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Increasing efficiency of tape-based storage
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R ] | The CASTOR instaliation at CERN currently
stores approximately 17 Petabytes over 114 million files.

Efficiency challenges...

TP« The tape data format currently used by CASTOR is ANSI AUL and was set in place in
o i the 1990s. The speed and data capacity of tape media has evolved significantly since
| then. The average capacity of a tape cartridge in the 1990s was between 5 and
10GB, whereas now we are beginning to use 1TB cartridges. In contrast the size of
physics data files has not increased by the same magnitude.
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,1 f: e 1 ' . There are a number of challenges in terms of CASTOR performance:

8 Reads

. o
l i ‘ I ' On average CASTOR reads 1.5 user files per tape mount. This is extremely inefficient
l 8ho(ind ' i considering the fact it takes between 1 and 3 minutes to mount a tape.
8 The low number of user files to be read per tape is due to:
' Jl - Related files not being written together on the same tape(s)
" - The current low latency requirements of the CERN batch Farms.

The usage of migration policies enables building up file streams to be sent to tape.
However, the efficiency of writing small files is low due to writing each disk file as a

o ik | single tape file in the current AUL file format. This format requires writing header and
oy f-{ trailer metadata files around the contents of each data file. The writing of tape marks is
| the most

dominant factor in
the writing of the
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a the metadata (~2-3 per tape mark).

tape marks and

Current ANSI AUL format The ANSI AUL format results in a total of ~5-9

. | Header 1 data file Trailer seconds overhead per file independent of its
b a4 [ size.
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I , | Recent evolution of tape media at CERN

5 Tape marks Vendor | Current | Future | Nb at Delta Cost

' I capacity | capacity | Cern capacity
1 f Media RepaCk IBM | 700GB | 1000GB | 9692 | 2.9PB |0.5MCHF
, e ' SUN513| 500GB | 1000GB | 14890 | 7.4PB |1.3MCHF

_.j" Media repacking is the copying of SUN613| 500GB | 1000GB | 15408 | 7.7PB |1.4MCHF
8 I data from one set of tapes to another
l | _ _ _ Total 18.0PB |3.2MCHF
‘, ‘ and is done for the following reasons:
l QheCGiral ' w - Data recovery in case of media
> t N errors Network utilization
o . Ja B - Media defragmentation (clean up !
I [ .f: l 5 holeg after data deletion) . L [Hrwf%“-mﬂ. T | ['||, MJ‘P' L b
' i 4 | - Media upgrade (old tapes eventually f Hr AN f r Jr
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B wear out, new tape generations have i | Ll
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B ethd in aver:1.16 max:1.9% min:66.1M curr; 930, 9
B ethd out aver:1.5G max:2.36 min:425.5M curr:1.7G

CASTOR has a repack application to
perform this task which reuses the

stager layer of the CASTOR
architecture.
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CASTOR Tape REPACK

" ? £" Repack operations at CERN are 2mTﬂPE REPACK: Completed tape repacks in last 2dhre - last 24 hours
FE * done using a dedicated CASTOR .
S B instance. This instance has a load
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equivalent to that of one LHC

Experiment!
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... and the solutions:

Increasing operations per mount

In order to minimize the number of accesses to tape media, and consequently to increase the
number of read/write operations per tape mount, a number of improvements have been developed:

Recall and Migration policies

The base concept of both recall and migration policies is holding back the migration and recalls
depending on the amount of data and elapsed time. This way, the total count of tape mount
operations should be minimized for both reads and writes.

Prioritization and Access Control

Whenever possible, end users should access data which has already been staged on disk. End
users should be encouraged to work in coordination with “alpha” users such as production
managers, which are responsible for deciding which data sets are to be staged to or removed from
disk. This can be endorsed by defining user and group based access control lists and priorities for
Initiating tape based recall operations. -

New tape format

A new tape format (ALB, ANSI Label with Block
format) is being developed for CASTOR, with the aim
to increase efficiency and redundancy.

Aggregations

The new ALB format is based on the ANSI AUL format.

While the AUL structure will be kept for this format at least initially, the payload inside each
AUL data file will consist of an aggregation of multiple CASTOR files, in order to reduce the
number of tape marks. The incoming stream (list of files) to be migrated will be aggregated to
a configurable maximum total size (e.g. 10GB) and/or configurable maximum number of files
(e.g. 1000 files). If a file exceeds the maximum total size it will be written in a separate
aggregation consisting of that single file.
On hardware with efficient tape

mark handling, the number of

files per aggregation can be

decreased.

New CASTOR ALB format

Header N data files Trailer

hdr1 | hdr2 | uh1 | tm | datafile1 | ... | datafilen | tm | eof1 | eof2 | utl1 | tm

Block-based format

[ header

Every file within an aggregation is split into fixed-sized
blocks (e.g. 256KB). Every block contains a 1KB
header for self description. This header provides

CHECKSUM_ALGORITHM

I I I I HEADER CHECKSUM
metadata_ information abgut the file itself, the o e
aggregation, the tape, the drive, , the checksums, etc.. BLOGK_SIZE . .. .. .. .

AUL format = 3 tape marks per file
ALB format = 3 tape marks per N files
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Benefits for Repack

o
The new tape format will allow to increase the performance of repacking data from old to newer &S
generation tape media with substantially reduced hardware costs. B
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