1A Trace-driven Comparison of Algorithms for Parallel Prefetching and CachingTracy Kimbrel Brian Bershad Anna R. Karlin University of WashingtonPei CaoUniversity of Wisconsin-MadisonAndrew Tomkins R. Hugo Patterson Garth A. Gibson Carnegie Mellon UniversityEdward W. FeltenKai LiPrinceton University

2MotivationOvercoming the I/O bottleneck by telling the I/O system what you want before you want it

3OutlinelBackgroundlPrevious algorithms for prefetching and cachinglSimulation framework and resultslA new approach that always winslFuture directions

4Techniques to overcome I/O bottlenecklcaching for re-useldisk arrays for parallel I/Oldeep prefetching to hide latency

501 0 2 0 3 0 4 0 5 0 6 0 7 0 Deep prefetching is a big windemand fetchingprefetching1 disk2 disks3 disks4 disks5 disks6 disks elapsed timedatabase select trace

6Deep prefetching requires advance knowledgeAcquiring advance knowledge (hints) of I/O accesseslProgrammer-supplied hints (Patterson Gibson et. al 1995)lCompiler techniques (Mowry et. al 96)

7Using advance knowledgel�smart� prefetchingloptimal cache replacement

8lPrefetching too eagerly can increase I/O load lCaching too long reduces effectiveness of prefetching Problem is hard even with advance knowledgeread requestsABmissing blockevict Aevict B

9Problem is even harder with parallel disksCache replacement decisions can affect load balance among the disks

10Focus of this studylSingle processlRead-onlylFully hinted request sequenceThese simplify evaluation; but the algorithms work without them

11Tradeoffs faced by algorithm designerlAggressive prefetching vs. optimal cache replacementlDoes load balance depend on careful cache replacement decisions?lAmount of lookahead information to use

12Main resultlNone of the previous algorithms performs well for all workloads and is practicallThere is a single, practical algorithm for prefetching and caching that performs well for all workloads in our setting

13OutlinelBackgroundlPrevious algorithms for prefetching and caching lSimulation framework and resultslA new approach that always winslFuture directions

14Algorithm #1: Fixed Horizon(Patterson, Gibson, Ginting, Stodolsky, Zelenka)lPrefetch �just in time� to serve requestfetch started herewill complete heremissing blockread requestsFF: fetch timestart fetching herestall hereF

15Algorithm #1: Fixed HorizonlLate prefetching (just-in-time) => near-optimal replacement decisionslMakes no effort to balance disk loads through replacement decisionslUses least lookahead

16Algorithm #2: Aggressive(Cao, Felten, Karlin, Li) Prefetch whenever cache holds block not needed until after first missing blockmissing blockread requestsstart fetch hereeven though not needed till herestart fetching hereavoids stall here

17Algorithm #2: AggressivelAggressive prefetching => sub-optimal replacement decisions => increased I/O loadlMakes no effort to balance disk loads through replacement decisionslUses more lookahead

18Algorithm #3: Reverse Aggressive(Kimbrel and Karlin)Construct schedule as does Aggressive but on reverseof input sequence; convert to schedule for original.Impractical, but only algorithm with proven performance guarantee

19Algorithm #3: Reverse AggressiveIn theoretical model assuming constant fetch and process compute times:TheoremElapsed time is always within 1 + e of optimalWorst case performance of other two algorithms is much worse.

20Algorithm #3: Reverse AggressivelNear-optimal balance between prefetching and cache replacement decisionslOnly algorithm to balance disk loads through careful replacement decisions - unimportant in practicelUses complete lookahead

21OutlinelBackgroundlPrevious algorithms for prefetching and caching lSimulation framework and resultslA new approach that always winslFuture directions

22Trace-driven Simulationslcyclic accesses, text search, cache simulator, database join/select, 3D data visualization, source code analysisltraces contain <read request, compute time> pairslaccurate disk modelling (Kotz et. al, Ruemmler &Wilkes)ldata striped over diskslalgorithms incorporate disk schedulinglPerformance measure:Elapsed time = compute + I/O driver + stall

23Performance on cyclic accesses050100150200250computedriverstall reverse agg.

aggressive

fixed horizon1 disk2 disks3 disks4 disks

elapsed time

reverse agg.

aggressive

fixed hor.

24Performance on cyclic accesses050100150200250computedriverstall reverse agg.

aggressive

fixed horizon1 disk2 disks3 disks4 disks

elapsed timeI/O-boundCPU-bound

reverse agg.

aggressive

fixed hor.

25Number of fetches on cyclic access pattern02 0 0 0 0 4 0 0 0 0 6 0 0 0 0 8 0 0 0 0 1 0 0 0 0 0 1 2 0 0 0 0 reverse aggressive aggressive fixed horizon1 disk2 disks3 disks4 disks

reverse aggressive

aggressive fixed horizon

2601 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 Example application performance (text search)computedriverstall reverse agg.

aggressive

fixed horizon1 disk2 disks4 disks8 disks elapsed timeI/O-boundCPU-bound16 disks

27ProblemlFixed horizon is not aggressive enough when application is I/O boundlAggressive performs too many fetches when application is CPU boundlReverse aggressive is impracticalSolution: new algorithm

28OutlinelBackgroundlPrevious approacheslSimulation framework and resultslA new approach that always winslFuture directions

29New Algorithm: Forestall For each disk, for each i, prefetch if i missing block is within iF referencesstart fetching hereavoids stall hereFstart fetching hereavoids stall here3FF: fetch timemissing block th

30New Algorithm: ForestalllPerforms aggressive prefetching when application is I/O bound and conservative prefetching when application is CPU-boundlMakes no effort to balance disk loads through replacement decisionslIntermediate use of lookahead

3105 0 1 0 0 1 5 0 2 0 0 2 5 0 Performance on cyclic accessescomputedriverstall reverse agg.

aggressive

fixed horizon

forestall1 disk2 disks3 disks4 disks elapsed timeI/O-boundCPU-bound

32Example application performance (text search)01 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 computedriverstall1 disk2 disks4 disks8 disks16 disks

reverse agg.

aggressive

fixed horizon

forestall elapsed timeI/O-boundCPU-bound

33CPU-bound perf.Summary of results

Fixed horizonI/O-bound perf.Practical

Aggressive

Reverse Agg.

Forestall

34ConclusionslDeep prefetching is possible and is a big win for I/O-bound applicationslExisting practical algorithms have weaknesses, prefetching either too deep or not deep enoughlA hybrid algorithm has near-optimal performance

35Future directionslEvaluate performance with incomplete and less accurate lookaheadlMultiple processeslDevelop programming interface and hinting applications