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Abstract

In a peer-to-peer system, each peer designs its own
schema autonomously and stores data without considering any-
thing about the data of other peers. The peers may need to inter-
act with one another for relevant data. Since the involved data-
bases do not share any global schema, interaction among them
can not be done by data integration. To facilitate the interaction
among the heterogeneous databases, techniques for data coordi-
nation are necessary. These techniques need a mapping of data
between different databases. Data mapping mechanisms often
rely on simple value searches to locate data of interest. Different
peers may use different values to identify or describe the same
data. To accommodate this, data mapping is done with the help of
“mapping tables” that associate corresponding data values from
different peer domains.

It is possible to reason about the mapping tables and
check their consistency by treating them as constraints (called
mapping constraints) on the exchange of information between
peers. These constraints are not on the peers themselves, but only
on the way in which search values are translated. An algorithm
already exists for checking consistency of mapping tables. The
algorithm assumes that the peers can be arranged in a linear
path P;, P,,..., P, such that peer P; stores mapping tables be-
tween its data items and the data items of the next peer P;.;. The
algorithm doesn’t work in a situation where such a linear path
doesn’t exist among the peers. In this paper we relaxed the as-
sumption of linear path and modified the algorithm without af-
fecting its time complexity. The modified algorithm works irre-
spective of the existence of linear path among peers.
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1. INTRODUCTION

Peer-to-Peer systems are characterized by the heterogene-
ity of data sources and absence of common schema. To find
and exchange data when there is no agreement on the logi-
cal design of data, one may focus on data values and how
values correspond [3]. To search data in peers with differ-
ent universes, mapping tables are introduced, which store
correspondence between values. They can be either binary
tables containing pairs of identifiers from two different
sources or tables mapping multiple attributes. Mapping
tables permit searching across peers but don’t restrict their
operation beyond the agreement on values expressed in the
tables, so they are appropriate for use in P2P systems [2].

llluju Kiringa

School of Info. Tech. &Engineering
University of Ottawa
Ontario, Canada
kiringa@site.uottawa.ca

Abdulmotaleb El Saddik

School of Info Tech. & Engineering
University of Ottawa
Ontario, Canada
abed @discover.uottawa.ca

Kementsietsidis et al. [1] illustrate how automated tools
can help managing mapping tables between multiple
sources by inferring new mappings (that is new entries in a
mapping table). They showed that by treating mapping ta-
bles as constraints (called mapping constraints) on the ex-
change of information between peers it is possible to reason
about them and check their consistency. The consistency
problem is the problem of determining if a given mapping
constraint formula is consistent and the inference problem
is the problem of verifying if a set of mapping constraint
formula implies another mapping constraint formula. An
algorithm has been proposed in [1] for solving consistency
and inference problem. To reduce the complexity of the
algorithm they imposed some restrictions as follows:

¢ Only conjunctions of mapping constraints are con-
sidered. i.e. given a set of mapping constraints ¥ =
{1, H2s..., U}, X is said to be consistent if u; A,
A... AU, is consistent

e The algorithm is based on the notion of a path. A
path 0 is a list Py, P,,..., P, of peers such that peer P;
stores mapping tables between its data items and the
data items of the next peer in the path P;,;, where i
ranges from 1 to n-1.

e The length of the path is assumed to be small.

e The number of mapping constraints per peer is as-
sumed to be fixed and small.

e The arity of the mapping constraints are also as-
sumed to be fixed.

In situations where the above restrictions can be met, the
given algorithm can efficiently compute the cover (defini-
tion of cover is given in next section) of a set of mapping
constraints and thus can solve both consistency and infer-
ence problem. However, in practical situations, it is not
always possible to satisfy all the above conditions. In this
paper we tried to relax some of those restrictions and give a
more generalized algorithm.

In Section 2, we introduce the main terminology. Section
3 presents the existing algorithm for checking consistency
of mapping tables in different peers. In section 4 we show
how some of the assumptions of the algorithm can be re-
laxed. Section 5 offers the conclusion and points to future
work.



