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1. Introduction 

1.1. The potential benefits 

Industry wide there is a rapidly growing awareness that innovation to achieve quick access to 

unambiguous, computer interpretable and system independent information and knowledge about the life-

cycle of products, including design, procurement, operation and actual condition of facilities throughout 

their life time is key to continued business success. 

For example, there are big business benefits to be gained if computer support would become available to 

simplify the comparison of offerings and deliverables with specification of requirements for products, 

systems and facilities. This requires that specifications of requirements for products and systems as well 

as offerings and deliverables should be described in a common computer interpretable language. Some of 

those benefits would be that the information availability would improve the designs and make it easier 

and faster to detect non-compliances. Another benefit would be that it would cost much less to achieve 

consistency and early availability of the information about components and assemblies of equipment that 

stem from different sources. 

Furthermore, concurrent engineering would be enabled through the integration and shared use of 

information and a proper version management through a worldwide data communication network.  

Altogether, if data would become available in a standard, system independent and computer interpretable 

form, it would provide a significant reduction in the lifetime cost of ownership of facilities and a 

reduction of costs for handling product information and it would drastically speed up design, fabrication, 

construction, maintenance and enhancement activities. 

1.2. The problem 

There are basically two ways to store information. Firstly, information is stored in (electronic) documents 

such as natural language text, drawings, filled-in standard forms or spreadsheets. Secondly, information is 

stored in databases that are composed of data tables. Both ways of storing information have their 

advantages, but the main disadvantages are that the two are mutually incompatible and each of them has 

significant shortcomings regarding accessibility and ambiguity of the contained information. This is 

illustrated by the following observations: 

1. Documents are not computer interpretable. In other words, information contained in documents 

that specify requirements as well as products and their designs in natural language can only be 

located by searching for text strings that match given text strings and can only be interpreted by 

human beings through reading the text. Such information is basically not computer interpretable 

or processable. 

2. All database and table structures are different. As a result the capability to store information in 

different systems is different. This means that not all information that is stored in a system can be 

transferred to another system. This is caused by the fact that it is a generally accepted convention 

that every database developer defines a new structure for every new database or exchange file. 

3. Database contents are mutually incompatible. Even different implementations of the same 

application (such as different SAP implementations in the same company) usually apply different 

naming conventions for the information that is stored about objects. As a result data from 

different sources cannot be compared, merged or integrated nor transferred from one system to 

another without extensive and costly conversion. This is caused by the fact that users do not apply 

a standard electronic dictionary for the content of databases. 

These issues demonstrate the need for a common neutral and system independent language to describe 

products and knowledge in a computer interpretable way.  

1.3. Towards a solution 

The way towards achieving the above benefits contains mainly three components: 

1. Users should apply a standardized computer interpretable language and its dictionary to express 

knowledge and information about objects and their aspects and processes in which they are 
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involved. 

2. Systems should be extended with the capability to read and write messages that are expressed in 

that language. 

3. Specification documents should be transformed into computer interpretable expressions in that 

language. (This is called knowledge explicitation). 

This document is part 6 of the Gellish Modeling Method. It provides guidelines on the implementation of 

these recommendations in the application area of facility models and product models. 

The prime kinds of guidelines are: 

- Guidelines on how to standardize the content (terminology) of data in databases. 

- Guidelines of how to express information, knowledge and requirements for storage and exchange of 

facts and queries in and between systems in a system independent and computer interpretable way. 

- Guidelines for the conversion of specifications of requirements, offerings and deliverables from 

textual documents into computer interpretable expressions. 

This document also provides guidance for a shift from a document centric view on the world to a data 

centric view. Such a data centric view includes that organizations regard their information and knowledge 

as an asset and develop and maintain product models for their assets and their operation and maintenance. 

For that purpose recommendations are provided how to build product models and how to manage 

information about products, facilities, processes and occurrences also as an asset. 

The Gellish Modeling Method is based of universal semantic modeling principles. Application of those 

principles resulted in the development of the Gellish language. Gellish English is a semantically rich 

computer interpretable language that is suitable as a common language to achieve the above mentioned 

benefits. Therefore, this document describes the method by using Gellish English. Gellish English 

includes an extensive English Dictionary-Taxonomy and allows for organization specific synonyms and 

extensions, as described in part 2 of the Gellish Modeling Method. The Gellish language has a number of 

variants, such as Gellish English, Gellish Nederlands, Gellish Deutsch, etc. as far as dictionaries for those 

languages are available. Gellish English is a formal subset of natural English; Gellish Nederlands is a 

formal subset of Dutch, etc. Gellish enables that expressions in one variant language can automatically be 

translated into expressions in any of the other variants, provided that a Gellish dictionary in that second 

language is available. 

Gellish is a language for the Semantic Web, the new generation usage of Internet. Gellish English can be 

read and understood by English speaking people who are not trained in Gellish and it can also be 

interpreted by computers. This means that it can be used for computer-to-computer communication 

whereas computers can act on Gellish messages. For the creation of correct Gellish English expressions 

some training is required. 

Gellish English is defined in the Gellish English Dictionary-Taxonomy [3], which contains standard 

definitions of concepts as well as relations between those concepts. It also includes the definition of a 

hierarchy of standard relation types that form the grammar of the Gellish language. The theory of the 

Gellish language is described in [1].  

Gellish English enables system independent electronic data exchange via the Internet. It also enables the 

storage and maintenance of lifetime data for products, equipment, facilities, activities and processes, 

independent of computer hardware and software and thus independent of changes in information 

technology. It enables storage of any kind of data in databases and to exchange that data between 

different applications in a standard unambiguously interpretable form.  

Gellish is a major innovation opportunity towards the possibility to realize potential cost savings and 

business process improvements. All parties involved in the various life cycle phases have the opportunity 

to gain their part of the benefits from its application. 

The Gellish language provides a very powerful generally applicable „data structure‟ that enables an 

advanced way of information management. The language covers the total lifetime of any kind of facility 

and is intended for integration of data from various subject areas and can therefore be used for all kind of 

data exchange scenarios as well as for data integration.  
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Because of the generic nature of the Gellish language it can be applied in various industries to describe 

the production processes and the required equipment as well as the organization and procedures for that. 

It can also be applied along the supply chain, including the manufacturers and suppliers of the discrete 

items from which production facilities are constructed. 

From this wide applicability a choice had to be made for the examples in this Handbook. Unfortunately, 

this means that examples are mainly taken from one area, being the process and power industries. 

This document consists of two parts. After this introduction, the first part (chapter 2) describes a strategy 

and recommendations for the management of information. The remaining part provides guidelines for the 

expression of information in a standardized form in Gellish English.  

This document is written for non-IT specialists as well as for software and database developers. It is 

written in non-IT terminology as much as possible. Therefore, Gellish English is used instead of data 

modeling terminology.  

