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Abstract

Product data integration is an essential issue for many 
e-commerce interoperable business systems. Core to this 
issue is how to maintain semantic consistency between 
heterogeneous product data that are semantically differ-
ent in structure, concept and context. To resolve the issue, 
this paper proposes a transparent collaborative integra-
tion approach, which is built on a layered framework of 
messaging, structure, concept and collaboration. The key 
to this framework is three collaboration engines, which 
resolves semantic consistency issues between millions of 
contextual vocabularies of SMEs. 

1. Introduction
Product data integration [3] is an essential issue for 

many e-commerce interoperable systems. Core to this is-
sue is how to maintain semantic consistency of product 
data between millions of small and medium sized enter-
prises (SMEs) so that SMEs could understand and inter-
operate with each other. Consider, for example, there are 
two web-distributed SMEs who have individually de-
signed their ad hoc product data on their local vocabular-
ies. Suppose that the two SMEs are trying to collaborate 
with each other to sell and buy refrigerators. Now if 
SME1 (buyer) encodes the refrigerator in Voc1 as: 

<product name = “fridge”> 
<description>

<color>silver</color>
<price>USD560</price> 
<dimension>295/8” 331/4” 663/4”</dimension> 
<energyConsumption>228 kw/h/year</energyConsumption> 

</description></product> 

and SME2 (seller) encodes the refrigerator in Voc2 as: 

<product name = “freezer”> 
  <attribute name = “CLR”>silver</attribute> 
  <attribute name = “SIZE” type = “compound”> 
     <attribute name = “W”>75.5 cm</attribute> 
     <attribute name = “L”>84.46 cm</attribute> 
     <attribute name = “H”>169.55 cm</attribute> </attribute> 
  <attribute name = “PRC”>550</attribute></product>. 

The interoperation between Voc1 and Voc2 immediately 
becomes an issue. It is clear that the two pieces of ad hoc 
product data conflict in syntax (e.g. different message 
structures in schema level), the semantics (e.g. term con-
flicts in product, attribute and value naming) and context

(e.g. different conceptualization such as usd560 and 550). 
Without proper integration solutions, the two SMEs may 
have to manually find each other, physically communi-
cate in paper, and face-to-face exchange information. 

In response to the above issue, three relevant strategies 
can be adopted: standardization strategy [1], mediation 
strategy [6] and collaboration strategy [4]. While these 
strategies have different pros and cons, this paper adopts 
collaborative strategy to integrate millions of distributed 
SMEs that ad hoc design their product data. With this 
strategy, we propose a transparent collaborative integra-
tion (TCI) approach to solve the issue, which aims to col-
laboratively and transparently design common product 
data that can be used to map heterogeneous ad hoc prod-
uct data between semantically different SMEs. 

The remainder of this paper is arranged in the follow-
ing. Section 2 proposes a novel TCI framework. Section 3 
describes the collaboration engines that solve the collabo-
ration issue. The final section concludes the paper and 
provides the future work. 

2. TCI Framework 
The novel TCI framework is shown in Fig. 1, which 

consists of four components: transparent messaging (TM), 
structure repository (SR), concept repository (CR), and 
collaboration engines (CEs). The design thought comes 
from open protocol (e.g. XML SOAP), semiotics (e.g. 
dyadic sign model [7]:67), classifier-based product cata-
logues (e.g. www.UNSPSC.org), common information 
space (e.g. [2]) and collaborative editing systems. 

Messaging layer. The TM in messaging layer is re-
sponsible for sending and receiving collaborative mes-
sages. Its need is that SMEs are web-distributed. Each 
may have different platform of hardware and software. 
Thus, a transparent messaging mechanism for message 
exchange is required. In TCI approach, we adopt SOAP 
as the mandatory message envelope for exchanging col-
laborators’ collaborative operation documents and SME 
users’ reified product documents. This enables collabora-
tive operations and exchanging information to be encap-
sulated in SOAP body for cross-platform communication. 

Structure layer. The SR provides structures for col-
laborative messages. Structure is a container of meaning-
ful concepts. It is similar to schema, but it itself has no 
meaning and is only a data representation structure. With-
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out specific concepts conveyed in it, it is meaningless and
non-useful. Structure is important for interoperation be-
tween schematically different SMEs. If there is no struc-
ture to be shared or mapped between SMEs (e.g. <name
id=“”> and <concept iid=“” annotation=“”/>), meaning-
ful concepts have nowhere to be conveyed and mediated
between parties.

