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Why are we reading this paper?
Robustness and crash recovery
Logging will come up many times 

What are the main properties the authors want?
Recoverable if unexpected crash (e.g. while modifying name table).
If single- or double-sector disk error, only that file damaged.
Fast crash recovery.
Fast ordinary operation. 

Basic on-disk FSD data structures 
name table, a b-tree, contains file names and block lists
content blocks of files 

What data structures should look like after a file create 
new blocks for file contents 
new entry in file name table 

Why unexpected crashes might be a problem
b-tree update requires multiple disk writes 

Why does a log help with crash recovery?
It makes multi-step operations atomic w.r.t. recovery 

What does the on-disk log look like?
Fixed area of disk, not a file, no free list for log blocks.
Proper entry: hdr, blank, hdr copy, data pages..., end, copies of

data..., end copy. 

be clear about memory vs disk
memory:
disk cache. some blocks might be dirty.
in-memory log, just most recent, not yet flushed, w/ commit points.
VAM 

disk: 

real homes of data and name table blocks. 

on-disk log, in thirds. 


What happens when you create a file in FSD?
1. get two free pages for leader and data from VAM.
2. update the name table b-tree in memory
3. write leader+data to disk synchronously
4. append modified name table pages to the log in memory 

When is the in-memory log forced to the disk?
Group commit... Every few seconds.
Why not log immediately, after every operation? 

When are the modified disk cache pages written to the disk?
Is it OK to write them before the corresponding log records?
Is it OK to write them after? 

What happens during recovery after crash+reboot? 
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 How does recovery s/w find the start of the log?
Disk has pointer to first log of oldest third, updated on entry to

third. 
How does recovery find the last log record?
hdr/end blocks must have time-stamp or something.

What if the system crashed while writing to the log on disk?

Do we assume disk wrote pages of log entry in order?

If end block exists and matches hdr block, we're OK.


What does recovery actually do with the log records?

Can it just start re-play at the beginning?

I.e. what if it crashed during previous replay, is 2nd time OK?

Where does recovery stop re-playing? 

Does recovery work if crash during log write? 

What about recovering the free list (VAM)?
What if the free list had incorrect contents? 

What can we say about the state of the file system after
crash+recovery?
Some prefix of the operations have been completed.
I.e. every operation up to a certain point.

May have lost the last few operations. 


Why don't they log data writes?
When do they write the data?
Does that break the prefix rule?
May have writes from "the future", after the recovery point.
What about delete, create, write, crash? W/ recovery point before

delete? 

What if we run out of log space during normal operation?
How can we be sure it's safe to start re-using the log space on disk?
What if crash while writing blocks during switch to a new 1/3? 

Why is FSD faster than CFS?
Table 3, why does FSD do 1/6th as many I/Os for small creates?
Why 149 I/Os for 100 files? 

Did they evaluate whether they achieved their robustness goals? 

Cite as: Robert Morris, course materials for 6.824 Distributed Computer Systems Engineering, 
Spring 2006. MIT OpenCourseWare (http://ocw.mit.edu/), Massachusetts Institute of 
Technology. Downloaded on [DD Month YYYY]. 

(http://ocw.mit.edu/)


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU (Use these settings to create PDF documents suitable for reliable viewing and printing of business documents. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


