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WHAT IS CLAIMED IS:

L. A system implementing a storage node, comprising:

one or more block-based storage devices maintaining one or more data volumes;

a system memory, comprising a page cache, wherein the page cache is perioc} ;llly or
aperiodically flushed to the one or more block-based storage devices}z{;i order to
persistently update the one or more data volumes; f

a persistent storage device maintaining a page cache write log, where}:ﬁ;’the page cache
write log maintains a plurality of log records describing g.lﬁjdates to the page
cache, wherein the plurality of log records are applicable ngiestore a prior state to
the page cache in the event of a system failure result'tfé in a loss of data in the

page cache;

the storage node, configured to:

receive a write request for a particular data/volume of the one or more data

e

volumes;

update at least one corresponding entryf@f a plurality of entries in the page cache

for the write request; g
i

store a log record describing thefﬂidate to the at least one corresponding page
cache entry in the page gafihe write log; and

in response to updating the gage cache entry and storing the log record in the page
cache write log, qgf;owledge the write request as complete.

&

Y,
%

2. The system of clainfl , wherein the storage node is further configured to:

y

upon recovery from a sXﬁim failure:
obtain from tg}é%ersistent storage device maintaining the page cache write log, the
Iog;r"gcord and the plurality of log records; and
apply t@égiog record and the plurality of log records maintained in the page cache
’kwrite log to write to the page cache a state of the page cache prior to the

system failure.
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3. The system of claim 1, wherein storage node is further configured to:

detect a trim event for the page cache write log;

in response to detecting the trim event:

identify a trim location in the page cache write log;

5 perform one or more flush operations to write at least some of the p]};félity of

page cache entries from the system memory to the plurality ofjb'lfbck—based

storage devices; and
upon completion of the one or more flush operations, recliafm one or more
portions of the persistent storage device maintaininggt‘he page cache write

10 log for storing additional log records describing ug,dates to the page cache.

4. The system of claim 1, wherein the storage node‘is implemented as part of a

network-based block-based storage service, wherein a least one other storage node implemented

as part of the block-based storage service maintains a repli ’a’;‘of the particular data volume, and
15  wherein the at least one other storage node is configured. perform said receiving, said storing,

said updating, and said acknowledging.

5. A method, comprising:

performing, by one or more computing devices:
20 receiving, at a storage nodeﬁa write request for a data volume persisted in at least

one block-based, %brage device maintained at the storage node;

updating at least one Corresponding entry of a plurality of entries in a page cache

maintained‘in system memory at the storage node for the write request,
“the plurality of entries in the page cache are periodically or

25 ape

ically flushed to the at least one block-based storage device in

order to persistently update the data volume;

' a log record describing the update to the at least one corresponding page
cache entry in a page cache write log maintained in a persistent storage
device along with a plurality of other log records maintained in the
30 persistent storage device, wherein the log record and the plurality of other
log records describe a state of the page cache including the updated page
cache entry to be restored to the page cache in the event of a system

failure resulting in a loss of data in the page cache; and
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in response to updating the page cache entry and storing the log record in the page

cache write log, acknowledging the write request as complete. /

6. The method of claim 5, further comprising: F
upon recovery from a system failure:
obtaining from the persistent storage device maintaining the page cagﬁé write log,
the log record and the plurality of other log records; and j;f |
applying the log record and the plurality of other log recordgg%aintained in the
page cache write log to write to the page cache a stﬁi of the page cache
prior to the system failure. ggf /
P
?{f
7. The method of claim 5, wherein the storage nodeﬁi‘s one of two or more storage
nodes that maintain replicas of the data volume, wherein at le gf one of the two or more storage
nodes different than the storage node does not maintain ﬁz spective page cache write log for

&
F)
&

write requests with respect to the data volume. 7

#

8. The method of claim 7, further com@r151ng

upon recovery from a system failure of the two or more storage nodes, identifying one of
the two or more storage nodes that maintains the respective page cache write log
as maintaining a current ephca of the data volume prior to the system failure in
order to make the cunfent replica of the data volume available for processing

;}

subsequent 1nput/0u§put requests for the data volume.

