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Abstract. Data freshness has been identified as one of th& mmportant data
quality attributes in information systems. This orance increases specially in the
context of systems that integrates data of a lsegy@f autonomous data sources. In
this paper we describe a quality evaluation frantkwbat allows evaluating the
freshness of the data delivered to the user intaidgegration system. Concretely,
we show the practical use of the framework in défe application scenarios and
we discuss possible improvement actions for tha mfeiegration system in order to
fulfill user freshness requirements. In order tasirate the approach, we discuss
data freshness evaluation issues with several deamp

1 Introduction

Data freshness has been identified as one of tret important attributes of data quality for
data consumers (Shin 2003)(Wang et al. 1996). 8Sgalty, the increasing need to access to
information that is available in several data searintroduces the problem of choosing between
alternative data providers and of combining datéradifferent freshness values (Naumann et
al. 1999). This paper deals with data freshnestuatian in the context of a Data Integration
System (DIS) that integrates data from differedielpendent data sources and provides the users
with a uniform access to the data.

Data freshness represents a family of quality factdVith regard to data freshness, two
factors have been proposed in the literata@rency that describes howtale is data with
respect to the sources atchelinesshat describes howld is data. In (Bouzeghoub et al. 2004)
we analyze these factors and several metrics peojplmsmeasure them.

In (Peralta et al. 2004), we proposed a frameworkahalyzing and evaluating data freshness
based on a calculation dag which abstracts a wawkif integration activities. After a brief
recall of this framework, this paper shows howftlaework can practically be used in different
application scenarios and how the data integratystem can be improved in order to fulfill user
requirements in terms of data freshness.

The rest of the document is organized as follovextiSn 2 briefly describes the data quality
evaluation framework. Section 3 discusses how te thlés framework through different
application scenarios. Section 4 focuses on thsilplesimprovement actions to put on the DIS
workflow to achieve user requirements. Finally,tgec5 concludes with our general remarks.
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2 The Data Quality Evaluation Framework

In this section we briefly describe the framewaook data quality evaluation. The framework
models the DIS processes and properties and eealtla quality (particularly the freshness) of
the data returned to the user.

The framework consists of: (i) a set of availabadsources, (ii) a set of classes of user
queries, (iii) the DIS integration processes, é\et of properties describing DIS features (costs,
delays, policies, strategies, constraints, etcd gnality measures, and (v) a set of quality
evaluation algorithms.

The DIS is modeled as a workflow in which the atité perform the different tasks that
extract, transform and convey data to end-usersh Berkflow activity takes data from sources
or other activities and produces result data that lse used as input for other activities. Then,
data traverses a path from sources to users whierransformed and processed according to the
system logics.

The framework represents the DIS dataflow by medreslabeled calculation dag (LCDag)
that describes the involved activities, their ipututputs and properties. Formally, a LCDag is a
dag G = <V, E, Ppropvalue- defined as follows: The nodes in V are of thrgees: source
nodes(with no input edges)arget nodegwith no output edges) arattivity nodegwith both
input and output edges), which represent sourcesy, queries and DIS activities respectively.
The edges in E represent that a node is calcufeded another (data flows in the sense of the
arrow). P is a set of properties describing DISUess and quality measures, gmmdpvalueis a
partial labeling function that assigns a proper®yue to a node or edge of the dag. Figure 1
shows the LCDag graphical representation (nodesegiggs are labeled witbroperty=value
pairs). The three LCDags of figure 1 are discussesction 3.2.
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The quality evaluation is performed by evaluatitgoathms. The input information needed
by the evaluation algorithms is contained in theDa@. It consists of property values,
specifically, source quality values (labels of smunodes) and DIS property values (labels of
activity nodes and edges). The algorithms takengsitia LCDag, combine property values
calculating freshness values corresponding to #te keturned by queries, and return the LCDag
with an additional property (corresponding to tla¢adfreshness quality factor).

3 DataFreshness Evaluation

In this section we describe the general evaluaimproach. We firstly give an intuitive idea
of the freshness calculation strategy and we desai base evaluation algorithm. Then, we
discuss the instantiation of the base algorithmiifferent application scenarios.

3.1 General Approach

The freshness of the data delivered to the useerdlp onsource data freshnesghe
freshness of source data at extraction time) taa ah theexecution delaypf the DIS processes
(the amount of time from data extraction to dativdey). The execution delay is influenced not
only by the processing cost of each activity bsbaby the delays that can exist between the
executions of consecutive activities.

We briefly describe such properties as well as egpectations:

— Processing costlt is the amount of time, in the worst case, thatactivity needs for

reading input data, executing and building resattad

— Synchronization delayit is the amount of time passed between the db@wiof two

consecutive activities.

- Actual freshnesslt is a measure of the freshness of data in acepuvhich can be

provided by the source or can be estimated or bedibg the DIS.

— Expected Freshnesk is the desired data freshness specified byutee. It measures the

extent to which the freshness of the data is apjatgpfor the task on hand.

