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DATA TRANSFORMATION FOR PRODUCTION PLANNING AND CONTROL
SYSTEMSINTEGRATION

In this paper the method of production planning apdtrol systems (PROEDIMS and SWZ) integration is
presented. Both systems are parts of a distribsgsttm which is thought as a replacement of largPMERP
systems for SMEs. This idea derived from the nemdseveral small and medium enterprises. In thésé k
of enterprises the larger stress is applied ratimetechnical preparation of production than tacklbusiness
problems. Integration is achieved by methods of deansformation and data mapping. The proposed dat
transformation interface uses neutral data forrilts XML, XML schema, Extensible Stylesheet Langea
Transformations XSLT and XML Path Language. Thecfiomal scheme of the module for data exchangetwhic
is necessary for the interaction between the pitimuplanning module of PROEDIMS system and proidunct
orders verification system for a multiassortmemtaurrent production (SWZ) has been proposed andusa
stages of data transformation have been discussed.

1. INTRODUCTION

Recently a significant increase in the number odlsand medium enterprises (SME)
has been observed. In the EU, SMEs constitute 9%B%l the non-financial business
economy enterprises, representing almost 70% af ghployment in the private sector.
SME companies are divided into medium-sized (fethan 250 employees), small (fewer
than 50 employees) and micro-enterprises (employawer than 10 people). In the
manufacturing sector, SMEs constitute 99.2% of rpnitees. Especially micro-enterprises,
which currently constitute 92% in SME, are certaim bloom. These include many newly
established family businesses, manufacturing corapaas well as commercial and service
outlets. It is estimated that employment in micntegprises constitutes about 30% of total
employment of enterprises in the European UnioraBse of a wide range of activities, the
high cost of implementation and a need to applyngka within a company's structure,
production support management systems are offeneth® market and are implemented
primarily in large enterprises [3]. The cost anditig for implementation of ERP systems
and the specificity of these systems are the maasans why they are not
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implemented in the group of SMEs (and particulanlya group of micro-enterprises). To
meet the needs of such enterprises, resulting fhmmecessity to reduce production costs
and shortening the time involved in design, plagrand preparation of production, cheaper
and more flexible tools, which allow companies tiapt quickly to the requirements of the
customers, are being sought after [5],[11]. Suppgstems functioning in the sector of SME
usually operate in various areas related to thpgregion and planning of the production,
but they are not integrated. Lack of integratiobween these systems affects the efficiency
in their use and is a potential area where it ssfiide to increase efficiency, associated with
a reduction of costs for SMEs.

The response to demand is described in the reseamndhdevelopment project
implemented by the Silesian University of Technglowhich scientific objective is to
develop methods for integrating systems that sugpiness activities in areas of industrial
production planning and control, and in the fiefgpmduction scheduling and rescheduling.
The purpose of the project is to develop a modelath exchange and a prototype system
supporting the functions of planning, control andnagement of industrial production. As
a result of development and implementation of #ystem, it will enable increased
effectiveness of the integrated areas of decisiaking and the creation of virtual
organizations in SME enterprises.

In order to meet this goal, modifications to alneagbtablished systems, operating
under a system of preparation and planning of ol proEDIMS (Chapter 2.1), SWZ
(Chapter 2.2) and KbRS, will be required. ProEdisystem is being developed at the
Institute of Production Engineering and AutomatairiWroctaw University of Technology.
Scheduling systems SWZ and KbRS are being devel@giethe Silesian University
of Technology. The cooperation of these systemishagilachieved through the development
and implementation of a dedicated interface foa@aichange.

The paper presents the results of the implementgtitase of the data exchange
module, needed for proper cooperation of PROEDIMS&Ipction preparation module and
SWZ system for verification of production ordersr fthe multiassortment concurrent
production. A method of data structure formal diggiom, concerning production processes,
with regard to available resources has been deedlopth the use of Extensible Markup
Language (XML). The operation of the interface medtor data exchange, based on
techniques of data transformation and data mapgupgorting the integration of computer
applications has been shown.