An information technological explanation of the underlying data modeling methodology can be found in 

Gellish, A Generic Extensible Ontological Language (see ref. 1). Other guidelines and criteria for correct 

expressions in Gellish English are given in the document “Gellish Modeling Method Part 7, General 

Principles and Guidelines.” (Ref. [6]) 

1.4. Outline of Gellish English  

Gellish can be distinguished in a Gellish language definition and a Gellish language usage. The Gellish 

language definition is documented itself as Gellish expressions and is available as Open Source data in 

the Gellish English Dictionary-Taxonomy. That dictionary itself is also expressed in Gellish English. (See 

the Gellish Dictionary-Taxonomy data tables, especially the TOPini section). The Gellish language usage 

results in proprietary Gellish expressions that can be stored or exchanged in the form of Gellish Data 

Tables or in any other implementation method. 

Any fact or opinion is expressed in Gellish as a relation (or collection of relations) between things. 

Therefore the Gellish language definition consists of: 

- Definitions of relation types. 

- Definitions of types of roles that are required by those relations and that are played by related 

things. 

- Definitions of concepts, which members can be related and are related themselves. 

Each Gellish expression consists of an expression of a main „fact‟ or opinion and a number of auxiliary 

facts. The auxiliary facts include facts about the status, timing, validity, language, etc. of the main fact. A 

Gellish Expressions is presented as a line in a Gellish Data Table or equivalent format. Standard Gellish 

Data Tables are the preferred method (syntax) for data exchange of Gellish messages and information. 

The Gellish Data Tables can be implemented in various formats. For example as Excel spreadsheet tables 

or as (tab separated) ASCII or Unicode tables or as MS-Access or Oracle database tables or as a STEP 

physical file (ISO 103030 part 21), or as tables that are transformed into RDF/XML format.  

Figure 1 illustrates the relation between Gellish language definition and Gellish language usage. 
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Figure 1, Gellish language definition and usage 

- The top of the pyramid illustrates the Gellish language definition. It consists of a dictionary in 

which the concepts are arranged as a taxonomy (a subtype-supertype hierarchy of concepts). This 

covers also the concepts that are defined in ISO 15926. 

- The top of the left hand triangle illustrates the definition of standard Gellish relation types (and 

their subtype- supertype hierarchy). It includes for example definitions of relation types that are 

represented by the phrases „can have as aspect a‟, „shall have as aspect a‟ and „has aspect‟, all as 

subtypes of „relation‟. For example it illustrates that a „can have as aspect a‟ relation is a relation 

between an individual objects and an aspect. 

- The top of the right hand triangle represents the concepts (and their subtype-supertype hierarchy) 

that are required to define the relation types. It includes for example definitions of the concepts 

„individual object‟ and „aspect‟. 

- The middle part of the right hand triangle represents the Domain Dictionaries-Taxonomies in a 

subtype-supertype hierarchy. This includes for example the definition of concepts such as 

compressor, centrifugal compressor as subtypes of individual object and capacity as a subtype of 

aspect. 

- The top and middle parts together form the „open source‟ data that define Gellish English. 

- The bottom part illustrates the general usage of the Gellish language, whereas the right hand 

bottom part represents the subtypes of the concepts and the classified individual things. The left 

hand bottom part represents the (proprietary) information or facts that are expressed in Gellish by 

users or user applications, whereas each relation is classified by a relation type in the top part of the 

left hand triangle.  

1.5. Main application area’s 

The Gellish language is applicable in all phases of the life of products and facilities „from cradle to 

grave‟. This means that it can be used for exchange of data at many occasions where parties want to 

communicate about materials and products. For each of these occasions the data exchange requirements 

can be defined. For example, it is recommended to require that in principle „all‟ data about the design and 
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installation of a facility that is required during operation, maintenance and for modification of the 

facilities shall be handed over at the end of a project in a Gellish compliant way. However, today 

companies are not yet capable to satisfy such a requirement completely and it is only economically 

beneficial to require it for some of the data. Therefore, such a requirement should be accompanied by a 

definition of the acceptance criteria, especially regarding completeness and a definition of the extent to 

which the data need to be system independent and computer interpretable.  

Some levels of compliancy for handed over data are: 

1. The terminology shall be compliant with the Gellish Dictionary only. This means that terms shall be 

selected from the Gellish Dictionary only or shall be explicitly defined as subtypes of the concepts 

that are already available in that dictionary. 

2. In addition to that, all individual things (or a specified subset) shall be explicitly classified by 

concepts selected from the Gellish Dictionary. 

3. In addition to that, all information (or a specified subset), except for textual documents shall be 

expressed in Gellish English in the form of Gellish Tables. 

4. All information shall be expressed in Gellish 

Such requirements implicitly determine to what extent the data can be integrated and can be verified on 

consistency using automated tools. They also determine how information should be delivered.  

In addition to that it should be specified what data is required to be delivered for specific purposes, such 

as data for the ordering or for delivery of equipment. Such requirements can also be expressed as a 

Gellish Table, so that it can be used for automated verification of completeness of the delivered data. 

For all these purposes the Gellish language can be used as a common language and the requirements can 

be expressed in a data hand-over guide or reference agreement.  

The main application areas of the Gellish language can be found where important data exchange or data 

integration takes place.  

Typical examples are: 

1.  Main investment projects. 

Development projects require a lot of data exchanges because of the intense communication between 

the many parties involved, such as facility owners, engineering contractors, suppliers and authorities 

and all their departments. Furthermore the projects require a huge amount of data integration and data 

consistency verification.  

2.  Product catalogues and Procurement and delivery of products (E-Commerce). 
This requires many relative small data exchanges in the form of enquiries, orders, design specification, 

verifications and approvals, information exchange about production activities, inspections and testing 

and acceptance activities etc. It also requires integration of data from many different sources. 

In principle it is also possible to use EDI for this purpose, except for data integration. However, EDI 

messages require a detailed standardization of each type of message and EDI is in fact only suitable 

for ordering of standard components referenced by a simple standardized identifier. Gellish on the 

other hand provides a generic language for any specification of an item, substance or service and is 

also applicable for larger technical specifications. 
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3.  Document management and knowledge management. 

EDMS systems for Electronic Document Management have search engines, which require a Thesaurus 

for allocation of „keyword‟ to documents and for the selection of keywords that are used to search and 

retrieve documents. 

The Gellish dictionary provides standard keywords for such a thesaurus and has the advantage that it 

also provides powerful relations between those keywords. This means that a search engine of an EDM 

system that makes use of these relations makes it easy to find and allocate very specialized keywords 

by walking along the hierarchy of specializations of keywords. A search with such a specialized 

keyword is then not overloaded with too many „hits‟ (found document references). On the other hand, 

if a high level keyword is used for a search, then such a search engine can find also the documents to 

which a keyword was allocated which is a subtypes of the search keyword.  

For example:  

In the Gellish Dictionary-Taxonomy it is defined that a „bubble tray‟ is a subtype of „internal‟. 

Furthermore, assume that in a Gellish based EDM system it is specified that a specialized document 

called „Tray design‟ <contains information about a> bubble tray. Then a query for documents about 

internals will also include this document.  

