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Abstract

This paper tentatively presents a proposal to dgveln Enterprise
Operating System (EOS), with the focus on the meguénts for
potential standardisation. The proposed EOS wilidve in the same
way as an Operating System of the computer, buemmmterprise
context and system wide. At first some basic cotxapd definitions
will be given. Then an overview of relevant worlkdating to EOS is
presented. A set of preliminary requirements onoasiple EOS is
outlined. Potential for standardisation is discdssed followed by
conclusions.

1. Introduction

This paper aims at tentatively presenting a sereffminary requirements to develop an Enterpriper@ting System
(EOS) for enterprise operations monitoring and @ntn analogy to the Operating System (OS) obmputer, the
proposed EOS will fulfill the same mission as atelface between enterprise resources performingpusar
business/manufacturing operations and enterpriseagesis defining what and how those operations il
performed.

With the massive use of digital equipment (both fmnufacturing and information processing) and @enat
shop floor level, it will be possible for entermi®perations to be be more and more monitored antradled
through computers. This means that the enterpribéo@ operated based on models and controlled bglats that
are elaborated by enterprise business manageighalelrel of abstraction [Weil5]. Today, most eixigtenterprise
models are not executable. They are built for thgpase of understanding, analysis and design. dnctimtext of
moving to next generation of enterprises, one greimallenge in the future is to develop executaliterprise
models. These executable enterprise models sheutittbived from the conceptual ones built in collation with
business users and should cover various aspeetgtarprise operations such as processes, decismtefyorations,
interoperations and organisations [Weil5].

To make the future next generation Enterprise &tyeanterprise models and their execution mu$t om an
enterprise-wide digital infrastructure capablerapiementing and executing models. When an Enterfigerating
System (EOS) becomes a part of the enterprisecisdaime way as the operating system of a compbeE®S will
be an integral and vital part of the enterpriseésTHOS will interpret content of enterprise modastsording to the
command from business managers, trigger variousrgnige operations with dynamically allocated gmise
resources and monitor the status of those enterpésources (Humans, Machines, Computers) throagious
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sensing devices and front-ends for their optimal [\geil5].

This paper is structured as follows: section 2oidtices basic concepts and definitions on enterppseating
system and enterprise monitoring and control. 8ec8 gives a survey on existing works related tterpmise
operating system. In section 4 a potential entsgpoperating system is discussed in detail focusingthe
requirements. Section 5 discusses some standaodizadtentials of the proposed EOS. Section 6 camed the
paper.

2. Basic concepts and definitions

In this session we introduce some basic conceptsdefinitions that can help better understand thecepts and
requirements of Enterprise Operating System preddntthe paper.
A. Enterprise

An enterprise is a unit of business organizatiogysiematic purposeful activity grouping indivitsjastructured
and organized around technical and financial medtisthe goal of satisfying needs on a market.hi@ ¢conomic
world, we distinguish manufacturing enterprise @eavice enterprise. Enterprises can be classiftedrding to
various criteria ranging for example from smallanedium enterprises (SMESs) to big and multinati@méerprises;
from single enterprises to networked enterprises et
B. Enterprise Architecture

Enterprise architecture (EA) is a conceptual blurdor conducting enterprise analysis, designnpiag, and
implementation from the business and technologgpetives. According to the standard ISO/IEC/IERBWD, the
purpose of EA is to achieve greater coherency levtbe various concerns of an enterprise (HR, Iger@tions,
etc.) including the linking between strategy foratidn and execution [ISO11].
C. Enterprise resource

An enterprise resource is an entity of enterpribat tperforms an operation (management, decision,
manufacturing, information processing...). AccordingEN/ISO 19440, there are basically three typesesburce:
Computer type (including all information processimgrdware and software); Machine type (includirigtahgible
material processing and handing devices); and Hutgpe (including manufacturing operators, managard
deciders...).
D. Enterprise operation

The term enterprise operation used in this papsigdates those operations (or activities) that rsterprise
wishes to monitor and control through the Entegpfperating system. Those operations are perfobypeterprise
resources. There are three basic types of operasomell (material handing, information processihgman
operations).
E. Operating system

