator The interface for configurations of FD
The interface of metadata of FDQS. FDQoSSpecificationMetadatalmpl is
FDQoSMetadata the implementation at FD provider side
4
OnceAS
FD SimpleAdaptive ,
SimpleAdaptive FD » P , Tr(
, WAS S ). , ,FD
\ Tr
Initialization:
set Tr, Tmax, Tmin, Tr, K from FDQS;
initialize Tr;
/* Tr' istheinterval between FD’s receiving heartbeat message;
K is a constant which means the number of the most recent arriving messages */
Negotiation:
Tr' ~ thevaluereturned by probe
Avg(Tr) = [i-rr ] IK; Il average value of Tr'
i=1
IF (Avg(Tr) >Tmax) Tr =Tmax;
IF (Avg(Tr)<Tmin) Tr =Tmin;
Tr= Avg(Tr).
5 PC , N
WAS WAS “ ",
Probe Taelay, . )
, JWAS 90s~110s , Tr=10s.
X (D) SimpleAdaptive (2
Tr 10s; , T ( K=10), , Tr
10s.
; Tw . , 10
7 , ,  6(a) 7(a) WAS FD
,  6(b) 7(b) Togay Tr
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Fig.7 Results of one test of non-adaptive case
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Table2 Experimental results of metrics of failure detection
2
Case Tw () Average errors A (%) Average detection time (s)
. 3 10 1.38 13.98
Adaptive 2 18 23 13.67
. 3 41 6.66 10.21
Non-Adaptive 2 90 10.81 7.02
, , Tw 3s 2s ,
1.37 1.95 , ,
, WAS , FD , Am
To
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