0. The method of claim 5, further comprising:

detecting a trim ey nt for the page cache write log;

in response to detectmg the trim event:

1dent1fy1ng a trim location in the page cache write log;

pe’f forming one or more flush operations to write at least some of the plurality of
page cache entries from the system memory to the at least one block-based
storage device; and

upon completion of the one or more flush operations, reclaiming one or more

portions of the persistent storage device maintaining the page cache write

log for storing additional log records describing updates to the page cache.
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10.  The method of claim 9, further comprising:

in response to detecting the trim event, determining a flush operation size for the one or,
more flush operations.

5 11. The method of claim 5, wherein the at least one block-based storage deyice is at

least one of a plurality of block-based storage devices maintained at the storage’node, and

wherein the method further comprises:

receiving another write request for another data volume persisted in at least one other

block-based storage device of the plurality of block-based storage devices
10 maintained at the storage node; and
performing said updating, said storing, and said acknowledging for the other write

request.

12, The method of claim 5, wherein the one or mere computing devices implement a
15  storage node of a plurality of storage nodes that toge er implement a block-based storage
service, wherein the storage node is one of one or more storage nodes in the block-based storage

herein other ones of the plurality storage

service that implement page cache write loggin
nodes do not implement page cache write logging; and wherein the method further comprises:

performing, by one or more comput jg devices implementing a block-based storage

20 service control plane:
evaluating the other ones of the plurality of storage nodes to determine a

durability score for each other storage node that does not implement page

cache write fogging; and

based, at least in‘part on the durability scores, selecting one or more storage nodes

25 of the‘other storage nodes to implement page cache write logging.

13.  The mgthod of claim 5, wherein the storage node is one of a plurality of storage
nodes implementigg{?a network-based block-based storage service, wherein the write request is
received from a’ virtual compute instance implemented by a network-based virtual compute

30
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14. A system implementing a master storage node, comprising;

the master storage node, configured to: j‘z

receive a write request for a data volume persisted in at least one block-based storg e

device maintained at the master storage node; g ‘

update at least one corresponding entry of a plurality of entries in a page cache

maintained in system memory at the master storage node for the wﬁte request,

wherein the plurality of entries in the page cache are periodically jgf aperlodlcally

flushed to the at least one block-based storage device in orﬁ to persistently

update the data volume; fgg

store a log record describing the update to the at least one correspﬂ‘ndmg page cache entry
in a page cache write log maintained in persistent sté’rage device along with a
plurality of other log records maintained in the p@rswtent storage device that is
different than the at least one block-based storage device, wherein the log record
and the plurality of other log records descnb ‘a state of the page cache including
the updated page cache entry to be restoned to the page cache in the event of a

system failure resulting in a loss of dataém the page cache; and

in response to updating the page cache entryfand storing the log record in the page cache

write log, acknowledging the wrlte requeqt as complete.

&

15. The system of claim 14, and further comprising:

one or more slave storage nod;*{ wherein the master storage node and the one or more
slave storage nodes each mamtamgg respective replica of the data volume, and wherein the
master storage node and the ong’or more slave storage nodes each perform the receiving, the

storing, the updating, and the garémowledging.
"/
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Claims

1. A system implementing a storage node, comprising:
one or more block-based storage devices maintaining one or more data volumes;
a system memory, comprising a page cache, wherein the page cache is periodically or
aperiodically flushed to the one or more block-based storage devices in order to
persistently update the one or more data volumes;
a persistent storage device maintaining a page cache write log, wherein the page cache
write log maintains a plurality of log records describing updates to the page cache,
wherein the plurality of log records are applicable to restore a prior state to the
page cache in the event of a system failure resulting in a loss of data in the page
cache;
the storage node, configured to:
receive a write request for a particular data volume of the one or more data
volumes;

update at least one corresponding entry of a plurality of entries in the page cache
for the write request;

store a log record describing the update to the at least one corresponding page
cache entry in the page cache write log; and

in response to updating the page cache entry and storing the log record in the page

cache write log, acknowledge the write request as complete.