An operating system (OS) is software that managespater hardware and software resources and pvide
common services for computer programs; it actsrastermediary between programs and the computetwaae
[Sta05] [Dho09].
F. Enterprise Operating System

The enterprise OS, like the computer OS, provithesservices that business functions and operatiomn,
much like an application like MS Word or Excel rwrs Windows or Mac OS X. The enterprise operatygiesn is
part of a much larger platform for applications alada that extends across the LAN, WAN and Intej@et10].
G. Enterprise operation monitoring and control

Enterprise operation monitoring consists in suggéngi the availability of enterprise resource andamag
required capability to the capability of existingadable resources. Enterprise operation contrtthésdeliberate act
of synchronizing business strategy with operatiogmetcution in real-time to combine control, ingdihce and
process management in order to enable businesaipgtion that is inclusive of business and productperations.
It is realised through the control of startingdtréring) and ending (finishing) of enterprise peses.

3. Survey of related works



The idea and preliminary concept of an Enterpriper@ting System first appeared at the end of tfeiBdhe form
of an Integrating Infrastructure (11S) within theMBOSA architecture [ESP93]. However the IS maifdgused on
enterprise integration issues rather than monigagimd control and it was not implemented.

In the 90’s, this concept was further studied byNCEC310/WG1 with the aim to develop a standardujopsrt
system-wide business process monitoring and cofftfed97]. CEN TC310/WG1 has elaborated the ENV 0355
[CEN99] to express the capabilities of environmdatsdeveloping, executing and integrating entesgmmodels on
an open IT-based platform. The services neededawide these IT services are referred to as EMBISdprise
Model Execution and Integration Services) as shiovkig. 1.
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Figure 1: EMEIS [CEN99]

Unfortunately, the EMEIS concept is based on CIMOS\and mainly focused on enterprise process model
execution. It remains at the concept stage andnieasbeen utilized in industry. However the EMEIShdae
considered as a basis with necessary adaptatiobeedtended to an EOS so that it serves as affaiceebetween
business managers and all of enterprise resounoefugt IT resources).

In the late 90’s, The WfMC developed standardshinfteld of Workflow management for enterprises p@4j.
In particular, it defined an architectural repraaéion of a workflow management system, identifyithg most
important system interfaces, mostly adopted intteekflow management field (Figure 2). This repreéaéon places
a workflow engine at the centre of the architectilva orchestrates different applications. It cor#tdhe process
definition tool (to describe a model of the progeske administration tool (to control and monitbe process
execution), the Workflow client application (to olve human—machine interface in the process), tiveked
applications (to interface with specific applicatioomputation not tackled by the model) and thdifies to link
with other Workflow environments. Nevertheless teneral idea provided by this framework has nonbedy
explored the organization since the WfMC has beemenfocused afterward in the process descriptiealfjt
providing the XPDL format that can be consideredres ancestor of BPMN.
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Figure 2: Workflow reference model: components iaterfaces [Wor99]

Some other relevant early enterprise IT infrastmeg and platforms have been also proposed (Clods)2We
can mention OSF/DCE, OMG Corba [OMG12] or later B8Bs (Enterprise Service Bus) [Chap05] [Man07].
Although supporting integration and interoperapilif enterprise applications, they do not provite ability of
enterprise model execution. The same applies tprtwmising Enterprise Application Integration (EAllatforms of
the late 90’s that are now abandoned [Lin0O].

