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Autonomous Failure Detectors in Multi-subnet Environments

YUUKI HORITA,! KENJIRO TAURAT and TAKASHI CHIKAYAMA'

This paper presents our failure detectors for supporting to implement reliable distributed
applications. We revise our algorithm described in 29 with respect to adapting to multi-
subnet environments so as to improve speed of creating monitoring relations and accuracy
of failure detection. When we ran our failure detectors on 297-nodes in 3-clusters, in which
the underlying connectivity is partially limited, the monitoring relations were autonomously
constructed within several seconds. We investigated system parameters, such as heartbeat
interval (Thp) and timeout (T%o), by using our implementation, and evaluated their practical

limits.
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0 2 Monitoring Relations in multi-subnets
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/* a connection between p and ¢ is represented as (p, q)

* a subnet that p belongs to is represented as c, */

Sm : a set of the procs. that p monitors within p’s subnet
Sp, @ a set of the procs. that monitor p within p’s subnet
C' : a set of the subnet

N(c) : a set of the procs. belonging to a subnet ¢

W(c) : a set of inter-subnet connections between ¢, and ¢
H,, : a set of the procs. in other subnets that p monitors

Initially :
for ¢ in C :
W(e) = ¢
ifc=cp:
< use basic protocol >
else :
call ensure_connectivity(c)

procedure flood_within_subnet(m, q) :
/* forward m on all conns. within p’s subnet, except to
its source q */
for ¢’ in (Sm U Sk) — {q}
send m to ¢’

procedure add_wconn(p’, ¢’, q) :
/* called when the proc. learns a new inter-subnet conn.
between two procs. p’ and q’ from a proc. q */

W(cg) = Wiey) UL, a)}

call flood_within_subnet(wconn_info(p, p’, q¢'), q) /* no-
tify within this subnet */

procedure ensure_connectivity(c) :
/* called so that at least k conns. to a subnet c will be
established */
/* there may be less than k conns. to a subnet ¢ */
if [W(e)| <k :
pick g randomly from N(c)
send monitor_req(p) to q

Recv monitor_req(q) :
send monitor_ack(p) to q
if cqg =c¢p :
< use basic protocol >
else : /* from another subnet */
H,, = H,, U {q} /* start monitoring this conn. */
call add_wconn(p, g, p)

Recv monitor_ack(q) :

if cg =c¢p :
< use basic protocol >
else :

H, = H, U{q} /* start monitoring this conn. */
call add_wconn(p, ¢, p);

Recv wconn_info(q, p’, q') :
/* notified of a new inter-subnet conn. between p’ and q’
from q */
if (0, ') & Wiey) :
call add_wconn(p’, ¢’, q)

Tt’o has passed since p sent monitor_req(p) to ¢ where
Ccq FCp i
/* p could not connect to q */

call ensure_connectivity(cq)

0 3 Modified Algorithm for creating monitoring relations
(we are omitting the detail of our basic protocol, so
if necessary, refer to 20))
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0 7 Construction Time in 3-clusters (297-nodes)
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