2. The system of claim 1, wherein the storage node is further configured to:
upon recovery from a system failure:
obtain from the persistent storage device maintaining the page cache write log, the
log record and the plurality of log records; and
apply the log record and the plurality of log records maintained in the page cache
write log to write to the page cache a state of the page cache prior to the

system failure.

3. The system of claim 1, wherein storage node is further configured to:
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detect a trim event for the page cache write log;
in response to detecting the trim event:
identify a trim location in the page cache write log;
perform one or more flush operations to write at least some of the plurality of
page cache entries from the system memory to the plurality of block-based
storage devices; and
upon completion of the one or more flush operations, reclaim one or more
portions of the persistent storage device maintaining the page cache write

log for storing additional log records describing updates to the page cache.

4, The system of claim 1, wherein the storage node is implemented as part of a
network-based block-based storage service, wherein a least one other storage node implemented
as part of the block-based storage service maintains a replica of the particular data volume, and
wherein the at least one other storage node is configured to perform said receiving, said storing,

said updating, and said acknowledging.

5. A method, comprising:
performing, by one or more computing devices:
receiving, at a storage node, a write request for a data volume persisted in at least
one block-based storage device maintained at the storage node;
updating at least one corresponding entry of a plurality of entries in a page cache
maintained in system memory at the storage node for the write request,
wherein the plurality of entries in the page cache are periodically or
aperiodically flushed to the at least one block-based storage device in

order to persistently update the data volume;
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storing a log record describing the update to the at least one corresponding page
cache entry in a page cache write log maintained in a persistent storage
device along with a plurality of other log records maintained in the
persistent storage device, wherein the log record and the plurality of other
log records describe a state of the page cache including the updated page
cache entry to be restored to the page cache in the event of a system
failure resulting in a loss of data in the page cache; and

in response to updating the page cache entry and storing the log record in the page

cache write log, acknowledging the write request as complete.

6. The method of claim 5, further comprising:
upon recovery from a system failure:
obtaining from the persistent storage device maintaining the page cache write log,
the log record and the plurality of other log records; and
applying the log record and the plurality of other log records maintained in the
page cache write log to write to the page cache a state of the page cache

prior to the system failure.

7. The method of claim 5, wherein the storage node is one of two or more storage
nodes that maintain replicas of the data volume, wherein at least one of the two or more storage
nodes different than the storage node does not maintain a respective page cache write log for

write requests with respect to the data volume.

8. The method of claim 7, further comprising:

upon recovery from a system failure of the two or more storage nodes, identifying one of
the two or more storage nodes that maintains the respective page cache write log
as maintaining a current replica of the data volume prior to the system failure in
order to make the current replica of the data volume available for processing

subsequent input/output requests for the data volume.
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9. The method of claim 5, further comprising:
detecting a trim event for the page cache write log;
in response to detecting the trim event:
identifying a trim location in the page cache write log;
performing one or more flush operations to write at least some of the plurality of
page cache entries from the system memory to the at least one block-based
storage device; and
upon completion of the one or more flush operations, reclaiming one or more
portions of the persistent storage device maintaining the page cache write

log for storing additional log records describing updates to the page cache.

10.  The method of claim 9, further comprising:
in response to detecting the trim event, determining a flush operation size for the one or

more flush operations.

11.  The method of claim 5, wherein the at least one block-based storage device is at
least one of a plurality of block-based storage devices maintained at the storage node, and
wherein the method further comprises:

receiving another write request for another data volume persisted in at least one other

block-based storage device of the plurality of block-based storage devices
maintained at the storage node; and

performing said updating, said storing, and said acknowledging for the other write

request.