Major IT providers, such as IBM, Microsoft and Oegcproviding powerful application servers haveoals
envisioned such a ‘super enterprise server’ thi¢atovely serve the needs of an enterprise raifen a single user,
department or specialised application. Howeversatisfactory implementation in industry has beegyorted so far
that would cover the complete need of an EOS [Weil5

Driven from manufacturing point of view, and with lianited scope and extent, ERP (Enterprise Resource
Planning) packages associated with MES (ManufagjuExecution System) also move a step towardgitestion
but mainly focus on manufacturing related actigitissing ERP software [Weil5]. More recently, son@svn
proposals have been presented to build an Oper&ysgem for the enterprise. For example, a framievior
Enterprise Operating Systems based on the Zachraarefork has been proposed by Ostadzadehet al(qO8n
the other hand, industrial practitioners also cdesihe model execution approach as key to enser@gility and
improving business performance. For example, threddiModel Execution approach has been proposed2iBi.
With the help of E2E-bridge under OMG MDA, insteadl transforming an enterprise model to code with
unnecessary complexity, efforts and cost, dire¢erpnise business model execution has been propasedell
[E2EO08].

4. Towards an Enterprise Operating System

This section presents an extract of some preliminaguirements for a potential standard on Entsep@®perating
System. This is not exhaustive but basic set dafired capabilities that such an EOS should proviigure 3 shows
the envisioned EOS serving as an interface betkesmess managers commanding the enterprise aathese
resources that perform enterprise operations. &heired capabilities are independent of technototgiebe used for
implementation and expressed at a higher levelbsfraction. Part of the requirements are basedndnirgspired
from ENV 15350 EMEIS [CEN99]. It also extends thdMZ reference model by considering all category of
resource while WfMC was focused on software anddmninterfaces.

1 E2E is part of the Scheer Group innovation netwbdadquartered on the University Campus in Saeklerij Germany.
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Figure 3: Enterprise Operating System (Adapted f@®nof computer)

4.1. Enterprise Resource Management

From the point of view of EOS, Enterprise Resowamagement (ERM) aims at dynamically monitoring stegus
of enterprise resources system-wide (availableygied, out-of-order...) by providing an integrate@wiof core
competence, location and availability, often inlHtéae, using common databases maintained by abdata
management system [ANS13]. This information is etigeto allow EOS to dynamically locate and alleca
available enterprise resource(s) to tasks (opertidore precisely the following functionalitieeaequired:
- Checking the availability of resources and reipgrtheir availability to Enterprise Process Maragat service;
- Searching available resources on the requeshtefrprise Process Management
- Matching the required capabilities to the captied of existing available resources
- Selecting an appropriate resource as definetslyapabilities
- Allocating or making reservation of resourcesperations upon requests from Enterprise Processmdsment
- Ensuring that the right resources are affectatieaight operations in the right place at thétigme.
- De-allocating resources at the end of operations

The enterprise resources must be modelled andibeddoeforehand. The status of the resources cagither
obtained automatically using sensors and othealsleitdevices or reported to EOS by human at thinbieg/end of
an operation.

4.2. Enterprise Process Management

Enterprise Process Management (EPM) helps orchiestrand organizing activities and improving corger
performance by managing and optimising the entsephusiness processes [Panl2]. It aims at dyndynical
controlling the execution of enterprise processesdnding ‘start’ command triggering the startifigomcesses and
recording ending status of processes (done, no¢,di@il...). This functionality is essential for amterprise to
control its business and manufacturing processesigh EOS. Some detailed functionalities for EntisgpProcess
Management are listed as follows (not restrictethi®list) [CEN99]:

- Interoperating (Plug-and-play) with available coercial and other compatible process models through
Interoperability Management

- Executing process model (process model run-timecwion); sending ‘start’ and ‘end’ signals to cexce
concerned

- Interpreting logical conditions and other corati/constraints (process junction) during proca&ssgion

- Sending required capability for executing a psscie» Resource Management in order to find analeilqualified
resource



- Receiving and interpreting resource status froesdRrce Management and sending request to Resource
Management to allocate resource to process
- Receiving and interpreting resource status froesdRrce Management and sending request to Resource
Management to release allocated resource

Enterprise Process Management must be able to texeoua process model either from commercial p®ce
modelling tools, either a process model built biegrise business managers themselves.

