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Theo retical W ork

2 Lin/Lazo wska mo del
{ assumption: rollback behaviour not af-
fected by frequency of checkp ointing

Empirical W ork

2 Preiss et al. [PADS '92]

{ examine time/space trade-o®s

2 Bellenot et al. [PADS '92]

{ examine the interaction between satu-
ration and the checkp oint frequency
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This Paper

2 extends Lin/Lazo wska model to include
e®ect of checkp oint interval on rollback
behaviour

2 describ es relationship between CPI, roll-
back behaviour, and associated overhead

2 gives a checkp oint interval selection al-
gorithm which for the benchma rk tested
quickly converges to the optimal CPI
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Intro duction
2 Rollback overhead comp rised of 2 comp o-
nents
{ state saving (checkp ointing)

{ state resto ration

2 Ways to reduce the overhead

{ accelerate state saving (resto ration) pro-
cess

{ reduce the numb er of state saving op-
erations
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Rollback with Infrequent  Checkp ointing

last checkp ointed next event before
event P straggler rollback
rollback

coast forward

L —

normal forward
T, T2 execution T3

2 an event is checkp ointed if it is (atomi-
cally) follo wed by a state saving op eration

2 when not every event is checkp ointed coast-
ing forward is done to restore the missing
pro cess states

2 coasting forward

{ part of rollback overhead



2 CPIl selection Is a trade-o®
{ total cost of checkp ointing
{ amount of re-execution in coasting for-
ward
2 develop a model to estimate rollback over-
head

{ overhead for state saving

{ overhead for state resto ration



The ith Computation  Cycle

oo RAj === :
Yo o — . [
A normal forward execution !
| ST Tmmmmmmmmmees ) |
' coast ! A , Y. 0Q ___ .0
 forward | | . A i
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coast forward rollback |
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2 period between two consecutive rollbacks

2 jth cycle (where A is checkp oint interval)
{ °A; events In coast forward
{ ®a:; events in normal forward execution

{ Aj events undone because of rollback



Derivation of T otal Overhead

2 length (in events) of the it" computation
cycle

2 rollback overhead of the ith cycle

o 5. $ %
XA"I ®A;i + OA;i

¢ A= it s
j=1

{ +s Is the overhead of saving a state

{ % is the execution time of ! event in
the ith cycle

2 total overhead
(kA is the numb er of rollbacks)



Evaluating the Equation

2 the problems:

{ don't know the distribution of ®4;
(events in normal forward execution)

{ don't know the distribution of ~A;i
(events rolled back)
2 approach:

{ nd bounds on ¢ A
(total overhead)



A Lower Bound on Total Overhead

2 a lower bound:

{ assume °R;= Aj 1

(last Aj 1 events in cycle not check-
pointed)

2 a tighter lower bound:

{ assume °Ai 1s unifo rmly distributed in

[O A |]
, [0;AG 1]]
2 3
A !
= _A AI 1) + 2®A—,\+ 1 i 1 s
2 (=¥ A
coastlng forward | {z }

checkp ointing
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An Upp er Bound on Total Overhead

2 upp er bound:

{ assume °A;= Aj 1

2
A . !
A ®A+ (Aj 1
¢ % = kAg (A% = (A i 1) J_ré
coasting forward | Aiz_ : }
checkp ointing
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Theo rem 1

2 assumptions

{ ka' kp
{ ®&' &
{ a' ®

2 \optimal" checkp oint interval

(which minimizes ¢ &)
2s 3
At = g (2®I+ 1)iS
to

2 essentially Young's result [CACM '74]
(under appropriate interp ration of variables)
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Theo rem 2

2 assumptions

{ ka'
{ ®'

{ a’

2 \optimal”

Kp
®,

®h

checkp oint interval

(which minimizes ¢ })

N NG TES:

te
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Selecting the Checkp oint Interval

2 objectives
{ choose A

{ minimize TA
(total execution time for N committed
events)

2 approximation:

no rmal coast

0
é %\H\r o%%?rd

A i
|72} event
all execution

cycles time
®A + °A 7

+ Al A Al t
— A

checkp ointing
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T otal Execution Time

2 where RA is the total numb er of events
executed

Including coasted forward events and rolled
back events

2 result iIs intuitive

{ expect state saving overations BATAtimes!

2 result is valid when
{ E[RA;] is large with respect to E[°};]

{ last °2.i events in a cycle do not require
a checkp oint
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Dynamic Checkp oint Selection Algo rithm

2 |teration 1

set Ato 1

~

{ commit N events

{ measure ¢, 15, k1, and R
{ assume kA = Kkj

{ assume ®A = R1=kj

{ pick new A between Ai and A+
(A* seems the better choice)
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Dynamic  Checkp oint Selection Algo rithm

2 lterations 2, 3, ...

~

{ curve t RA Vs. A
3

{ choose Awhich minimizes TA= RA e+

il

2 Termination condition (rudimenta ry)

{ terminate when A in nth iteration was
already used in an earlier iteration
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Exp erimental Overiew

2 Nicol Suite [SIGPLAN '88]

~

closed, stochastic queueing networks

6D hypercub e, 64 nodes

a node is a queue and server
FCFS queueing

non-p remptive service

biased, exponentially distributed
time

service
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Exp erimental Overiew (Continued)

2 Yaddes soft ware [PADS '1989]
{ 8 Transputers
{ \optimal" mapping
{ STF scheduling

{ lazy cancellation

2 Checkp oint Interval Selection algo rithm
behaviour calculated from runs with
xed Al

2 arti cally varied +s with a delay loop
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_(a) £ = 1:23 ticks
(A= 2 after iteration 1)
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_(b) £ = 3:23 ticks
(A = 2 after iteration

1)
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pzd b

51.5

50.5

49.5 | | | |

~

_(c) £ = 5:23 ticks
(A = 3 after iteration 1)
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_(d) 1= 9:23 ticks
(A= 3 after iteration 1)
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60.0
59.5
59.0
58.5
RA  58.0
Unit:  57.5
1000 57.0
56.5
56.0
55.5
55.0

RA for experiment (c) (xs = 5:23, N = 52553)
A. The true RA curve.

B: The RA curve estimated at the end of it-
eration 2.

C: The RA curve estimated at the end of it-
eration 3.
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The elapsed time is measured in 1000s of
ticks.

(a) + 1:23 ticks.

(b) +s = 3:23 ticks.

(c) s = 5:23 ticks.

(d) = 9:23 ticks.

(One tick equals 64!s.)

m+
[
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Exp erimental Results
Exp eriment (a) (b) (c) (d)
*s 1.23 | 3.23 | 5.23 | 9.23
optimal A 2 3 4 5
Ao 2 2 3 3
Aj 2 3 4 5
Ay | 3 4 5

2 An selected at the end

of the (nj 1)th

iteration
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E®ects on Simulation P erfo rmance

2 speedup with checkp oint interval of one
5.5, 5.3, 5.1, 4.8

2 Imp rovement in going to the optimal check-
point interval
2%, 4%, 7%, 10%

2 reduction Iin peak memo ry requirement
40%{60%.
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Conclusions
2 under some conditions, changing the check-
point interval
{ may reduce state saving overhead
{ even if numb er of rollbacks increases
2 under some conditions, sometimes it is de-
sirable to

{ select a checkp oint interval that increases
the state saving overhead

{ in order to reduce the total execution
time
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Conclusions  (Continued)

2 demonstrated a checkp oint selection algo-
rithm

{ that can dynamically adjust to the best
value
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