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Abstract Communication induced checkpointing (CIC) is one of the checkpointing techniques to
provide fault tolerance for distributed systems. Independent checkpoints that each distributed process
produces without coordination are likely to be useless. Useless checkpoints, which cannot belong to
any consistent global checkpoint sets, induce nondeterminant rollback. To prevent the useless
checkpoints, CIC forces processes to take additional checkpoints at proper moment. The number of
those forced checkpoints is the main source of failure-free overhead in CIC. In this paper, we present
two new CIC protocols which satisfy 'No Z-Cycle (NZC)' property. The proposed protocols reduce
the number of forced checkpoints compared to the existing protocols with the drawback of the increase
in message delay. Our simulation results with the synthetic data show that the proposed protocols
have lower failure-free overhead than the existing protocols. Additionally, we show that the classical
'index-based checkpointing’ protocols are inefficient in constructing the consistent global cut in
distributed executions.
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init p,

AAAE A4,

Vi, VCli: =0; VCULK: =1; after_send{i]: =FALSE ; last_rcvdi}: =0; U= 0,
route__table []1 %713} ;

procedure take ckpt()

HARE A

last_rcvd)[1: =VC[ ], VCAEL: =VCyi+1;
Vi, after _send)[i]: =FALSE ;

procedure send(m, p;, data): // p7% p;0A datad] WSS WAIA] moll o] B
m.recent_sndy : =k ; m. VClE] : =VC,E];
if m.dest=NULL then

m.dest : =j ; m.content : = data ;

end if

if (p;e {98 Ol ZZAH 2} ) or after_send)jl= TRUE then
m. last_revd : =last_revd [ i1
m& polA ¥l wBdck /) S A WA gk

else
i : =route_ table,L 71 ; m.last_revd - =last_rcvd)l 1] ;
ms polA Bt
after_send,[ j}: = TRUE ;

end if

procedure receive(m, p,) : // p7t p;ERE AR m Bk}
if (p; e {2 ©1% Z2A2)) then
if m.last_rcvd= VC,[ k] then
take_ckpt(); // Aol 221 Z-cycle] FE&HAT

end if
Vi, VCIi]: =max (VCJL i, m. V(D) ;
if m.dest=k then
deliver{m); deliver_ umsg() ;

else
send( m, P g, M.content);
end if
else /) =7 AMAAD B

if VC{jIKm. V(j] then
mE buffer U, B&
else
Vi, VCI[i}: =max(VC,[ 4, m. V(1 :]);
deliver(m) ;
end if
end if

procedure deliver umsg()
Vm e U, , if m. VO m.recent_sndrl=VC m. recent_sndr] then

Vi, VCl i]: =max (VC,[i], m. VA {]);
deliver(m) ;
endif
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@3 F 2. ALZC Z2EE

procedure send(m, p;,, data): // p7F 5,°1A data®] WEE mol| Ho] Bt}
m.content . =data ; m.dest:=j;
m. VAL :=VCJI]; m.alze_rcvd : =—1;
if after_send,[j1= TRUE then
poM Al mE Bt

else
if CMAA oba e @ Aol U then
m.last_ckpd]: =9t BAAEY vl ;
end if
m& CMolA Btk
after__sendi[j] : = TRUE ;
end if

CM : procedure receive(m, p,) : // CMo} p A HAA mg ¥}
if m.last_ ckpf{]#+NULL then
oE&2gA aFEAA po MEE ==& F)3CL
I

m.last_ckpd13tS MEL ==d EFath
end if
5 A 2ZoA p, e A =EZ SEEE FUIG,
m.alze_rcvd 1 =—1;

for all ¢ ({8 Pmaw® BA =ZoA p2 7l FH2) do
if (g7 & 7 ol AAEE 28t ¢UH) then
m.alze_revd 1= VC,, o uy w=lm.dest] ;
end if
end for

ME Dol Al BT

procedure receive(m) : // p7F p7} B HAIA mE W)
if (me] CMoll &J3jA B ozl then
if m.alzc_rcvd= VC,[ k] then
AALRE A

end if
Vi, VCLi: =max(VC ], m. VA il) ;
deliver(m) ; deliver_umsg() ;

else
if VCJ{il<m.V(;] then
m< buffer U9 Y=k
else
Vi, VCJIil: =max (VC[ 1], m. V(i) ;
deliver(m) ;
end if
end if
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