2. BASIC CONCEPTS

We introduce basic concepts taken from [1]. A Mapping
Table m from a set of attributes X to a set of attributes Y is
a finite set of mappings over X U Y.

A sample mapping table relating gene data in one source

to the related protein data in another source (where the gene
is said to encode for the protein) is shown in Figure 1.

GDB_id SwProt_id
Gl P9
Gl Q62
G2 P40

Figure1. Mapping table

The mapping table is not necessarily a function, there may
be many proteins related to a gene. Even a mapping table
relating gene identifiers may be many to many.

Mapping constraints of the form : X —" Y is said to
be satisfied by a tuple ¢ if X-value and Y-value of ¢ are asso-
ciated in mapping table m. A relation r is said to satisfy a
mapping constraint if every tuple of the relation satisfies the
later.

Mapping constraint formulas (MCF) can contain conjunc-
tion, disjunction or negation of mapping constraints. The
grammar of the language for MCFs is defined as follows:

MCF := (MCF A MCF ) | (MCF v MCF ) | =MCF | u
where u is an atomic mapping constraint.

A definition of what it means for a tuple to satisfy a MCF
@, defined over a set of mapping constraints is given below.

If @ =u,thentk Diff t F .

If @=—, then t kF Piff it is not true that 7 F &,
If &= &, A Dy, thentk @iff tkF D, and t F D,.
If &= @;v Dy, thentk Qiff tF D, ort k D,

To infer new mapping tables means to find the set of all
mapping tables that are valid over a specific set of attrib-
utes. To do this, knowledge from the mapping tables avail-
able in the network of peers should be combined. Mapping
constraints can be used to infer additional mappings that are
not explicitly represented in any peer.

The consistency problem is the problem of determining if
a given mapping constraint formula is consistent and the
inference problem is the problem of verifying if a set of
mapping constraint formulas imply another mapping con-
straint formula. The consistency and inference problems for
mapping constraint formulas are equivalent. To check
whether a set of mapping constraint formula ¥ implies ® it
can be verified whether =®AAg @ is not consistent. Con-
sistency problem for mapping constraints is NP-complete.

A valuation p over a mapping table m is a function that
maps each constant value in m to itself and each variable v
of m to a value in the intersection of the domains of the

attributes where v appears. Furthermore, if v appears in an
expression of the form v - S, then p(v) £ S.

Extension of a mapping constraint ext(4) is a set of valua-
tion of the tu%es of the mapping table. A mapping con-
straint 4: X ——Yis said to be a cover of a set of mapping
constraints . over set of attributes U if:

1. X is consistent if and only if there exists t€
ext(u); and

2. For every mapping constraint f’ :X LY,E Ew
if and only if ext(u) < ext(1’).

Partition is the key concept of the algorithm in [1]. If P
and P’ be two peers and Xpp- be the set of constraints be-
tween these two peers, a partition I is a subset of Xpp and
is constructed as follows. Consider a graph Gpp = (V,E),
where V contains one vertex for each constraint in Ypp- and
there is an edge between two constraints if their attribute
overlap. Partition II contains all the constraints of Xpp:
whose corresponding vertices belong to the same connected
component of Gpp-.

Inferred partitions involve constraints of more than one
peer. A partition graph G = (Vp, Epp) is constructed where
Vi contains one vertex for each partition in the union of
partitions of the associated peers. There is an edge between
two partitions if their attributes overlap. Each connected
component of graph Gy become an inferred partition. Ex-
ample of partition and inferred partition will be given in the
next section.