On the other hand, somebody who is searching for a document about the concept „bubble tray‟ is not 

overloaded with documents about all other possible internals and types of trays. 

Finally the search results on existing documents are automatically improved as soon as the relations 

between keywords are improved or further detailed keywords are added. These benefits can be gained 

without any change on the data about already filed documents. 

4.  Operation and maintenance. 

Operation and maintenance of facilities requires the frequent exchange of measured data such as 

laboratory test results and of data related to equipment performance, repair activities and procurement 

of spare parts and new equipment. It also requires data exchange between operational systems and 

systems of different departments as well as data exchange with external advisors or suppliers. 
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2. Facility Modeling 

2.1. Information Management Strategy 

A standard in itself does not solve business issues. The main issue is that companies should manage their 

information in electronic form and as a separate asset. A standard for the definition of information is just 

an enabler for such information management. Thus, data need to be managed electronically and in a 

standard common language, such as Gellish English. 

Traditionally, data have to be made consistent via extensive verification and approval procedures. 

Nevertheless, there remains still uncertainty about the versions and consistency of data and documents. 

Therefore, a verification process is usually required before the data can be used to determine whether the 

data on the document is the latest version and whether it is still reliable. These (mainly manual) activities 

are laborious and costly. The consequences are that companies try hard to avoid design changes, that that 

they cannot apply concurrent engineering and that projects consume more time than is strictly required. 

To improve this situation it is recommended to manage product data electronically and in a standardized 

form using Gellish English or another Gellish variant as the common language for communication 

between the parties that are involved.  

This means that the organization(s) should: 

- Use standard concepts from an electronic Dictionary-Taxonomy to classify products, 

processes, activities and their aspects. 

- Store and exchange information as expressions of facts in the form of Gellish Data Tables or 

equivalent formats. 

- Integrate data, which means: treat data tables as if they were one data table, make data 

consistent, eliminate or manage duplicates and define explicit relations between concepts. 

In other words, data should not just be made consistent, but data should be stored electronically in 

integrated facilities, activities or product models. This means that data should be stored only once (at least 

for released data) or managed via managed duplicates, whereas bidirectional relationships between 

objects should be stored always together with both objects. This would allow that the consistency of the 

data is ensured in an automated way and data is stored in such a way that the data cannot be inconsistent. 

2.2. Use of standard concepts to classify products and processes 

Many equipment and system components are standardized. Standardization bodies such as DIN, ANSI, 

IEC, ISO, API, etc. publish standards and companies use those standards to reduce the variety of parts in 

their warehouses and to simplify their maintenance and supply processes. However, these standards do 

not use a common consistent terminology, not a common data structure, whereas they are published on 

paper or in word processor files and they have to be converted again and again into all types of databases. 

Furthermore, dedicated designs, if stored electronically, are stored with all kind of different naming 

conventions and in all kind of different formats. The result is that data from different sources cannot be 

merged into a consistent whole. 

For example, many companies defined their own data sheets as standard forms. Those data sheets use 

different terms, different definitions, different lay-outs, etc. If the data on those data sheets are translated 

to databases, they still cannot be merged, because every company does that in its own way and most data 

sheets are defined independent of each other. Merging of data on data sheets from one source with (the 

same) data on data sheets or on drawings from another source is in fact impossible. 

To solve this problem requires a drastic conversion from private conventions to international standards. 

For example: 

- Conversion from private naming conventions to standard dictionary terminology as defined in the 

Gellish Dictionary. 

- Conversion from private formats for data and data sheets to standard Gellish Tables. 

- Conversion from proprietary drawing formats to standardized database supported drawing systems, 
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which comply with standard formats. 

2.3. Storage and exchange of expressions of facts 

Electronic Information Management implies a gradual migration from document management to the 

management of expressions. Traditionally, this was called data management. However, information and 

knowledge is not contained in „data‟, but in relations between things that are expressions of facts.   

For example the fact 

P-1001  is a part of  Process Unit U-1000 

This is not „data‟, but is an expression of a fact that thus provides information. It expresses semantics. The 

above expression is a correct Gellish English expression. Gellish enables to express all kinds of such facts 

and enables to manage their approval status and history, semantic correctness and consistency. 

It is a major shift in mindset to change from a document-based way of thinking and managing to a fact 

based way of thinking and managing. The conventional way of data collection, approval and exchange is 

completely document oriented. This implies that the official version of most data is indicated by the 

version of a document. As data is often duplicated on various documents, it often occurs that data on 

different documents is inconsistent. For example, when a facility is designed, the design is handed over as 

a (huge) pile of paper, which in fact is hardly manageable, cannot be maintained and can only partly be 

verified for consistency, correctness and completeness. This leads to cost increase during procurement, 

construction, commissioning, operation, maintenance, and facility changes. 

Storage and exchange of electronic expressions to address these problems require the following strategy:  

1.  Store facts only once: The official source of expressions of facts (expressed as relationships between 

objects) should be stored only once in a database.  

2.  Document generation: Shift to the production of documents with a tabular content (e.g. data sheets) 

from the facts in that database.  

3.  Database data have priority over documents: If facts are expressed in a database then the official 

version of the facts is the version in the database and not the data on a document. 

4.  Single access to integrated data: Stored expressions of facts in different databases should be integrated 

and should be accessible via a single portal on a network. This is to ensure that data that appear on 

different documents should be generated from the same data values in the databases. 

5.  Managed data ownership: Ownership of the expression of facts and their authorization should be 

managed. 

Electronic exchange of expressions at various occasions is required to speed up the design and the 

communication between the various parties involved in the design and the whole supply chain and to 

make facts reusable in the longer term. Such hand-overs occur for example between the various project 

phases, during procurement processes and at delivery of equipment and components or during gradual 

delivery of a complete facility. 

The requirements for the content and quality of the collections of expressions during those hand-overs 

should be specified on beforehand, including also the standard structure and format in which the hand-

over should take place. Gellish English is also suitable to express such requirements and the Gellish 

Tables provides a suitable structure and format. 

2.4. Integrate expressions of facts in Product or Process Models 

Data integration is usually a complex task, because it requires making the data consistent and complete. 

However, facts expressed as Gellish English expressions are by definition standardized and therefore their 

integration is much simpler.  

We can distinguish three main kinds of relation types, which correspond with three main types of models: 

- Knowledge models, expressed by relation types that express possibilities for relations 

between things of specified kinds. The phrases that denote such kinds of relations typically 

begin with „can be‟ or „can have‟.  
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- Requirements models, expressed by relation types that express obligations for relations 

between things of specified kinds. The phrases that denote such kinds of relations typically 

begin with „shall be‟ or „shall have‟. 

- Product or process models of (imaginary or real) individual products and processes, 

expressed by relation types that express a state of affairs in the real or an imaginary world. 

The phrases that denote such kinds of relations typically begin with „is‟ or „has‟. 