Collaboration Layer

Structure Layer

Concept Layer

Transparent
Messaging

(TM)

Structure
Repository

(SR) Voc Structure Voc Structure

Messaging Layer

Collaboration
Engine
(CE) Designer Designer

Sending Receiving

Concept
Repository

(CR)

Fig. 1: A transparent collaborative integration framework

In TCI framework, we adopt an XML Business Infor-
mation (XBI) specification (the earlier version is in [5])
as the structure for product information storage such that:

<!ELEMENT voc (c*)> 

<!ATTLIST voc an CDATA #REQUIRED  iid ID #REQUIRED>

<!ELEMENT c (c*,val?)> 

<!ATTLIST c  iid ID #REQUIRED an CDATA #REQUIRED

     co CDATA #REQUIRED  g CDATA #REQUIRED> 

<!ELEMENT val (#PCDATA)> 

<!ATTLIST val  cvt CDATA #IMPLIED

dt CDATA #REQUIRED>. 

where structure symbols are voc (product vocabulary), c
(concept), an (annotation defining voc or c), iid (identifier
identifying concept c), co (connotation defining the num-
ber of sub-concepts), g (concept group), val (value defin-
ing reification of concept), cvt (conversion function con-
verting concept from one context of SME to another, and 
dt (data type of reified concept value).

XBI structure constrains that all product information
must be structured in XBI format so that collaboration 
operations between collaborative parties (i.e. both SMEs
and vocabulary providers) can transparently operate on
the structurally same product documents.

Concept layer. The CR is a concept storage compo-
nent, recording the concepts [5] agreed between collabo-
rative parties into a conceptualized XBI vocabulary (i.e. a 
result of incremental instantiation of XBI DTD without
reifying value structure val). A conceptualized XBI vo-
cabulary is a set of concepts shown below:

<voc iid="c" an="CONEX Common Product Vocabulary">
……

   <c iid="c.52.14.15.1" an="Refrigerators" g="product" co="*"> 
    <c iid="c.52.14.15.1.2" an="price" g="attribute" co="3">
     <c iid="c.52.14.15.1.2.1" an="currency" g="Scalar" co="0"/>
     <c iid="c.52.14.15.1.2.2" an="value" g="Value" c="0"/> 
     <c iid="c.52.14.15.1.2.3" an="quantity" g="Unit" co="0"/></c>
    <c iid="c.52.14.15.1.3" an="colour" g="Constant" co="0"/> 
     ….. 
    </c></c></c></c></c></voc>. 

The example shows a category of concepts mutually
agreed and recorded by collaboration mechanism as a 
common product vocabulary (ComVoc) between vocabu-
lary providers. This ComVoc is the precondition of fur-
ther collaboration between vocabulary providers and 
SMEs to produce local product vocabulary (LocVoc) in 
SMEs.

Collaboration layer. The CE component is a collabo-
ration mechanism enabling collaboration between product
data designers. It includes collaborative engines (CEs),
which are interconnected using a peer-to-peer (P2P) and 
dominator-to-follower (D2F) architecture in Fig. 2, 
where common vocabulary (ComVoc) in P2P network is
semantically replicated (e.g. given voc1(firm1):
1.52.14.15.1 refrigerator and voc2(firm2):
1.52.14.15.1 rèfrigèrateur, then voc1 and voc2 is se-
mantically replicated through concept identifier
1.52.14.15.1), and local vocabularies (LocVoc) in D2F 
network are semantic subsets of ComVoc in heterogene-
ous annotations (e.g. given voc1 (firm1): 1.52.14.15.1 re-
frigerator and 1.52.14.15.2 ovens, and voc3(firm3):
FH345 fridge and map (1.52.14.15.1, FH345), then 
voc3 is a semantic subset of voc1).
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Fig. 2: Peer-to-peer and dominator-to-follower architecture

In P2P/D2F architecture, ComVoc and LocVoc are 
conceptualized from XBI DTD. ComVoc records P2P col-
laboration outcome between ComVoc designers (often 
from vocabulary providers). LocVocs records D2F col-
laboration results between LocVoc designers (i.e. the fol-
lowers from SMEs) and ComVoc designers (i.e. domina-
tors from vocabulary providers). This architecture pro-
vides a collaborative framework through collaboration
engines for linking semantically heterogeneous ad hoc 
product data of different SMEs such that: LocVoc1

ComVoc1  ComVoc2  LocVoc2. For example, c(p112,
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fridge) c(1.52.14.15.1, refrigerator)  (1.52.14.15.1,
)  (x34, ).

