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Abstract

The problem of building a large location table for physics objects occurs within a number
of planned physics data management systems, like those that control reclustering and wide-
area replication. To satisfy their efficiency goals, these systems have to make local or remote
replicas of individual physics objects, which contain raw or reconstructed data for a single
event, rather than replicas of large run or ntuple files. This replication implies the use of a
table to resolve the logical, location independent object descriptor into a physical location
where an object replica can be found. For modern physics experiments the table needs to
scale to at least some 1010 objects. We argue that such a table can be efficiently implemented
by limiting the freedom of lookup operations, and by exploiting some specific properties of
the physics data model. One specific viable implementation is discussed.
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This paper is a shortened version of a long CHEP’2000 conference paper that will be published
after the conference.

1 Introduction

The CMS experiment plans to store 1 Petabyte of data per year in an object database system,
from 2005 on,which will consist of 10° events. A single event will have at least some 10 objects
associated with it, each individual object holding some raw or reconstructed data for the event.
This means that at least 10'° objects are created annually. Each of these objects can potentially be
replicated to a Regional Centre. Multiple replicas of an object can also exist at a local site when
objects are reclustered or staged from tape to disk. In both of these cases, an object location table
(OLT) is required to resolve the logical, location independent object descriptor into a physical
location where an object replica can be found.

In an object-oriented database management system, each single object in the database is
identified uniquely by a so called object identifier (OID) which can either be physical or logical.
Logical OIDs are preferred when data movement comes into play[1]: since there are no permanent
addresses stored in the OIDs, the objects can be moved freely. Additionally, object replication and
access to different versions can be supported effectively. The price for this flexibility is that the
OID has to be mapped in a lookup step to the permanent address of the object. The object location
table presented in this paper uses logical OIDs.

The aim of our OLT is to enable and optimise access to a set of physics objects which may
be partially replicated. The OLT not only provides lookup operations, but also determines which
replica to return in any lookup operation in order to minimise the access cost.

Our OLT is a generic system which can be used for all systems with replication: not only in



systems with wide area replicated data, but also for mass storage systems which stage (replicate)
from tape to disk, and for systems that replicate objects while reclustering them, like [3] and [4].

Our OLT system requires that, at least on the small scale, events are iterated over in time
order. This implies that individual objects are always accessed, and thus looked up, in the time
order of their corresponding events. By internally storing index information about the location of
objects in the same time order, the OLT can process many subsequent object lookup operations
for every single index page read from disk.

2 Thelogical OID and the job model

In our system, a logical OID is a unique identifier of a particular object that holds physics data for
a particular event. The OID has three fields, as follows.

( chunk 1D, event sequence number, type/version ID)

The first two fields, chunk ID (a chunk consists of many events) and event sequence number,
uniquely identify the event to which the object belongs. The last field, type/version ID, uniquely
identifies the object among the different objects that exist, and can be created, for the event.

For the purpose of using our OLT system, a physics job is defined as follows. Every job
specifies:

1. An event set S of the events which must be visited. We assume that each event in S is
represented by its (chunk ID, event sequence number) pair.
2. A job function, which is a piece of executable C++ code (typically a loadable shared li-
brary), to be run for each event.
For every different kind of object to be read by the job, the type/version ID of that object.
4. (Optional) If, for some type/version ID ¢, the corresponding object is not needed for every
event in S, then a smaller event set S; C S can be specified, with the understanding that the
job function will only need the objects ¢ for the events in §.

To execute the job, the system first computes the set C' of all chunks that contain one or
more objects identified in S. For every chunk in C, the system runs a sub-job over the requested
events in this chunk. This iteration is always done in event time order, so in the order of increasing
event sequence number.
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3 TheObject Location Table

Figure 1 depicts the physical representation of the whole object location table in the two top
quadrants. In the two bottom quadrants the physical objects and their distribution to different
locations is shown. In this example, three different collections (a set of replicated objects is called
a collection) exist at two geographically distributed sites named CERN and RC1. The site CERN
holds two collections, one on tape and the other one on disk. While the collection on tape contains
all possible objects of the corresponding chunk and type, the collection on disk only stores a subset
of the objects. Another subset is stored in the collection on disk in RC1.

We assume a distributed system with interfaces to the data store at CERN and RC1. Hence,
a local copy (replica) of the object location table is available at both sites (see top quadrants). We
can distinguish between five different index levels where the first four ones are replicated to all
sites where objects can be looked up and the lowest level is only stored where the physical objects
are located.

The first two index levels represent the type/version ID and the chunk ID of the correspond-
ing object. The Top Level Collection Index holds the list of collections for a single chunk.
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Figure 1: Physical representation of the whole object location table, with different levels of indexes. Arrows
indicate location dependent, physical pointers.

4 An example of sub-job execution

Our OLT automatically determines which replicated objects to access in order to minimise the

access cost. This optimisation process happens at the level of the execution of a single sub-job. As

an example to show the optimisation issues in executing a sub-job, we take a sub-job that should

access the objects with some type/version 1D 80 for four events in a set S in chunk 5. As the

chunk ID and type/version ID are fixed for the whole sub-job, we can represent the identity of the

objects needed with the event sequence numbers in their logical OIDs only. Say we need the set
0={2,4,5,8}

Say that there are four collections relevant for the job. The contents of these collections can
again be represented as sets of event sequence numbers.

collection 1 ={1,2,3,4,5,6,7,8,9,10 } located at CERN on tape

collection 2 = { 2, 5, 8 } located at CERN on disk

collection 3={ 2, 4, 8, 10 } located at CERN on disk

collection 4 = { 2, 4, 8, 10 } located at RC1 on disk

Say the (sub)job runs at RC1. We can now ask the question: which replicas should be read
by the sub-job to obtain the best overall performance? Looking at the information above, in this
case the answer is obvious:

Read object 2 from collection 4



Read object 4 from collection 4
Read object 5 from collection 2
Read object 8 from collection 4

Our OLT system automatically calculates the best answer at the start of the sub-job by
comparing the set O of objects needed to the contents of all relevant collections. To make these
comparisons, only the indexing structures shown in a topmost quadrant of figure 1 are needed.
The replicated objects themselves are only touched when the sub-job starts its iteration over the
events.

In calculating the optimum, a cost function is used for each collection in question, to calcu-
late the costs of reading a specific number of objects from that collection. Collections at different
locations (CERN or RC1), or with different access characteristics (disk or tape), have different
cost functions. The optimisation process will be fully described in the long version of this paper.

5 Conclusions

The use of replication implies the use of a table to resolve the logical, location independent object
descriptor into a physical location where an object replica can be found. For modern physics
experiments the table needs to scale to at least some 10'° objects. Our OLT obtains its scalability
by limiting the randomness of the lookup operations that are performed on the table. There is a
"locality of access’ on the lookup table, and this ensures that we can process many subsequent
object lookup operations for every single index page read from disk. Two distinct methods are
used to get this locality of access. First, locality of access is obtained by encoding chunk IDs and
type/version IDs directly into the OID, and by running sub-jobs over single chunks. Second, inside
the sub-jobs, there is a locality of access in lookup operations at the *Collection Contents Index’
(CCl) level in figure 1 is ensured by requiring event iteration to happen in time order, in the same
order at which the event sequence numbers are ordered inside the CCI representation. Apart from
scalable lookup operations, the OLT also supports scalable update operations: an insert operation
for a new (replica of a) set of physics objects can be implemented by inserting some new CCls
into the tree structure of figure 1, CCls initialised to point to the new objects.

Large parts of the OLT system have been implemented in prototypes. The prototyping
results are discussed in the long version of this paper which will be published after the conference.
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