12.  The method of claim 5, wherein the one or more computing devices implement a
storage node of a plurality of storage nodes that together implement a block-based storage
service, wherein the storage node is one of one or more storage nodes in the block-based storage
service that implement page cache write logging, wherein other ones of the plurality storage
nodes do not implement page cache write logging, and wherein the method further comprises:

performing, by one or more computing devices implementing a block-based storage

service control plane:
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evaluating the other ones of the plurality of storage nodes to determine a
durability score for each other storage node that does not implement page
cache write logging; and

based, at least in part on the durability scores, selecting one or more storage nodes

of the other storage nodes to implement page cache write logging.

13.  The method of claim 5, wherein the storage node is one of a plurality of storage
nodes implementing a network-based block-based storage service, wherein the write request is
received from a virtual compute instance implemented by a network-based virtual compute
service, wherein the network-based block-based storage service and the network-based virtual
compute service are implemented together as part of a same network-based services provider

network.

14. A non-transitory, computer-readable storage medium, storing program
instructions that when executed by one or more computing devices cause the one or more
computing devices to implement:

receiving, at a storage node, a write request for a data volume persisted in at least one

block-based storage device maintained at the storage node;

updating at least one corresponding entry of a plurality of entries in a page cache

maintained in system memory at the storage node for the write request, wherein
the plurality of entries in the page cache are periodically or aperiodically flushed
to the at least one block-based storage device in order to persistently update the
data volume;

storing a log record describing the update to the at least one corresponding page cache

entry in a page cache write log maintained in persistent storage device along with
a plurality of other log records maintained in the persistent storage device that is
different than the at least one block-based storage device, wherein the log record
and the plurality of other log records describe a state of the page cache including
the updated page cache entry to be restored to the page cache in the event of a

system failure resulting in a loss of data in the page cache; and
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in response to updating the page cache entry and storing the log record in the page cache

write log, acknowledging the write request as complete.

15. The non-transitory, computer-readable storage medium of claim 14, wherein the
program instructions further cause the one or more computing devices to implement:
upon recovery from a system failure:
obtaining from the persistent storage device maintaining the page cache write log,
the log record and the plurality of other log records; and
applying the log record and the plurality of other log records maintained in the
page cache write log to write to the page cache a state of the page cache

prior to the system failure.

16. The non-transitory, computer-readable storage medium of claim 15, wherein the
one or more computing devices implement a master storage node and one or more slave storage
nodes, wherein the master storage node and the one or more slave storage nodes each maintain a
respective replica of the data volume, and wherein the master storage node and the one or more
slave storage nodes each perform said receiving, said storing, said updating, and said

acknowledging.

17.  The non-transitory, computer-readable storage medium of claim 14, wherein the
program instructions further cause the one or more computing devices to implement:
detecting a trim event for the page cache write log;
in response to detecting the trim event:
identifying a trim location in the page cache write log;
performing one or more flush operations to write at least some of the plurality of
page cache entries from the system memory to the at least one block-based
storage device; and
upon completion of the one or more flush operations, reclaiming one or more
portions of the persistent storage device maintaining the page cache write

log for storing additional log records describing updates to the page cache.
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18.  The non-transitory, computer-readable storage medium of claim 17, wherein the
program instructions further cause the one or more computing devices to implement:
in response to detecting the trim event, determining a flush operation size for the one or

more flush operations.

19. The non-transitory, computer-readable storage medium of claim 14, wherein the
at least one block-based storage device is at least one of a plurality of block-based storage
devices maintained at the storage node, and wherein the program instructions further cause the
one or more computing devices to implement:

receiving another write request for another data volume persisted in at least one other

block-based storage device of the plurality of block-based storage devices
maintained at the storage node; and

performing said updating, said storing, and said acknowledging for the other write

request.

20. The non-transitory, computer-readable storage medium of claim 14, wherein the
storage node is one of a plurality of storage nodes implementing a network-based block-based
storage service, wherein each of the plurality of storage nodes maintains a plurality of different

data volumes for a plurality of different clients.
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