3. EXISTING ALGORITHM

The existing algorithm takes as input a path @ of peers
Py, P,, P3,...P,, a set of mapping constraints X, and two sets
of attributes X and Y in peers P, and P,. Output is a map-
ping constraint that is a cover of X.To check whether a set
of mapping constraints X infers a new mapping constraint
W, the algorithm is run to find the cover u and it is checked
whether ext(u) < ext(1’). To check whether X is consistent
it is enough to run the algorithm to find the cover pu and
check whether ext(u) is nonempty.

The algorithm runs on top of a prototype peer-to-peer
data management system in which each peer manages a
collection of data. Each peer autonomously chooses a logi-
cal design and physical organization for the data.. The algo-
rithm distributes the computation among the peers, and de-
livers the results in a streaming fashion (as soon as they are
available). The algorithm has two phases: information
gathering phase and the computation phase. The algorithm
can be presented by the following example.

Let us consider a path 8 = Py, P,, P, P, of four peers. The
mapping constraints X in this path are shown in figure 2.
Peer P; has attributes A; (i€ [1,6]), P, has attributes B;
(i€ [1,6]), P; has attributes C; (i€ [1,4]), P; has attributes
D; (i€ [3,4]). The aim of the algorithm is to compute the
cover u between the attributes of per P, and peer P,.
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Figure 2. A path 6 = P4, P2, P3, P4 of four peers

During the information gathering phase peers compute
their partitions and send attributes for each of their parti-
tions to the next peer. The next peer computes its own parti-
tions and using information received from the previous peer
it computes inferred partitions. Each partition will contain
attributes which overlap. This process will propagate to the
last peer. e.g. Figure 3 depicts the partitions of peers P, and
Figure 4 shows inferred partitions over P, and P;.
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Figure 3. Partitions of Peer P,
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Figure 4. Inferred partition over P; and P2

The computation phase starts from the penultimate peer
where cover between last and the second last peers is com-
puted. The cover only involves the attributes of the two
peers which appear in the inferred partition. The mappings

belonging to the cover are streamed to the peer to the left.
Using the information from the inferred partitions that peer
determines with which of its own partitions the incoming
stream of mappings should be associated. Then it uses this
information to compute a cover between the last peer in the
path and itself. A local algorithm is used to compute the
cover. The mappings of this cover are then passed to the
peer which is a predecessor to it along the path. This proc-
ess continues until the first peer gets the cover between the
second peer and the last peer. In the final step the first peer
generates cover between its own attributes and those of the
last peer in the path.

4. GENERALIZATION OF THE ALGORITHM

The algorithm in the previous section makes some as-
sumptions to reduce computation complexity. In this sec-
tion we show that some of the assumptions can be relaxed
to generalize the algorithm without affecting its complexity.
We show how consistency among the mapping tables of
some peer can be determined when the peers do not form a
linear path. We also show how to deal with a long path.

4.1 RELAXING THE ASSUMPTION OF EXISTENCE
OF A LINEAR PATH

Let us consider some cases where the peers don’t form a
single linear path as depicted in the following figures. An
arrow between two peers in the figures indicates that the
peer at the tail of the arrow contains mapping tables be-
tween the attributes of the two peers connected by the ar-
Tow.

Casel: Dealing with a Tree-like path

QadC

Figure 5. Tree-like path

In this case the peers form a tree. But we can get two lin-
ear paths from the tree as P1-P2-P3-P5 and P1-P2-P4-P6
and check the consistency independently along the two
paths. If the cover between P1 and P5 along the path P1-P2-
P3-P5 is nonempty and the cover between P1 and P6 along
the path P1-P2-P4-P6 is also nonempty, we can conclude
that all the mapping tables in the peers P1, P2, P3, P4, P5
and P6 are consistent. Since P3 and PS5 are not linked to P4
and P6, there is no way for them to be mutually inconsis-
tent. For this reason no cross-checking is necessary among
the peers of two different branches of a tree-like structure
among the peers.

Case 2: Dealing with a Graph-like path
A Graph-like path is shown in Figure 6 in the following
page.