These kinds of expressions can be expressed either separate or integrated. Figure 2 illustrates the 

differences between these kinds of models. 

 

Figure 2, The relation between Product models, Requirements models and Knowledge models 

The left hand triangle illustrates a model of a facility (a design), which is in imaginary individual thing. 

The model consists of relations between the objects, illustrated by the composition relations („has as part‟ 

relations) that form a composition hierarchy. The components in the design may be related to real objects 

that are installed at the intended places. The model of a realized built facility has a similar structure as the 

imaginary design facility. The right hand triangle illustrates the Gellish language and knowledge base. It 

includes definitions of concepts (with terms, names, codes and synonyms) and knowledge about possible 

relations between them. Each individual component in the left hand product model shall be classified by a 

concept in the Gellish language definition (the right hand triangle), as is illustrated by the two „is 

classified as a‟ relations. 

The middle triangle illustrates the expression of requirements that are applicable in a particular context.   

The integration of product data is automatically achieved by the creation of such product models and by 

the definition of relations between their components and other components or concepts in the dictionary 

and knowledge base. 

Product models can be made on various aggregation levels. For example: 

- facility models, for complete facilities, 

- process models (which includes sub-models for the process materials),  

- equipment models, for pieces of equipment, 
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- component models, for parts and spare parts, 

- activity models, for activities and procedures performed by people, 

- etc. 

where typically  

a component  is a part of  a piece of equipment  

a piece of equipment is a part of a facility 

A product model is an integrated collection of expressions about a complete design of a product or of a 

realized (fabricated) product, together with the standard concepts that are used to describe that product. 

Measured data about a materialized and installed product can also be included in a product model.  

A product model does not require collecting and storing more data than is created traditionally about the 

product. But a product model requires that the same data as before is stored,  

- only once, instead of on many copies in various versions of documents and  

- in a consistent and structured manner in an electronic database.  

Data integration can be achieved by explicit electronic capture of all relevant Gellish expressions and by 

the consolidation of the data through merging expressions from different sources. This does not imply 

that additional data should be recorded compared to the current situation, but it implies proper recording 

and the integration of existing expressions. This may even lead the reduction of data by elimination of the 

many duplicates that are around in the current situation and the repeated capture of data for reasons of 

verification of unreliable and lost data. 

2.5. Facility Models 

The Gellish Modeling Method aims to increase the quality and availability of the information about a 

facility and at the same time to reduce costs of managing data about the facility and its use over its 

lifetime. The basic vehicle for that is the development and use of an integrated electronic Facility 

Information Model. Such a model can be a model of a complete process plant, a ship, an airplane, a road 

or a building, etc.  

A facility model is the integration of the set of data about the facility that is generated traditionally in 

documents. In an electronic facility model this data is structured in a specific way in a facility database, 

which is called a Product Data Management system (PDM system). In a Gellish database, the database 

uses Gellish Tables. 

Part of the data will still be in documents. To relate their content with the object that they describe these 

documents need to be integrated in the facility model as well. Therefore, documents that are not generated 

from data shall also be part of the facility model through inclusion of the document files and by inclusion 

of relations between each file and the objects in the facility model that are described in that file. 

 

The IT technology to support the integral use of a product model for large products such as a complete 

facility is rapidly developing. As a consequence the use of a facility model as the official source of data 

about the facility is often new to people, whereas on the other hand the PDM systems available on the 

market might not yet provide all required functionality. Therefore the introduction of the use of an 

electronic facility information model shall be carefully managed and a realistic plan shall be made to 

achieve the optimal benefits from its use. This means among others that not all facility data shall be 

incorporated yet in the model. The exact scope of the model shall be defined as part of the project 

specification and a development path need to be defined for gradual extension of the model. 

2.5.1. The scope of a Facility Model 

A facility model should be build up as part of the normal design process of a new facility. To support that 

it is important that a facility PDM system is in place. In order to avoid duplication of effort it is therefore 

important to make that system available early in the project. 

Most data about a facility is nowadays created via the use of design systems. The officially released 

results and revisions of those design systems shall be transferred to the facility PDM system. The facility 

PDM system itself has not primarily a role as a design system, but it acts as data integrator and a 
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consistency verifier. To some extent its role can be compared with a project administrator who receives 

and stores „released‟ data, but it does more than that because it also has engineering rules sufficient to at 

least verify consistency. Any staff should then be able to review the latest version of the data. 

The level of detail as results from the normal design process is also the level of detail of the facility 

model. This includes the decomposition of the processes and streams as well as a decomposition of the 

hardware.  

All data about those processes, fluids and physical objects and their relationships, especially those that 

appear on data/requisition sheets shall be included in the facility model as a consistent set of expressions 

(see Figure 3).  

 

Figure 3, A Facility Model 

The resulting facility model shall be used as the official source of data about the state of the design and 

later about the state of the operational facility.  

In order to be able to fulfill that role the facility model shall include all data that is traditionally stored on 

documents and drawings. Remaining textual documents shall be stored as files in the EDMS section of 

the PDM system with an automated link to the object, process or activity in the PDM system about which 

it provides information. 

2.5.2. The structure of a Facility Model 

A Facility Model is an integrated collection of expressions about a complete facility. Such a Facility 

Model requires integration of data of various equipment and systems, coming from different sources. 

Such integration can only be achieved when the data are brought together in some way or another.  

A facility model consists mainly of a hardware model and a process model.  

The hardware model provides a complete decomposition tree of the physical facility (as designed), each 

of which components is classified. This is also called an asset break-down structure. A hardware model 

can contain all the design aspects of the facility components and the data about the installed equipment as 

far as required for reference during maintenance, operation and facility modifications. 

The top of the hardware model consists of a decomposition of the facility as a whole (e.g. a complex or 
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site) into e.g. process units and site systems, which are further decomposed into equipment units. Each 

equipment unit can on its turn be further decomposed in its parts and physical features. 

Thus, it is recommended to start the creation of a facility model by the creation of a decomposition 

hierarchy in which each component is classified. This can be done for example as follows (note that the 

unique identifiers need to be added): 

Name of left hand 
object 

Name of relation 
type 

Name of right hand 
object 

Unit 1300 is a part of Dongting plant 

KS-1301 is a part of Unit 1300 

LS-13010 is a part of KS-1301 

K-1301 is a part of KS-1301 

P-13010A is a part of LS-13010 

 

In addition to such a hierarchy it is required that each item is classified. For example as follows: 

Dongting plant is classified as a process plant 

Unit 1300 is classified as a process unit 

KS-1301 is classified as a compressor system 

K-1301 is classified as a compressor 

LS-13010 is classified as a lubrication oil system 

P-13010A is classified as a pump 

 

This means that the equipment on an „equipment list‟ (usually a tabular document) forms an integrated 

part of the facility model. 

A hardware model can have an internal structure. For example: 

- The components can be connected to each other 

- The whole or the parts can be involved in processes and activities in various roles. 