Our base algorithm takes into account such pragertt traverses the dag, from sources to
queries (the sense of the data flow), calculatimgfteshness of the data produced by each node.
The algorithm idea can be sketched as follows:

— For a source node A:

Freshness(A) = getActualFreshness(A)

- For a non-source node A, and the set of all itdgressors P:

Freshness(A) = combine {Freshness(B) +getSyncDB|&y(/B O P} + getProcCost(A)

For source nodes, data freshness is the sourcal dotshness. For the other nodes, the
freshness of the data produced by a node is cédcubes the freshness of data at the moment of
reading it (the freshness of data produced by thdgzessor) plus the synchronization delay plus
the processing cost. When a node reads data freeradenput nodes, input freshness values
should be combined, for example, taking the maxinvaiue.
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We have implemented a data freshness auditing thatl implements the framework and
allows evaluating the freshness of the data retutaghe user in different application scenarios
(Fajardo et al. 2004). Next section illustratesapproach with several examples.

3.2 lllustrating Examples

Consider three simple DIS that deal with informatébout cinemas and films:

O DIS;: A mediation system that answers queries abouoisfiatnd the cinemas where they
are in billboard. Typical queries are “Where casek a film?” or “Which films are in
billboard now?”

O DIS;: A web portal that caches information about cingraad the availability of places
for their performances. Typical queries are “Whare available places to see a film?” or
“How many places are available in a cinema?”

O DIS;: A data warehousing system that stores statistarmation about films, the number
of persons that watch each film and their opiniohgiical questions are “Which films
have the best ranking this week?” or “Which filmostd | watch?”

Users of DI$ and DIS are concerned wittimelinessbut users of DISevaluatecurrency

Figure 1 shows a simplified version of the thre&dccessing to a small number of sources.
DIS; extracts film information from AlloCiné (via wrapp A;)) and cinema information from
UGC and CinéCité (via wrappers, And A). Activity A, merges the information from both
cinema sites and activitysAoins film and cinema information. Di®xtracts place information
from UGC and CinéCité. Activity Bis the cache core, that receives user requestasisdthe
sources when the cache needs refreshment (invaliagpers B and B). DIS; extracts film
audience statistics from AlloCiné (via wrappe)) @nd spectator’s opinions from CineCritic (via
wrapper G). Activity C; reconciles data from both wrappers and activiGgsand G perform
aggregations and calculate statistic data.

In the LCDags of figure 1, source nodes are labeligll their actual freshnesgarget nodes
are labeled witlexpected freshnesactivity nodes are labeled wigltocessing costéP-Cost) and
edges are labeled witkynchronization delay$S-Delay). In next section we discuss how to
obtain such values. Values are expressed in day3I& and DIS but in minutes for DIS Note
that the “zeros” represent negligible values.

The base evaluation algorithm adds fiteshnesgproperty to all the nodes. It first calculates
freshness for source nodes, as its source acesthirfess (e.g. 1, 30 and 365 days for source
nodes of DIg). Then, the algorithm traverses the dag calcudattie freshness of a node adding
the predecessor freshness plus the synchronizaélay plus the processing cost. For example,
for activity B, freshness is 2 minutes (0 +0 +2 =2). When a nadeskveral predecessors, their
freshness values are combined. For example, fonitgd€ 3 freshness is the maximum between
(1 +0 +2 =3) and (14 +0 +2 =16), i.e. 16 days. Heaveusers of Digexpect to know how fresh
is film information, independently to when the cime data was last updated. BI&ssigns
priorities to the nodes and the combination functakes the freshness value of the predecessor
with highest priority (e.g. the freshness gfis 1 day (1 +0 +0).
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3.3 Instantiating the Framewor k

Data freshness is evaluated based on the sourcel @ceshness, processing cost and
synchronization delay properties. But the relevaofcthese properties depends on the particular
scenario considered. A first remark is that its nitagle should not be considered in the absolute
but compared to freshness expectations. For examgpégs of DI$may tolerate data freshness
of “7 days” so, the processing costs and synchatioz delays (“some minutes”) are negligible;
however, users of DbSequire “extremely fresh” data, so, the processiosis of activities could
be relevant. In addition, in the scenarios whem fticus is data currency, the source actual
freshness is not relevant. For example, in ,DiS does not matter “how old is data in the
sources”; the focus is in retrieving the same tlzhis stored in the sources.

Another aspect is how to calculate the source afteshness, the processing delay and the
synchronization delay. Depending on the scenaifterdnt DIS properties may influence their
calculation. For example, in DJ$he processing cost of the wrappers is dominagethé cost of
communicating with the sources. In RI&d DIS the materialization/caching of data introduces
important synchronization delays, so the refreshnpaiicies and frequencies are important
properties to take into account. In virtual systere®IS, these properties have no sense.