2. PRODUCTION PLANNING AND PREPARATION SYSTEMS SWZ
AND PROEDIMS

Decisions related with admission to the executibthe production task need to ensure
the profitability of the effects in terms of timediss and cost of manufacturing. To meet the
requirements of their clients, the SME manufactyigompanies need to use computer-aided
decision systems, in particular with respect toigiens regarding the possible admission
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of a production order, to ensure the task compieigsoin accordance with the order, with
minimum capital involved.

2.1. ORDER VERIFICATION SYSTEM SWZ

Order Verification System - SWZ 4.0 is a computemplementation of methods
supporting rapid decision taking on the acceptigbdf a production order. In this method,
the admissibility of the production flow variants determined by the limits of quantitative
and qualitative conditions. Combinatorial naturealef possible options for the organization
of production flow makes this problem practicallgpossible to be solved in quantitative
terms, which means there is no possibility of abtay the optimal solution within
a reasonable time horizon. For the same reasos d@qually difficult to determine the
allowable flow, i.e. the solution to the problemtérms of quality. This implies the need to
abandon the designation of the set of all feasblations for the determination of a subset
of states achievable solutions. Solving these problcomes down to testing a sequence
of arbitrarily selected conditions, where each &is@ study of the local balance condition.
The fulfilment of all conditions (their conjunctipensures effective implementation of the
order. Lack of local balance provides informatioboat the necessary abandonment
of certain conditions of the order, or a necessftyneeting the needs connected with an
increase in available production capacities, s®igEace, etc [10].

The SWZ system sets up distributed control procesland orders, with quantitative
and qualitative indicators of the production systéon data specifying the system.
Production flow control is accomplished through thyelically performed local rules for
resolving conflicts (LLRKZ) [7]. LRRKZ determinebe order of access to the resource and
provides at least a single executing operatiorniza@n belonging to each of the processes
sharing the resource. Access to resources is tegukccording to the mode of mutual
exclusion. This means that the steady states arergied by sets of LRRKZ assigned to
resources. As the work of machinery and equipmertarried out according to the rules
generated by the cycle, its characteristic featuthat the relevant norms of production can
be defined in an algebraic way. This gives the ipdgg to form high-level indicators
of production, such as the use of resources am#tstaf work in progress.

2.2. PROEDIMS SYSTEM

PROEDIMS system belongs to a family of productsiclwimanage product data and
processes in the company. PROEDIMS enables creatioltection, management and
propagation of all data related to the product ugtmut the product life cycle and all
information and data necessary for the proper fanictg of the company.

This system supports various areas and actividatad to the product and the
company's activities starting from the conceptulahge, throughout design and process
management, logistics and relations with custoraers suppliers, to the maintenance and
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products servicing. Phase of the project discugsehdis study, is related to the integration
of the SWZ system with ProEdims, and intends to mlement the PROEDIMS with the
module associated with the scheduling of tasksystes resources. Input data uploaded
into SWZ from PROEDIMS allows determination of teequence of operations on the
resources of the production system. After transfgrthem back into PROEDIMS system,
they will become the basis for work schedule ofgheduction system generation. The stage
of integration requires development of a uniforntadstructure, successively used in the
process of exchanging information between consttieystems. The structure will consist
of the following models: the production system, tider, the technological process and the
planned production. On their basis a neutral fodoratata exchange will be possible to be
created.

The exchange of data between systems is achieved, tal the versatility and
convenience in use, with the Extensible Markup lLegge (XML) [1]. XML is currently
very popular and more and more often used in tlobange and analysis of data collected
and processed in information systems, supportiegcttimpany's management at different
levels and functional areas [12]. XML is designeddpresent different data in a structured
way. The choice of XML as the language for recaydilata on the need to integrate KbRS
and SWZ was dictated by the fact that XML is nowyvgopular and often used in areas
related to the exchange and analysis of data ¢etleand processed in the management
support systems at various levels and differenttional areas (e.g. ERP, PPC, MRP, MES,
etc.) [8],[9].