A process model can also have an internal structure. For example: 

- processes and their parts can be related to process materials, energy and control signals, which can be 

involved as input or output or as being contained, 

- processes and their parts can be related to equipment, control systems, electrical systems, etc., which can 

be involved as performers. 

Equipment models and process models of a facility are integrated in one consistent whole. The top 

structure of that whole model covers the content of process flow diagrams (PFS‟s) and material and 

energy balances. This integration is achieved via the description of the roles of the various physical 

objects in the various parts of the process (see Figure 4). 
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Figure 4, A general model of a process in a facility 

A complete facility model also includes activity models that describe the human activities necessary to 

operate and maintain the facility. They are described in an analogue way as the description of the process 

models1. Activity models are usually defined only for standard types of activities, often in the form of 

procedures, where people are the performers and hardware or fluids are the undergoers of the activity, 

involved as inputs or outputs. 

2.5.3. Process Models 

Process design is the activity to create a process (information) model (which is sometimes called a 

Process Specification) that defines an imaginary process. Typically it is about material transformation, 

transport and control processes. Process design consists of the specification of process stages (also called 

processes) and their sequence, as well as a specification of the fluids and solids or information (signals) 

and energy flows and their operating conditions and process parameters. They are the physical objects 

that are input to, subjected to and output of the process stages. Furthermore, process engineers also 

specify in outline the physical objects that will perform or enable the process stages and the connections 

between the objects. Thus an information model of a process (a process model) will include at least the 

processes, their subjected fluids or solids and their performers or enablers. Not only activities. A process 

model may also include a specification of algorithms that describe the processes/activities, by defining 

how the outputs of a process are derived from the inputs and what happens with the internal process 

materials (hold up), utility streams and control signals.  

The core of a process information model is an expression of the process stages, their inputs, outputs and 

performers and their classification. The following table gives an example of the core of a specification of 

a process stage, being a compression process P1: 

P1      is classified as a         compression 

P1    has as input                  S1 

P1       has as output                S2 

P1       has as performer            C-101 

C-101  is classified as a             compressor 

S1         is classified as a            gas 

S1 is classified as a gas 

Thus P1 is the process or function that is performed by the compressor, whereas the gas is subjected to 

                                                      
1 In the standard a process is defined as a specialization of a more general concept of ‘activity’, which includes both human 

activities and processes, occurrences, events and phenomena in non-human physical objects. 
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the process. By specifying also the properties of the streams, the core of the process is defined. 

The compressor C-101 is an imaginary physical object that represents and intention to have a materialized 

one. 

After the delivery of a materialized compressor, for example with serial number X-123456, we can state: 

          X-123456   is a materialization of C-101 

and/or   X-123456     is installed for         C-101 

Processes are usually graphically represented on schematic diagrams. For example, on process flow 

diagrams (PFD‟s, ISO 10628) or on IDEF0 diagrams (http://www.idef.com). The symbols on such 

diagrams represent streams (physical streams, which may act as information carriers) and represent either 

the processes/activities or the performers of those processes and activities. The process (information) 

model relates the two anyway. On some kind of diagrams (such as PFD‟s) the symbols are associated 

with (coded) names (tag names) of equipment and sometimes include main dimensions of equipment. 

This indicates that those names (tag names) refer to (imaginary) physical objects (see below). This means 

that the associated symbols also refer to the things that are denoted by the tag names. This can be 

expressed as follows: 

C-101     is symbolized by    Symbol-1 

Symbol-1 is classified as a compressor symbol 

Symbol-1 is located on T-123.456 sheet 1 (at a particular coordinate point) 

If there is more than one process case, then there is a process model for each case. Each case can be for a 

steady state situation or time dependent with a time dependent description of the process and stream 

parameters, such as for batch processes, start up situations or state transitions („mode switches‟) between 

one steady state and another. 

An overall process model is decomposed into a number of unit operation models and models for the input 

and output process materials (streams), utilities and control signals as illustrated in Figure 5. 

Figure 5, A process model 
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A unit operation model is a model of a process stage. It describes a single stage of transformation or 

transport of process materials (streams).   

The structure of a unit operation model is similar to the structure of an overall process model. A special 

case of process model is a process simulation model. A process simulation model contains all the inputs 

and outputs that are parameters of a process simulator or flowsheeting software program that contains the 

algorithms to create outputs from the inputs. This is illustrated in Figure 6. 

Figure 6, Process simulation model 

The description of the input streams and output streams of process materials and their operating 

conditions are the most important aspects of a process model. Each process material or stream is 

described as a distinct product model.  

A product model of a fluid mixture consists of the bulk properties of the mixture and when applicable a 

decomposition into phases with the properties of the phases, plus a decomposition of the mixture and/or 

the phases into components and their properties. Those components may be pure components (chemical 

species) and pseudo-components or fractions. The properties of pure components will be part of a 

standard knowledge base of data that should be shared data at least throughout the total facility model, but 

preferably wider than that. 

The topology of the process is formed by the relationships between the various unit operations in an 

overall process model. This topology is defined by the description of the roles (such as input and output) 

of the materials, energy and information streams between the various unit operations. When a fluid is 

defined as output of one unit operation and the same fluid is defined as input in the following unit 

operation, then the topology is basically defined. The same holds for utility streams, such as cooling 

water, steam and electricity. Also for the topology of the control system it is defined which streams are 

subject of measurement and regulation and for each control signal what its role is in the various control 

process stages or functions. 

Equipment will be involved in a unit operation in the role of performer or enabler, but a process model is 

largely independent of the details of that equipment. That fact of that involvement is recorded as a 

relation between the process and the equipment, but the detailed facts about the equipment are not part of 

the process model but part of the equipment model. Note that this distinction between a process model 

and an equipment model is not essential as both models are integrated in one facility information model. 

Thus the equipment exists only once. But there are two collections of expressions of facts about the 

equipment. 

Further guidelines on the modeling of activities and processes is given in chapter 9 and in the document 

“Gellish Modeling Method – Part 5, Modeling of Activities and Processes (Ref. [6]). 

2.5.4. Process Flow Diagrams and Control Diagrams 

The process models as described above define a whole process, although without a schematic 
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representation. Process Flow Diagrams (PFS‟s) are of prime importance for human interpretation of a 

process. Therefore, schematic representations of the process form an integral part of the process model 

with the function of user interface. The diagrams can be expressed in Gellish English in order to become 

computer interpretable. This means that the symbols on the PFS‟s will be associated with the objects that 

they symbolize and the software to view the facility model can use these symbols (their coordinates) to 

get access to the data about the symbolized processes, equipments, streams, etc., including the data about 

the equipment that performs or enables those processes. The same holds for the control logic diagrams. 

This is further described in the Gellish Modeling Method – Part 8, Integration of 1D, 2D and 3D Product 

Models (Ref. [8]). 

2.5.5. Equipment Models 

Equipment models are often in fact models for equipment units, such as pump units that include a driver, 

a gear box and a pump or even several of them. The bare equipment as is often purchased forms part of 

such an equipment unit model. A model for bare equipment is also called an equipment model. An 

equipment model has a similar structure as a model for a complete facility or process unit. From an 

overall perspective the equipment models form a further decomposition of the facility.  