Figure 6. Graph-like path

In this case the solution is not so simple. Though the
peers P3 and P4 are not directly connected, they may be
mutually inconsistent. To show this by an example let the
relations and the mapping tables of the peers be as in Fig-
ures 7 and 8:

P1 P2 P3 P4 P5
A B C D E

al bl cl dl el
a2 b2 c2 d2 e2

Figure 7. Relations of the peers

P1 P2 P3 P4
AB|B|C |([BD |[|[CIE| D |E

al|bl | |bl |cl ||bl|d2 |[cl|el]| |dl |el
a2(b2| |b2|c2 ||b2|dl |{c2|e2| |d2 |e2
Figure 8. Mapping tables in the peers

For finding the cover between P1 and P5 there are two al-
ternative paths: P1-P2-P3-P5 and P1-P2-P4-P5. The covers
along the two paths are:

A |E A [E
allel al|e2
a2le2 a2lel

Figure 9. Cover along
the path P1-P2-P3-P5

Figure 10. Cover along
the path P1-P2-P4-P5

The two covers themselves are mutually inconsistent.
This means that when we consider all the mapping tables at
a time they are inconsistent though we were able to find a
non-empty cover between the end peers along two different
paths. In situations where there exist alternative paths be-
tween two nodes, the algorithm can be used to find cover
between the two nodes along all possible paths. Then we
can check whether the covers along different paths are
themselves consistent. If yes, we can conclude that all the
mapping tables are consistent, otherwise they are inconsis-
tent. This extra checking can help the algorithm to cope
with a graph-like path as given in case 2.

It is obvious that the trick to deal with tree-like path or
graph-like path does not cost much overhead and does not
increase the overall time complexity.

4.2. RELAXING THE ASSUMPTION OF SHORT
LENGTH OF PATH

One of the assumptions of the algorithm is that the length
of the path of peers has to be small. This assumption is
practical. But in case the path is long, the algorithm can be
modified to manage the situation in a “divide and conquer”
fashion. A long path can be subdivided into manageable sub
paths as shown in Figure 11.

Sub path 2
Figure 11. Dividing a long path into manageable parts

In the 1* phase the algorithm can be applied to find cov-
ers for each sub path. Cover of the covers of each sub path
is then calculated by running the algorithm in the 2™ phase.
e.g. consider a path P,P,,...P;,P;,y,...P,. The path can be
divided into two sub paths: P,,P,,...P; and P;,P;,4,...P,. Peer
P; is common to both sub paths. We can run the algorithm
to compute the cover between P, and P; along sub path 1.
P, will store the cover of sub path 1. The algorithm may be
run in parallel to find the cover between the peers P; and P,
along sub path 2. Peer P; would contain the cover of sub
path 2. Now the algorithm can be run again to check
whether the covers in P; and P; (which were computed in
the first phase) are consistent with each other. If they are
consistent we can conclude that mapping tables in the
whole path are consistent.

Division of a long path into manageable sub paths and
combination of the partial results to get the final result de-
mands very little overhead which is acceptable for the sake
of generalization of the algorithm

5. CONCLUSIONS

The algorithm proposed in [1] solves problems of manag-
ing mapping tables efficiently under some assumptions. We
tried to relax some of the assumptions to make it more gen-
eral. The assumption about the existence of a linear path
between peers was relaxed. In case when peers form a tree,
we showed that in order to check the consistency of the
mapping tables it is enough to check the consistency of
mapping tables of each branch of the tree. When there ex-
ists more than one path between two peers it is necessary to
calculate cover along all the paths and check whether the
covers themselves are consistent.



Relaxing the assumption about path’s length we showed
that by dividing the path into sub-paths, running the cover
algorithm within each sub-path, and checking the consis-
tency of those covers, it is possible to use the proposed al-
gorithm for a long path.

Only conjunctions of mapping constraints are considered
in the algorithm. There is scope for modification of the al-
gorithm to make it capable to cope with the disjunction of
the mapping constraints too.
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