Nevertheless, to design such a collaboration mecha-
nism, some important design issues need to be resolved.

Issue 1: How to maintain semantic consistency be-
tween different ComVocs where concept identifiers may
conflict? For example, ComVoc1 generates a child con-
cept identifier iid=“1.52.14.15.1.1” and assigns a concept 
definition “colour” under the parent concept “fridge”
identified by 1.52.14.15.1. Simultaneously, ComVoc2

generates a child concept identifier iid=“1.52.14.15.1.2”
and assigns a concept definition “color” under the parent
concept “fridge” identified by 1.52.14.15.1. The result is
that two identifiers 1.52.14.15.1.1 and 1.52.14.15.1.2 of
ComVoc1 and ComVoc2 have assigned same concept defi-
nitions and thus semantically conflict.

Issue 2: How to handle the offline issue of certain CE 
of ComVoc? For example, at time=1, both Voc1 and Voc2

have <c iid=1.52.14.15.1 an = “refrigerator”/> while at 
time=2, Voc2 is in offline status but Voc1 has changed to
<c iid = 1.52.14.15.2 an = “refrigerator”/>. This issue 
causes the semantic inconsistency between the offline
ComVoc and online ComVoc.

Issue 3: How to consistently map contextual vocabu-
laries (LocVocs) onto a common vocabulary (ComVoc),
e.g. LocVoc: <c iid=“DH55” an = “fridge”/> vs. ComVoc:
<c iid=“1.52.14.15.1” an=“refrigerator”/>? This needs a
solution that can map LocVocs onto comVoc and person-
alize local concept identifier of LocVocs.

3. Collaboration Engines 
To resolve the above issues, we reconstruct P2P/D2F

architecture into a new centrally-managed P2P/D2F archi-
tecture shown in Fig. 3 with three different collaboration
engines: universal collaboration engine (UCE), common
collaboration engine (CCE) and local collaboration en-
gine (LCE), where they respectively resolve the issues of
concept identifier conflicts, offline inconsistency, and
contextual local vocabularies. 
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Fig. 3: Centrally-managed P2P/D2F architecture

In this new architecture, the three types of connected
collaborative engines build the collaboration mechanism
of TCI framework and enable semantically heterogeneous
product information interoperable. In this mechanism, the
CCEs work together to form a P2P collaborative network
through the common-to-common maps (CCMap) and the
UCE coordination. A collection of LCEs connects to a
certain CCE to create a D2F collaboration network
through the local-to-common maps (LCMap).

Universal collaboration engine. The UCE is designed
to resolve concept identifier conflicts through coordinat-
ing CCEs. As described before, multiple ComVocs are 
semantically replicated, which means each CCE has a 
same copy of ComVoc identifiers. When multiple CCEs 
simultaneously work on a certain concept of vocabulary
tree, concept identifier conflicts happen. To resolve the
issue, we introduce a concept node locking mechanism,
shown as in Fig. 4, in UCE. This mechanism creates a 
new ComVoc with an additional lock attribute on each 
concept such that: 

<c iid = “” an = “” lock = “on | off”/>.
This special vocabulary is centrally managed as a dedi-

cated lock tree in a separate web server, where all CCEs 
can access. When a CCE needs to create a child concept,
it issues a lock notice to the dedicated lock tree where the 
corresponding sibling concepts are marked as locked. The 
locked means that when the concept node is locked, other
CCEs cannot create the same nodes in their own CCEs.
However, they can still issue locks under the existing 
child nodes of the locked nodes to create the grandchil-
dren concepts by issuing locks on grandchildren concepts,
shown as in Fig. 4 (details will be presented elsewhere).

