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1 Introduction would callwri t e() to update the write-ahead log, call

Traditional operating system kernels present a relativé‘ﬂgr rier() andfinally caltwri te() toupdate the data

narrow interface to applications for 1/O. This interitoelf. This ensures that the on-disk log will be updated

. : before the on-disk data is updated.
face typically consists abpen(), cl ose(),read(), . ; o
write(),l seek()andf sync() . Some applications, We have implemented file system barriers in FreeBSD

however, require more control than this limited interfac%% ylfgéaretgngrtﬁ}l/yavv]% vaouwr;getshag é{\;z%v?ﬁlg?? )nor—
allows. For example, a database management system ﬂ ;

’ : | , the disk scheduler and buffer cache manager be-
as Oracle or PostgreSQL, performs write-ahead Iogglﬁ e overly constrained and performance suffers g
to provide transactional semantics to users. In order :
ensure that the database can be brought to a consi t
state in the event of a crash, the DBMS must ensure tfi Asynchronous Graphs
nga:eS tto ttr?ec}o? z_atre ﬁogm[[tﬁedljtgl\(/jlgsk Str('thlty befot qt the application needed to be able to specify order-
updates to the data itself. So, the needs to con ! : . J
the order in which data is committed to stable storage ﬂpﬁucsor&?g?ﬂ;gg;@?‘%?ﬁgﬂ?S%&%& %ﬁirgesz:shill%v ed
correctness. s >y 3 : ’

; ; ch time an application callsri t e() the kernel as-

In crrrenttopleéatll(ng s_%/stergs,_thertle atrﬁ efss?n{lﬁ';llly t\(Rllggns a unique Fi)cFJI)G,'ntifier to that Wri'Ee) operation and re-
ways 10 COntro’ GISk Write ordering. n the first, the a@m s it to the application. When making subsequent calls
plication accesses the raw storage device, bypassing \?vr ite() th%papplicaiion can use tﬁese idgntifiers to
filesystem and kernel buffer cache. This provides the (%gform ihe kernel that the data from the latest t e()
sired Icor_wttrol, dbUt att the cost OL-?Pp“-Fﬁtlon por(tjablllt Qeration should be committed to stable storage afigr
fc? lTs%es)Sn)éﬁpongﬁi ﬁg ?L?gr?fggyyc%) Tehﬁseglzg p\r'ga_‘yt e data from the specified writes. This allows an appli-
vides the required cont}ol, but this time at the cost of pé:r"-“ltion to express ordering constraints only where order-
formance. A third, degenerate, option is to forego contrdild matters, instead of imposing global constraints on all

ling write ordering entirely. This solution is fast, simpl&! (€ wrg_es Ir']l thfe syst%m._ The kernel is free to re_?_rdder
and portable, but can be disastrous in the event of a syies arbitrarily If no ordering constraint was specified.

tem crash. Any application with complex, on-disk da is gives the application the power to specify its order-

structures will have a similar set of trade-offs ing requirements, while allowing the operating system to
y se its normal I/O optimizations for all other I/O.

In this work, we seek to provide a new interface whictS€ It :
et : - Using our example of a DBMS again, the DBMS calls
allows the application to control the order in which data * LS9 . s
is written to FEiri)sk. This interface should be fase( as W i te() to update the log, and is given an identifier for
asynchvonous as possle). and simpie cnough hat e, LEn cale o) 5 funber of mesto,
be easy to standardize to facilitate portability. log write to ensure that the data updates are written to disk

2 Approach after the log updates.

Our approach is to allow an application to specify orde8 Current Status

ing dependencies between write operations. We propgsoe]car we have been exploring the asvnchronous araph
two alternative methods for allowing this type of controf et within a simplo gimulagtor. Ou); S UIator s%mp

file system barrierandasynchronous graphs ulates the buffer cache itself, and distinguishes between

2.1 FileSystem Barriers sequential and non-sequential disk accesses. That is, se-
File system barriers entail the addition of a new Syg_uenual accesses are fast and non-sequential accesses are
tem call, barrier(). This call guarantees that thelow. So far we have been able to show that asynchronous

data from anywrite() calls madepreviousto the graphs require fewer writes and, in particular, fewer non-
barrier() call will be commited to stable storag equential writes than using fsync or filesystem barriers

strictly beforethe data from any subsequent callsvite. orlorgering vxéithaTPC-B-Iike w%r_kload. imul K
barri er() is global in scope, that is, the orderin%tnt e near future we are extending our simulator to take

is imposed on all write operations, without regard 0 account clustered writes, the buffer cleaning daemon

which process requested them. This interface make&fd & more accurate disk model. In the following months,

easy to convert existing applications to use the new W€ plan to implement the asynchronous graph interface in

terface, simply replace calls fosync() andsync() reeBSD and evaluate its performance on real and syn-
with calls to barrier(). For example, a DBMS thetic workloads.

er our experience with file system barriers, we realized