For production system and production order modelXklL document structure has
been developed [4],[11] with the use of XML Schene, successor to the DTD standard.
This choice is dictated by the way the definitiswiritten/recorded (also implemented using
XML) and the fact that XML Schema has greater pisim comparison to DTD standard,
which allows to define restrictions on the datal$io enables creating new definitions of the
structure, or combining information from severatt@ans, which is important in the process
of acquiring data from management support systems.

Developed for integration needs, XML schema in PROES system has been
divided into four modules [2]:

Planning - including data on production orders and relaipdrations for scheduling.
Details such as order status, priority, batch sregjstration date, planned starting and
finishing times (used when generating schedulepeniding on the rule of “forward" or
“reverse”) are transmitted in this module.

Production - containing data on currently ongoing orders aelhted operations.
Production data included in this XML module consainformation about all the orders and
operations carried out at a time on the manufawgufioor. They must be included in the
generated production plans. These plans can befiswdnly in case of their earlier
cancellation.

Resources - containing list of production resources togethdth the calendars
of availability. XML module with data on manufadg resources and availability
calendars. Entries in the calendar can be: podjtivehich this resource is available - shift,
overtime), negative (those in which the resourag®isavailable - failure, review, etc.).
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Resource group - containing a list of resource groups - this des a group
of resources that can be used alternately, an deamght be the use of resource on which
the operation will end sooner.

An example fragment of XML schema containing a migbn of the XML document
structure for the data from PROEDIMS system has Ipgesented in Fig. 1.

4 <elernent hame="rnnt">
5 “complexTypes=
B <SBUBNCES
7 <element name="planowanie" minCOccurs="1" maxOccurs="1">
g <annotation=
9 <documentation=Lista zlecen do harmaonogramowania</documentation>
10 <fannotations
i <complexType=
12 | <seguences
13 <element name="zlecenie" type="edm:Zlecenie_typ" minOccurs="1" maxOccurs="unbounded"/>
14 | </sequences
15 <fcomplexType=
16 <felement=
17 <elernent name="pradukcja" minOcours="1" maxOccurs="1">
18 <annotation>
19 <documentation=Lista zlecen w produkcji</docurnentations
20 <fannatation=
21 <complexTypes
22 <geguUence>
23 <element name="zlecenie" type="edm:Zlecenie_typ" maxOccurs="unbounded"/>
24 <fgeqguence>
25 <fcomplexTypes
2B <felement=
27 =element name="zasoby" minOccurs="1" maxOccurs="1">
25 <annotation=
29 ¢ <documentation=Lista zasobows</documentation:
30 <fannotation=
31 zcomplexTypes
32 <SBUBNCES
33 <glement name="zazob" type="edm:Zasob_typ" maxOccurs="unbounded"s=
34 L <fsequences
35 <fcomplexType=
Ja <felement=

Fig. 1. PROEDIMS XML Schema

XML schema for the SWZ system, developed for iraéign needs, defines the
structure of a XML document for data describing tlesources such as: manufacturing
system, i.e. machines, work-in-progress storesutirgmd output stores of the products
manufactured in the production system, data on ymthmh processes, i.e. technological
routes, set-up times, cycle times, production soleede. sequences of manufacturing
operations for all production processes in the petidn order on production resources.

In Fig. 2 a sample XML schema containing the XMlcdment structure definition for
data of the manufacturing system has been presented
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1 <?uml version="1.0" encading="utf-g"7=
2 =ysischema xmins: xs="http: A w3 orgf2001MLSchema” version="1.00" id="Production_System_Data"=
3 <xs:element name="Production_System"=
4 “ysicomplexTypes
3
G <xgselement name="Resources">
7 =ys.complexTypes
g <xsisequence maxOccurs="unbounded" =
9 =ys.element name="Resource"=
10 <wsicomplexType=
1
12 <us:element name="ld" type="xs:integer"/=
13 <ysielement name="Mame" type="xg string"/>
14 =yus:element name="Capacity” type="xs:decimal"/>
15 <xgzielement name="Schedule"=
16 =ys.complexTypes
17 <xsisequence maxOccurs="unbounded"=
15 =xselement name="Sequence">
19 <wscomplexTypes=
20 =xgall=
21 <xs element name="ld" type="xs:pasitivelnteger"’=
22 i <xzelement name="Process_|d"f>
23 P afysall
24 “fusicomplexTypes
25 /v element=
26 <fxs sequences
27 s complexTypes
20 <fuselement>
29 <fxzall=
a0 <frscomplexType=
31 <fxzelement>
32 «/¥sseqUEnCe>
33 s complexTypes
34 =/xs element>