4.3. Enterprise Information Management

The Enterprise Information Management (EIM) aimsrainaging, protecting and supporting informatiod data
exchange of all kinds (documents, video, multimditiéss, drawings...) between all enterprise resounmemected to
the Enterprise Operating System in a company. Ta ig to provide and preserve information as arless asset
that remains secure, easily accessible, meanirggalrate and timely [Rud09]. The main functiomeditof EIM are
listed below:- Requesting Interoperability Managem& provide needed services to establish inteedpkty
between non-interoperable data sources.

- Ensuring and maintaining system-wide consisteray integrity of enterprise data exchanged thrdtQl$

- Providing transparent access to data sourcesewnatthe type of data storage means (heteroggeeitywherever
it is located

- Ensuring information and data confidentiality eseturity to protect from non-authorized access

- Providing an appropriate data storage facilityeded for running EOS (example, Enterprise Resostatis,
capabilities....).

4.4. Interoperability Management

Interoperability is crucial to run divers existiogmmercial software products on Enterprise Opeagadiystem (plug-
&-play) by providing facilities for allowing event® interact in an EOS in order to exchange defimedsages and
data. It is also considered a precondition for ecessful development and implementation of EOS rbefois
accepted as a standard in industry. The EOS slimeicbperable with two different types of softwamvironments:

- Business applications used by business managdeved of enterprise management and control, axhERP,
CRM, etc. In particular enterprise modelling towiast be able to interoperate with EOS so that tiverprise model
elaborated by the tools can be executed via EOS.

- Software provided for device controllers and sessat shop floor level to monitor and execute nfecturing
operations, in particular controllers for variousnenercial NC machines, robots, AGVs... as well as dmzde
readers and mobile communication devices for huopemators to receive and send back informationQ& E

4.5. Presentation Management

Presentation Management is concerned with thefasterbetween internal and external worlds of EQ@®ak the
responsibility to organise and coordinate the comipation and information flow between Enterprisess®eces and
internal entities of EOS. More precisely, it intesawith the three types of enterprise resourceapied from
[CEN99)):

- Human Dialogue service, requiring informationkte presented and commands received through an @#ieo
human computer interface (display management stvic

- Machine Dialogue service, i.e. services for mantifring technology resources requiring commandseo
transmitted and results returned via an interfadéé physical world

- Application (software) Dialogue service, requiriservice activation through an Application Prognging Interface
of some kind.

5. Potentials for standardization

The development of an Enterprise Operating Systeaeiitainly a high challenging and difficult inifiee. However
this is also a key step to move to next generaitterprise as envisioned in Sensing Enterpriseysting 4.0... The



main concern is to create a general consciousmessansensus both in manufacturing and IT industideaccept
EOS as a standard in order to develop and comrlisecieompatible enterprise software applications.athieve
this objective, it is necessary to proceed in sie@sprogressive way:
- Involve industry and appropriate standardisationking groups to collect and consolidate requirets@n EOS
- Define standard specifications of EOS based endhuirements and build demonstration industrycases
- Create user interest groups and associationgsseminate EOS and provide technical support anduttancy to
end users.

To start, the CEN 13350 [CEN99] initially draftesl upport Enterprise Model Execution and Integratian be
used as a basis with necessary extensions ancatidapttowards a sound Enterprise Operating System.

6. Conclusions

This paper tentatively presented a proposal toldpwen Enterprise Operating System to supportriipgementation
of Sensing Enterprise and Industry 4.0 initiaticemsidered as the next generation enterprise. Togoped EOS
and the set of preliminary requirements are maalsed on and inspired from ENV 15350 that at ogigoposed for
enterprise integration purpose. Thus the propo%28 5 generalised and extended from an Integrétiingstructure
for enterprise model execution to a true Enterpfgeerating System acting as an interface betwe¢erpise
resources and enterprise business managers. Hyidieatuse of an EOS in an enterprise doesn’t nthah all
enterprise resources must be connected to andotledtby the EOS. It depends on the strategy aedifgity of
each enterprise. Consequently, an enterprise @i lihe choice to decide the set of resources mugses that are
monitored and controlled by EOS and those thatmwill outside EOS. The proposal presented in thergagust an
outline and must be further refined and detailed.
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