1

1.1 1.2

1.1.1 1.1.2 1.2.1

1.2.1.1 1.2.1.2

1.2.2

1.1.1.1

Children of 1.2 are locked by CCE 1
for creating child concept "1.2.2"

Children of 1.1.1 are locked by CCE 2
for creating child concept "1.1.1.1"

Children of 1.2.1 are locked by Site 3
for creating child concept "1.2.1.2"

Fig. 4: Concept node locking mechanism

Simply, an existing node can be issued a set of locks
on all its children, which do not affect lower level de-
scendant nodes. The granularity of the concept node lock
is relatively small. The reason why the sibling nodes of 
the node being created should be locked is that multiple
child nodes may be created but be assigned the same an-
notated meanings. This will create redundant concepts 
under the same parent concept and cause semantic incon-
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sistency in concept classification, which will further de-
velop many heterogeneous sub concept classifications. 

Common collaboration engine. A CCE of a P2P net-
work can be offline in whatever reason. When it is offline, 
a previously recorded concept identifier may be changed 
or a previously recorded concept annotation defining a 
concept identifier may be changed. This causes the CCE 
offline issue. A CCMap is devised to support CCE and let 
it avoid the semantic inconsistency between the offline 
CCE and online UCE. A CCMap is a concept map be-
tween a ComVoc concept of CCE and a ComVoc concept 
of UCE in terms of a outgoing buffer (OB) and a incom-
ing buffer (IB) such that: 

<ccmap>
  <ob oplist = “”/> <!-- OB at UCE --> 
  <ib oplist = “”/>  <!-- IB at CCE --> 
</ccmap>.

where the oplist is an operation list such that oplist = 
[opk(iidk, ank), …, op1(iid1, an1)] which is a history buffer 
of editing operations on UCE after the CCE goes offline. 

When the CCE goes online, the OB of UCE flushes to 
IB of CCE to synchronize. In our current design, CCE is 
not allowed to edit offline. Thus, the CCMAP is a one-
way buffering mechanism. The design of CCMap not 
only resolves the offline issue of CCE but also provides 
the flexibility of editing product vocabulary. 

Local collaboration engine. The heterogeneous con-
text issue between ComVoc and LocVoc is resolved in 
LCE of D2F network through LCMAP, which maps 
LocVoc onto ComVoc. The LCMap consists of a local 
concept identifier (locIid) and a common concept identi-
fier (comIid) such that: 

LCMap(locIid, comIid).

When an LCE creates a new ad hoc concept on 
LocVoc based on ComVoc, it at the same time creates an 
LCMap(locIid, comIid) between LocVoc(locIid locAn)
and ComVoc(comIid comAn).  With this map, both CCE 
and LCE can freely edit their individual ComVoc and 
LocVoc without causing the semantic consistency issue. 
The simple concept identifier mapping is powerful. It en-
ables ad hoc product data semantically integrated. For ex-
ample, given <c iid=“123” an=“fridge”/> and <c iid=
“1.52.14.15.1” an=“refrigerator”>, a map <lcmap locIid
= “123” comIid= “1.52.14.15.1”> makes them integrated. 

If the one-way buffering mechanism of CCMap ap-
plied in LCMap, the LCE can further asynchronously col-
laborate with the CCE such that CCE maintains OB while 
LCE maintains IB. 

4. Conclusion
This paper has proposed a transparent collaborative in-

tegration (TCI) approach to maintaining semantic consis-

tency between the multiple common product vocabularies 
in a P2P network and between multiple local product vo-
cabularies and a certain common product vocabulary in a 
D2F network. The approach first presents a TCI frame-
work consisted of the layers of messaging, structure, con-
cept and collaboration. This framework is built on a cen-
trally-managed P2P and D2F architecture where the trans-
parent messaging is provided through open SOAP proto-
col. The reusable structure of product vocabulary adopts 
an XBI specification. Collaborative product concepts are 
recorded in conceptualized XBI documents, which ensure 
collaboration results to be properly stored. The semantic 
consistency maintenance is resolved through three col-
laboration engines: universal collaboration engine, com-
mon collaboration engine and local collaboration engine. 

Comparing with approaches of standardization and on-
tology mediation, TCI approach is collaboration-based, 
which is novel and can support the integration of millions 
of SMEs’ ad hoc vocabularies. This ability increases the 
scalability of product data integration systems. 

Future work of this paper is to describe the transparent 
collaboration operations that can be universally and dy-
namically used in different collaboration engines. 
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