Equipment models define a decomposition of the unit in pieces of equipment, which are further 

decomposed in bare equipment, auxiliary systems, such as lubrication systems and foundations, each of 

which is further decomposed into equipment components. 

An equipment model consists of an integrated description of all data about a piece of equipment. An 

equipment model includes the data on equipment data/requisitions sheets, and information on other 

documents about the equipment (see Figure 7).  

 

Figure 7, A knowledge model of an Equipment System 
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To improve the quality of the equipment models it is important to develop generic equipment models in 

which the knowledge about the type of equipment is captured. From such models „fill in the blanks‟ data 

templates can be derived. 

One of the basic rules of Gellish is that all data about the equipment should be attributed to the object or 

component that really „possesses‟ the aspects. For example, the process data on an equipment data sheet 

is not data about the equipment, but data about the fluids that are inputs or outputs of the unit operation 

for which the equipment is the performer. Those fluids are the same as those that appear on material 

balances. It is important that such fluid data should appear only once in the facility model.  

In a facility model the equipment models shall be integrated with unit operation models. This integration 

is achieved by defining the roles of the process materials, utilities, controls and equipment in the unit 

operation. 

2.5.6. Component Models 

Equipment components and components of systems are distinguished in engineered components and 

standard components.  

For an engineered component a separate design is made for every individual component. Such designs are 

documented in dedicated component product models, whereas the components and their parts and aspects 

are individually identified and named. Therefore, such models can be defined as an integral part of a 

facility model. 

For a standard component there will be one design that is representative for many components of a 

particular kind. Therefore such a design (such a model) is a model for a kind of item, also called a product 

type. 

Standards bodies, such as ISO, BSI, DIN, API, ASME, etc. publish standards for complete components, 

and they also publish standards for aspects of components, such as steel qualities or standard shapes. 

Many manufacturers define proprietary „standard components‟ that are specific for those manufacturers. 

Such manufacturer specific components are also called manufacturer‟s models, typically denoted by a 

„model and size‟ in catalugues, because manufacturers will typically deliver various sizes of the same 

model. Often those manufacturer‟s models have specifications that are within the constraints of public 

standards for the various aspects of public standard component models that are defined by standards 

bodies. 

For example, Manufacturer XYZ produces products such as model A in sizes 3”, 4”and 6”. The smallest 

product type is denoted as XYZ-A3, which is classified as a thermometer. The manufacturer will have a 

detailed design of that product type and publishes the main product properties in his catalogue. When an 

engineering company want to apply a thermometer T-1 of length 3” in his design, he may initially classify 

T-1 as a thermometer only and he will add some required properties, such as a length of 3”. After 

selection of a proper manufacturer‟s model he may classify T-1 as a XYZ-A3, without including a 

detailed design model of T-1, nor the properties from the catalogue in his facility model. Thus the only 

additional facts in the facility model will typically be: 

T-1 is classified as a XYZ-A3 

XYZ-A3 is a type of thermometer 

The actually delivered product will be an individual physical object. Assume that it will have serial 

number (part number) T-12345. Then that actual product will also be classified by the manufacturer‟s 

model and when it is installed for T-1, the following facts will typically be included in the facility model: 

T-12345  is classified as a XYZ-A3 

T-12345 is installed for T-1 

2.5.7. Integration of 2D and 3D Graphics Models 

The shapes, locations and topology of components in an assembly are typically described in the form of 

2D and 3D models. In a product model such two dimensional graphics data (2D data) and three 

dimensional graphics data (3D data) should be integrated with the non-graphical data about the products 

and their components. In order to do so at least the following four different types of integration have to be 

achieved (see Figure 8):  
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Figure 8, Data Integration and System Functionality 
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scale from various perspectives.  
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It is especially important to distinguish the required functionality for data integration from the advantage 

of function integration, i.e. the integration of various functionalities into one system.  

For example, a system for 2D and 3D Visualization (type 3) might be done with a simpler system than 

required for a 3D detailed design (type 4), whereas the data integration (type 1) might be achieved via the 

use of another system that is made to support data integration only. 

With the current state of technology full integration of all four types cannot be achieved in one system, 

because of the following reasons: 

 In practice neither all (nor most) parties, nor all disciplines within those parties will use the same 

system. 

 None of the available systems contains all functionalities required for the design and visualization of 

all kind of equipment, instruments, etc. 

 The user friendliness (and user interfaces) of specialized systems is better and more suitable for all the 

various parties than the more complicated general purpose systems. 

On the basis of these considerations an implementation plan should cater for the fact that various parties 

and disciplines within those parties will use different tools for the various types of integration. 

The following draft scenario for an implementation plan is based on that conclusion: 

 Integration type 1 
To achieve integration on non-graphical data either one system is required to act as data integrator 

and data communicator (PDM system) or the data shall be expressed in a common language and stored 

in a system independent way, using coordinated unique identifiers (UID‟s) and made accessible to 

multiple systems. This system or the allocation of UID‟s and the definition and usage of the common 

language the shall be managed under supervision of a Project Main Contractor (PMC).   

Note: For a big project it might be required (for logistics and performance reasons) to install more than one 

implementation of a PDM system, with different databases for groups of facilities, although managed via the 

same system. 

The strength of this approach has to be its data warehousing functionality, with less priority on its 

design capabilities. In other words a PDM system shall support many file formats for import as well as 

for export of data. The system shall also have capabilities for integration of all kind of data from 

various sources and capabilities for quality verification and reporting, version management and 

progress control. It shall also have capabilities for management of standard reference data, access 

control, browsing and viewing of data, integration with documents, etc. 

 Integration type 2 and 3 
Given the presence of such a PDM system, then there are two scenarios for integration type 2 and 3 

(schematics and visualization). The first scenario can occur, however the second scenario will 

certainly (also) occur: 

1.  Schematic drawings as well as 2D and 3D views are made through the use of the integrated system 

that acts both as central PDM system and as design tool, as far as it can fulfill that role. 

2.  Schematic drawings as well as 2D and 3D views to scale are made through the use of specialized 

2D en 3D CAD systems. In this case intelligent CAD systems shall be used that shall have a good 

interface with the PDM system to import and export data. 

 Integration type 4  
Integration of 2D and 3D detailed design has to be achieved through the use of advanced 3D CAD 

systems. However the integration of data from various disciplines can only be realized through the use 

of this CAD system when that system is suitable for a role as PDM system. 

Wherever this is not the case a separate PDM system shall be used to achieve the data integration. The 

equipment and component data from those 3D CAD systems shall be stored also in the PDM system to 

achieve integration, consistency and realization of one unambiguous master source of data. 