Fig. 2. SWZ XML Schema

Processing of data into an XML format in accordamaéh engineered schemas
realized through the expansion of SMR systems apduiles PROEDIMS of import / export

data.

3. MODULE OF DATA EXCHANGE BETWEEN SWZ AND PROEDIMS

In the previous chapter XML data model used bySWé¢Z and KbRS systems has been
presented. The next step in the implementationsyséems integration project was creating
a module for transforming data between differentdel® of integrated planning
environment [13]. The transformation process wasddd in two, concurrently carried out
stages, resulting from the functional areas ofgrated systems:

- The stage of calculation, connected with thedneg& converting the generated
sequence of tasks completion on the resourceghetdorm of a schedule, used by
PROEDIMS system. This phase is related to thetfadtin the PROEDIMS system
the schedule of the implementation of operatiamsesources is associated with the
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calendar availability of productive resources, Whibe SWZ system does not take
into account.

- The data mapping stage of the data stored in FRKAE system and data set in the
previous step with the data which is stored inda&a model of the SWZ system.
The implementation process of data mapping has Seewn in Fig. 3.

| & dane_produkeyjne_PS | # Prod_System
~ E| L] File: dane_produkcyjne_PS.xml A 2 [ File: J2009.xml; J20091.xml

‘B {Yedmiroot ‘B {}Production_System
= {¥}edm:planowanie Lista zlecen do harmonols

“El{¥edm:zlecenie Definicja zlecenia
-------- {¥edm:id
-------- {}edm:status

;ﬂp\telue-map (core)

pinput | resultie—

--------- {¥
-------- {¥ edm:priorytet ~{}MName
-------- { ¥} edm:wielkosc_partii w-{} Capacity
-------- {¥edm:data_rejestracji é-F.,J {}Schedule
-------- {¥edm:planowana_data_rozpoczecia E-Ej {}Sequence
-------- {¥ edm:planowana_data_zakoenczenia ¥

-------- {¥edm:rzeczywista_data_rozpoczecia

-------- {¥edm:rzeczywista_data_zakonczenia

= {Y}edm:operacje Lista operacji zlecenia
‘E{Yedm:operacja Definicja operacji

-} edmzid

—{ yedm:id_operacji_planowanej

~{ yedm:nazwa_operacji

@{}Pro cess_Id
EH{}Processes
E| {¥Process

: ~{¥Name
{¥Nr_of Operatoins

{}Route

-{ } edm:id_kolejnej_operacji =y Operation
-{ }edm:data_rejestracji --{}Batch
-{ ¥ edm:planowana_data_rezpoczecil> a {}Buffers

w e

Fig. 3. Data exchange between SWZ and PROEDIMS

For the purpose of automating the process of tommgftion Extensible Stylesheet
Language Transformations (XSLT) [6] has been u#e. recommended by the W3C, it
allows to transform XML document into another XMbaiment, Web page, text document
or other file type. XSLT is widely used in variosgftware (web browsers, MATLAB), and,
like the XML diagrams, the realization of the triormation process based on XSLT
document can be executed using the popular prosgsike for example XMLSpy,
Sablotron for C + +, XSLT, PHP. Functions relateccalculations on the data are realized
by means of XML Path Language (XPath). XPath ggiary language for selecting nodes
from an XML document, but may be used to computielesa (e.g. strings, numbers, or
Boolean values) from the content of an XML documefRatch language functions might
be used in XSLT documents.