We propose a method for instantiating the baserithgo for adapting to the specific
properties of a given scenario. The mechanism stmgi overloading the following abstract
functions: getProcCost getSyncDelayand getActualFreshnessvhich calculate the respective
properties according to the specific scenario. &ample, for DI$ the processing costs and
synchronization delays are negligible so the rebgedunctions can return zero. However,
source actual freshness is relevant;gagActualFreshnedginction can estimate the values from
source update frequencies, for example. For; 8 relevant processing costs are due to the
reconciliation process (activitys§; which may require human interaction (to solvaftiots or
errors) and can last two days. Costs can be estiimating cost models or statistics or can be
filled in by experts. DIgmaterializes the data produced hyadd G; the synchronization delays
with target nodes can be bounded by the refreshfreguiencies. Theombinefunction can also
be overloaded. For example, RI&kes the maximum of input nodes freshness whilg, D
combines input values considering node prioritéssillustrated in previous section.

4 Data Freshness Enfor cement

The system should provide at the query level tha d@shness expected by the users. To
know if user freshness expectations can be achibyatie DIS, we can calculate the freshness
values for target nodes and compare them with tegpected by users. If freshness expectations
are not achieved, we have to improve the systengmlés enforce freshness or negotiate with
source data providers or users to relax constrdimthis section we discuss these ideas.

4.1 Improving DISdesign

Observe that for each node, it can exist a patim fo source for which we add all
synchronization delays and processing costs tosthiece actual freshness and we obtain the
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freshness of the node. For example, the freshrfesstigity Cs can be calculated adding source
actual freshness, processing costs and synchrimmigadelays in the path [CineCritie,Cs,Cs).
This path is called theritical path and represents the bottleneck for the freshndsslaton.
The existence of the critical path depends on #fanition of thecombinefunction; taking the
maximum of predecessors’ freshness, the criticéd plvays exists.

The freshness of the data delivered to the userbeaynproved optimizing the design and
implementation of the activities in order to redubeir processing cost, or synchronizing the
activities in order to reduce the delay betweemth8ometimes the changes can be concentrated
in the critical path that slows the system. Otheres a complete reengineering of the whole
system is necessary, either changing the algorithha implement the activities, the
synchronization policies, the decisions of whichad@ materialize or even the hardware. The
synchronization of some activities implies findithg most appropriate execution frequencies for
some activities respecting possible source acaasstraints. The main difficulty resides in the
synchronization of activities having several inputth different refreshment policies.

The auditing tool allows identifying the criticahiin, changing property values in order to test
alternative configurations and re-executing thelwatin algorithms to see the effects of the
changes. In this sense, the tool brings an aggregdtie to the auditing functionalities.

4.2 Selection between alter native implementations: bottom-up propagation

If the design of the DIS cannot be improved, aeraktive is negotiating with users to relax
freshness expectations. The freshness values atddulising the evaluation algorithm can help
users to know the freshness that the DIS can gtewdor the returned data.

Observe that the evaluation algorithm propagateshfress values from sources to queries,
i.e. a bottom-up propagation (following the dateflof the DIS).

A direct application of this bottom-up strategy ibe selection between alternative
implementations of the system. The DIS can offer tisers several alternative processes to
answer their queries and users can choose (orltBedh choose for them) the process with the
best quality. For example, even improving actigitiesign and synchronization, the freshness
expectations of th®pinionsquery cannot be achieved because of the actusthirfess of the
CineCritic source. Considering an alternative process thaiegiether sources can be a solution.

In this line, we have used the freshness evaluatohwithin a system that automatically
generates mediation queries. The tool was usedeVatuating the quality of the generated
queries, both in virtual and materialized scenaiiib®rder to select the best one for answering a
given user query (Kostadinov et al. 2004).

4.3 Selection of alter native data sour ces. top-down propagation

Another alternative to enforce freshness is netiofjawith source data providers to relax
source constraints. Sometimes the system hardvearebe powered to support more frequent
accesses to the sources. Other times, this alteznatplies demanding and eventually paying
for a better service, for example, receiving daith & lower actual freshness.
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Analogously to the bottom-up propagation, we caoppgate freshness expectations from
queries to sources (subtracting processing codis sgnchronization delays). The top-down
propagation algorithm is similar to the bottom-upepbut thecombinefunction must consider
nodes with several successors. The propagatechirsestexpectations can help the DIS designer
to know the freshness that he must ask the sowosdder for.

A direct application of this top-down strategyh& tselection between alternative data sources
to achieve freshness expectations. For examplpageiing down freshness expectations for the
Opinionsquery we obtain a bound (6 days) for the actuahfness of the source providing user’s
opinions. This avoids considering source€ameCritic that have greater actual values.

5 Conclusion

In this paper we addressed the problem of evalgadaia freshness in a data integration
system. We presented a quality evaluation framevem its practical use for evaluating data
freshness in different application scenarios. Theméwork was implemented in a quality
auditing tool that can be instantiated for evah@tiata freshness in a concrete scenario. The tool
supports the top-down and bottom-up propagatiategies in order to help the user to improve
freshness.

We are now working in the development of a toof&itimplementing the instantiation in a
semi-automatic way. In the future, our goal isa@afcont the results with user quality profiles.
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