Note: All the data in a 3D CAD system that do not define a 3D shape can in principle be kept outside the 

CAD system. All that data can as good or better be stored, integrated and managed in a PDM system.  
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It can be made possible that the 3D shape model (geometric models) that are made through the use of 

various 3D CAD systems are viewed and maintained during the operations en maintenance phase of the 

various facilities through the use of one system (e.g. using ISO 10303-42 and an ISO-STEP graphics 

model viewer). To enable that, those geometric models should be migrated to and delivered in one and the 

same system.  

Further guidelines on the integration of 1D, 2D and 3D information is given in the „Gellish Modeling 

Method – Part 8, Integration of 1D, 2D and 3D Product Models‟. (Ref. [8]) 

2.5.8. Role of documents and files in a Facility Model 

The ambition of a facility model is that the facility is defined completely through the data about the 

facility and the documents, included drawings can be generated from that data. However for various types 

of data, such as certificates, contracts and other once-off historic data, the realization of that ambition is 

of low priority. Therefore various drawings and textual documents will be made in formats that are 

inconsistent with the total facility model. Such documents and drawings can be made in native formats or 

scanned as raster images. Examples are formats such as MS-Word (.DOC) format or dumb AutoCAD 

(DWG) format and TIFF raster format.  

A file in such a format is itself an object in the facility model. The facility model should have explicitly 

defined relations between the objects that are described by those files and the files themselves. The 

definition of the aspects of the file (the „index data‟) should also be integrated in the facility model. This 

implies integration between a document management functionality (EDMS-functionality) and PDM system 

functionality and allows for a gradual migration from document management to product data 

management. 

Because of the product oriented approach, instead of document oriented approach, it is neither useful to 

record references between documents, nor to define position numbers for objects on drawings. Instead of 

that all aspects of any object should be related to that object directly. Sub-sets of those aspects can be 

grouped together and version management of those groups of data about an object is essential, although 

version management of documents (files) remains important as well. 

2.5.9. Product Data Management systems  

For storage of a Facility Model it is recommended to use a Product Data Management System (PDM 

system), which should be suitable for the storage and integration of all kinds of data originating from 

different data structures (= defined according to different data models).  

Therefore companies that own or design complete facilities are recommended to acquire a PDM system 

which internal data structure is based on the Gellish language and which is intended for integration 

(merging and consolidation) of data from different sources. Such a system should manage versions and 

variants of data, keep track of history and should provide a mechanisms for import, merging and 

consolidation of new data with existing data. Therefore, an important purpose of such a system is to 

verify data completeness and consistency. 

It is a prime requirement for such a system that it has virtually no constraints in the type of data it can 

store. This means flexibility and a high degree of generalization. These are exactly the requirements that 

resulted in the development of the Gellish language. Therefore the Gellish language implicitly expresses 

industry requirements for the data storage capabilities of a PDM system. 

Such a PDM system can then act as  

- official source of actual data which needs to be exchanged between systems and people, 

- official source for reference data, such as a library of standard data (Gellish Dictionary), 

- official source for standard parts, such as equipment and part catalogue data, 

- official source for Thesaurus terms for document management, 

- central archive for historic data, 

- a flexible query and retrieval environment for all sorts of ad-hoc queries, 

- a means to navigate through the equipment hierarchy to find the associated data and documents.  

A requirement for such a PDM system is that it can import and export the Gellish language definition and 

dictionary / taxonomy and can import and export knowledge, requirements and product model data in 

Gellish Tables. It should also support the validation and consolidation rules to manage the quality of the 

merged set of data.  
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Data consistency means that the same data on different places are identical and different data that are 

correlated in some way obey the rules of the correlation. For example, stream properties on a material 

balance shall be identical to the same stream properties on a pump data sheet and on a piping data sheet 

and on a control valve data sheet if they all process the same stream. 

Data consistency can be achieved as follows: 

1. By storing data only once. This seems trivial, because when data is not duplicated, then it cannot be 

inconsistent. However, in a paper based world as well as in today's electronic data world, data are 

duplicated frequently. Unfortunately managing the propagation of changes to all copies is an 

unsolved problem. The prime solution to this inconsistency problem is to ensure that data is stored 

only once and that there is only one authorized source for each data element. This requires the 

allocation and maintenance of unique identifiers (comparable with an ISBN number for books) for 

each data element within the managed environment. 

The management of unique identifiers (UID's) is further discussed in chapter 7. 

2. By integration of all data about a facility from the perspective that they shall form one coherent set: 

the facility model. The relationships between the items are currently scattered all over the place. They 

are hidden in various sets of data and documents. This means that data dependency is also obscure.  

Integration of that data into one facility model is required to manage this problem. A central PDM 

system could support this, because it could manage the consistency of all the relations between the 

various components and could support e.g. automated consistency verification procedures. 

In order to exploit the benefits of standardization and integration it is important that application systems 

are extended with Gellish compliant import and export capabilities in Gellish Table form to exchange sets 

of data between parties within a company and where appropriate also with parties outside a company.  
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3. Introduction in semantic modeling 

Natural languages have a great flexibility to express a meaning in many different ways. This high degree 

of freedom provided by the rules of a natural language gives it its beauty and semantic richness, but it 

also implies an inherent risk for misinterpretation and misunderstanding. 

Furthermore, many words in natural languages have various meanings dependent on the context in which 

they are used. As a result, in many cases we can find various meanings for the same word in a dictionary. 

Each meaning actually represents a different concept and because we indicate those different concepts 

with the same word we call such a word a homonym. 

Fortunately, human beings have the ability to automatically select the proper meaning of a word from its 

context.  

Computers, however, neither have that automatic capability nor the power to interpret the complex 

sentence structures of natural languages. Therefore, computers need a subset language that is constrained 

to predefined contexts in which words have only one unique meaning and to relative simple structures for 

its sentences. For that reason the Gellish English subset is defined. Nevertheless, the relative simple 

structures of Gellish have a remarkable expression power, as is demonstrated in the various parts of the 

Gellish Modeling Method documents. 

Information is expressed in Gellish as a collection of atomic expressions, each of which basically consists 

of two things and a relation of a specified kind between the things. The meanings of those kinds of 

relations are defined also in the Gellish Dictionary-Taxonomy. The Gellish language thus consists of two 

parts the definition of a grammar and the definition of concepts and a vocabulary. 

1.  The Gellish Grammar.  

The Gellish grammar is a subset of a natural language grammar that defines the structure of 

expressions. Each expression in Gellish is an expression of an atomic main fact or opinion, which is 

accompanied by a number of auxiliary facts. Each of the main facts consists of a structure that is 

basically formed by  

- a left hand object,  

- a relation type,  

- a right hand object.  

Typically the expressions are presented in tabular form in a Gellish Data Table. The Gellish Data 

Tables and the auxiliary facts are defined in the document „Definition of Semantic Databases and 

Messages‟ (Ref. [4]). 

For example, the standard relation type „can be part of a‟ can be used to create the sentence that 

expresses a fact, such as: „a bearing can be a part of a motor’.  