The process of PROEDIMS and SWZ systems integratexuires the delivery
of XML documents into the SWZ system in accordandth the proposed XML schema
of the SWZ. That is why the decision was takeodovert the XML document oriented in
the structure of a resulting document, which agsult created an XSLT schema in the
shape of one complete document. Data transformatiogule has been implemented into
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the SWZ system. In Fig. 4 functional scheme obagformation module in the SWZ system
has been shown.

Fem===== == = = = = = = = = = = = = =

I
1 XML Schema XML Schema
< 1 (PROEDIMS) (SW2z)

XML File I
(SW2)

I
\ I XML Validator ] XML Validator
I
I I s
. I
= L)
(PROEDIMS) XSLT Processor I =
S —— —~—

SwWz

Fig. 4. Data transformation module

Implementation of data transformation process & dbveloped module of the SWZ
system consists of the following steps:

- Loading of the XML document containing information the planned production
from the PROEDIMS system.

- Validation of the loaded XML document based on XBchema.

- Transformation of the XML document on the base¢hef XSLT document (mapping
data and calculations using XPatch).

- Generating an XML document for SWZ.

- Validation of the loaded XML document based on XBchema.

The individual elements of the input and outpuedilstructure are converted in an
order resulting from the requirements of SWZ andREbXML document formats, through
adequately addressed appeals to the tags (nod#s)tive use of the XPath language.
Fragment of an XSLT document has been shown ingzig.

The processing of XML files based on the prepar&LK sheet can be done in two
ways. The first (shown above) is based on the uerface developed using the XSLT
processor functions. The other one may use thdadaisoftware that includes XSLT
processors (eg, XMLSpy). The next phase of integnatill be implemented in the same
way, and it will involve processing and transmigtimformation containing the schedule
generated in the SWZ system into PROEDIMS system.
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10 =

11 =zzlstyleshest verzion="1.0" xminz <sl="http: Moaraewy w3 0rgfM1 999 SLMransform” <minsvm="kttp: ey attova comMlapForcedJDF st =mins:n:
winlnE xa="http e e 3 0rg 2001 ML ECchema” exclude-result-prefizes="vinf ns0 xz"=

12 =xzltemplate name="ymf.vmf1_inputtoresult"=

13 =xslparam name="input" zelect="/ "i=

14 =xzlvaue-of select="1"r=

15 <b<s|:template>§

16 =xzltemplate name="ymf vmf2_inputtoresult"=

17 =xslparam name="input" zelect="/ "i=

18 =xzlvaue-of select="1"r=

19 =fxzltemplate=

20 =xzloutput method="xml" encoding="UTF-5" indert="yeaz"/=

21 =xzltemplate match=""=

22 =xzlvariable name="var1_rodt" zelect="nz0:root"f=

23 =Production_System=

24 «xzlattribute name="xsinoNamespaceSchemal ocation” namespace="http: twaew w3 .orgl 2001 HMLSchems-instance"=

25 =zzlvalle-of select="G:MozhibatmliProd_System xad™=

26 =fzl attribute-

a7 =Resources=

] =xzlfor-each select="$var1_rodtinz0 zazobyinzl zasoh"=

29 =Reszaurce=

30 ald=

kil =xslvalue-of select="stringl floor] number (stringlne0:id) )=

32 ==

33 =Matnes=

34 =xslvalue-of select="string{n=z0:symbal)"i=

33 =Marmes=

36 =x3l for-gach select="nslkalendarze/nz pozytywnensl cykliczneins O kalendarz "=

kn i axalvariable name="var2 cast's

Fig. 5. XSL Transformation document

4. SUMMARY

The analysis of the facts within the existing staft&nowledge on methods, tools and
techniques for integrating the functions of desiglanning and management of industrial
production proved that it is necessary to condangific consideration in this area. The
method of exchanging data between different systassssting in the preparation and
planning of production, based on data transformadiiod data mapping using the Extensible
Markup Language (XML) and Extensible Style sheehdisage Transformations (XSLT)
with the XPath Language, provides the possibilityntegration of the systems presented in
the article. The proposed integration module wiirease the efficiency of planners and
performance of production systems, which is assediavith the reduction of costs for
SMEs. The final result will be a prototype of thejpct management system for SMEs.
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