
Distributed Snapshots 1Goals of the lecture� Consistent State� Algorithm� Correctness� Stable PropertiesReference: Chandy and LamportcVijay K. Garg Distributed Systems Spring 96



Distributed Snapshots 2Case of the dubious dollars$400 $300���� ����A Bpicture taken here ($400)Send $100 from A to Bpicture taken here ($400)The total amount becomes $800cVijay K. Garg Distributed Systems Spring 96



Distributed Snapshots 3ProblemTo determine global system stateEach process can record its own state and messages it sendsand receives.No shared clock or memoryAnalogy: group of photographerscVijay K. Garg Distributed Systems Spring 96



Distributed Snapshots 4Model of a Distributed System� Finite set of processes� Finite set of channels ����p
����q --����r @@@@@@@@@I c3����������c4 c1c2

Channel := FIFO, error free, and in�nite bu�ercVijay K. Garg Distributed Systems Spring 96



Distributed Snapshots 5De�nition of a processProcess P = (S; I; E)��������� ? HHHHHHHHjSet of States Initial State Set of EventsAn event can change the state of P and at most one channel.e = h p; s; s0; m; c i���������) ���	 PPPPPPPPPq@@@R?post-stateprocess pre-state channelmessagecVijay K. Garg Distributed Systems Spring 96



Distributed Snapshots 6Global state and global sequencestate(D) = �i state(pi) � �i state(cj):next(s; e) = global state immediately after eseq = (ei : 0 � i � n) is a computation of D i�s0 = initial global statesi+1 = next(si; ei) 0 � i � ncVijay K. Garg Distributed Systems Spring 96



Distributed Snapshots 7Example 1
����q-�����p c1c2p qhh��� recvtqsendtq s0s1 hh��� sendtprecvtp s1s0

cVijay K. Garg Distributed Systems Spring 96



Distributed Snapshots 8Example 1 [Contd.] ����q-�����p c1c2
����s0-�����s1 hihi state(p) = s1

����s0-�����s0 htokenihi state(c1) = htokenistate(c2) = histate(q) = s0cVijay K. Garg Distributed Systems Spring 96



Distributed Snapshots 9Global State Detection AlgorithmSending Rule : For all channels c directed away from p, psends one marker after p records its state and before it sendsfurther messages along c.Receiving Rule : On receiving a marker along c if q hasnot recorded its statethen records its statemarks c as emptyelse state(c) = h seq of messages i received along c after the statewas recorded and before marker is received.cVijay K. Garg Distributed Systems Spring 96



Distributed Snapshots 10Example 2
����q-�����p c1c2p qhh��� recv M 0send M BA hh��� recv Msend M 0 DC

cVijay K. Garg Distributed Systems Spring 96



Distributed Snapshots 11Example 2 [contd.] ����q-�����p hihi CA S0����q-�����p hM ihi CB S1����q-�����p hM ihM 0i DB S2����q-�����p hM ihi DA S3cVijay K. Garg Distributed Systems Spring 96



Distributed Snapshots 12Property of the recorded global stateS� S�S� = snapshot� S� is reachable from S�� S� is reachable from S� ����q-�����p hihM 0i DARecorded global state (S�)cVijay K. Garg Distributed Systems Spring 96



Distributed Snapshots 13Property of the recorded global state [Contd.]

Theorem 1There exists a computation seq0 = (e0i; 0 � i)where1. For all i, where i < � or i � � : e0i = ei, and2. the subsequence (e0i; � � i < �) is a permutation of thesubsequence (ei; � � i < �), and3. for all i where i � � or i � � : S0i = Si, and4. there exists some k; � � k < �, such that S� = S0k.

cVijay K. Garg Distributed Systems Spring 96



Distributed Snapshots 14Colorful description (due to Dijkstra)

� Each machine, atomic action and message is either white orred� S0 ) Snapshot (SS) ) S1white red

cVijay K. Garg Distributed Systems Spring 96



Distributed Snapshots 15Color Assignment
Atomic Action : same color as the machineMessage : same color as the machine that sends itSnapshot state SSS consists of� state when it made the transition from white to red� the sequence of white messages accepted by a red machine

cVijay K. Garg Distributed Systems Spring 96



Distributed Snapshots 16Proof
cVijay K. Garg Distributed Systems Spring 96



Distributed Snapshots 17Summary
� Beautiful paperBeautiful algorithm� Example of generalization of a problem
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