There are many standard relation types defined in the Gellish Dictionary-Taxonomy, which enable to 

express many kinds of relation and they can be further extended when required. For example, there are 

special kinds of relations available to express relations between occurrences (happenings) that enable 

describe sequences of events, activities, processes and behavior of objects in occurrences and to 

describe relation between each other, including also to describe the roles that objects play in those 

occurrences.  

     
    Note, that the term „object‟ in this document is a very generic concept that can mean anything, ranging from 

    physical objects to occurrences and all kind of aspects such as properties, etc. 

 

In information technology terminology this Gellish grammar is a representation of a very large and 

flexible Data Model.  

2.  The Gellish Concepts and Vocabulary 
The Gellish Concepts and Vocabulary are defined in the Gellish English Dictionary-Taxonomy 

(formerly called STEPlib). It is an electronic smart English dictionary (or thesaurus or lexicon) that 

contains definitions of concepts, such as in an ordinary dictionary, but in addition to that it represents 

each concept by a unique identifiers (UID) and denotes the concept by one or more names, 

abbreviations, codes, and other synonyms, and it also includes relations between the concepts. This 

makes that the concepts are arranged as a taxonomy (subtype-supertype hierarchy). The terms in the 
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dictionary form the idiom of words with which sentences can be made to express facts according to 

the rules of the Gellish grammar. 

Gellish expressions are expressions of information, like in a normal language. Each expression describes 

an atomic fact. A collection of one or more atomic facts expresses something that is the case. Such a 

collection of facts can be graphically represented as a semantic network, in which the subjects and objects 

of the facts form the nodes and in which the relations form the edges.  

This means that in Gellish information is a collection of facts expressed as a collection of 

relations between things2. 

For example, the core of a correct Gellish expression could be: 

P-6052 is classified as a centrifugal pump 

From the definition of the relation type („is classified as a‟) it can be concluded that: 

1. The object with name „P-6052‟ is an individual thing. 

2. The object with the name „centrifugal pump‟ is a kind of thing. 

From the Gellish English Dictionary-Taxonomy it can be concluded that centrifugal pump is a subtype of 

„physical object‟, and thus it inherits from that supertype that it obeys the laws of physics.  

It is also a subtype of kinds of things (concepts) in the hierarchy between „centrifugal pump‟ and „physical 

object‟ from which it inherits definition aspects. For example, it can be concluded that it is a „pump‟ and a 

„solid item‟ and it is „material‟, so P-6052 is solid and has a mass and can act as a performer of a pumping 

process. All that knowledge is available even if it is not explicitly defined directly for the concept 

„centrifugal pump‟. 

3.1. The Scope of the Gellish Language 

The Gellish Language has a grammar with a general capability. The language can be used to describe the 

design and behavior of complete facilities, equipment and fluids and all their components and their 

operation, including the human activities in relation to those things, such as procurement and 

maintenance. The only provision is that the necessary dictionary terms are available in the dictionary or 

are added so that its scope is further extended. The base dictionary provides concepts to describe 

complete facilities, their components, processes and fluids. However, the grammar of Gellish is 

applicable for any physical object, items as well as fluids, including activities, processes and events 

during their whole life time. Thus ranging from the functional design (such as in process engineering), 

detailed design, through construction, operation, maintenance and enhancement to demolition and 

restoration of the environment. 

This means that the language is suitable to express the relationships between any physical object, 

geographic items, artifacts, waves and fluids as well as any process, activity, event, organization and 

person involved during the whole life of any facility.  

This Handbook does not describe the full capabilities of Gellish language, because the standard relation 

types can be extended since the issue of this document. The collection of standard relation types and their 

definition is published on the Gellish website in SourceForge (see the Upper Ontology part, called 

TOPini) 

The Gellish language is independent of any computing platform. 

It has virtually no constraints in terms of types and volumes of data it can handle.  

                                                      
2 This is an important difference between Gellish and conventional database systems and data models, because in conventional 

database systems the information is contained in the objects in the form of attributes and as an implied classification that an 
instance is of a specific object type or class, whereas in the Gellish language information is contained in the relations between the 
objects. 
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4. Guidelines on the use of the grammar 

An atomic fact is expressed in Gellish as a single relation between two „objects‟. 

Each atomic relation has the following standard structure:  

Fact id Left hand object Relation type Right hand object 

id-1 object-1  is related in a particular way to  object-2 

 

For example, the following three atomic facts describe that bearing B-1 is a part of electric motor M1. 

 Fact id Left hand object Relation type Right hand object 

1 B-1  is a part of  M-1.  

2 B-1  is classified as a  bearing  

3 M-1  is classified as a  electric motor 

 

The element of the expression between the two objects is called the „fact type‟ or „relation type‟. The 

Gellish Grammar comprises of a standardized set of such fact types 

Appendix A presents an overview of the standard fact types that form the core of the Gellish Grammar at 

the moment of creation of this manual. The latest version of it is available on the SourceForge website.  

At the left hand and right hand sides of a „relation type‟ the user should provide the objects that are 

related, so that the combination forms a little sentence that expresses a fact, such as a fact about a piece of 

equipment, a facility, a fluid, etc. or its design, operation or maintenance.  

4.1.1. Facts about individual objects 

When a user describes a design or an actual facility the main objects that are related are individual objects 

and individual properties. Then the main relation types begin with „is a‟ or „has a‟. In such cases the 

following Gellish rule should be applied: 

Rule 1:  Each individual thing shall be classified by a kind of thing (a concept) that is selected from the 

Gellish dictionary or from its extension. 

This should be done in separate explicit classification relations as illustrated in the above example for 

object B-1 and M-1. 

When an individual design or actual facility is described it is recommended to adhere to the following 

recommendation: 

Recommendation 1: First create an asset breakdown structure with as single top element the facility that 

is described. This structure is also called a decomposition hierarchy or an object tree of the 

facility. 

For example, an asset breakdown structure of a process plant can be expressed as follows:  

Fact id Left hand object Relation type Right hand object 

4 process unit-1 is a part of plant-1 

5 site system-1 is a part of unit 1300 

6 equipment system-1 is a part of unit 1300 

7 piping system-1 is a part of  site system-1 

8 piping system-2 is a part of  unit 1300 

9 control system-1 is a part of unit 1300 

10 P-1301 is a part of unit 1300 

11 control valve-1 is a part of piping system-1 

12 control valve-1 is a part of control system-1 

 

Note that for each item rule 1 should be obeyed. 

With the asset breakdown as a backbone structure it is recommended to add individual aspects to the 

individual objects that possess them. This addition should make repeated use of the following collection 

of expressions to add an aspect to an individual object. 
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Fact id Left hand object Relation type Right hand object 

20 object-1 has as aspect aspect-1 

21 aspect-1 is classified as a aspect 

22 aspect-1 is qualified as qualitative aspect 

 

For example: 

Fact id Left hand object Relation type Right hand object 

23 P-1301 has as aspect capacity of P-1301 

24 capacity of P-1301 is classified as a capacity (volume flow rate) 

25 capacity of P-1301 is qualified as 5 dm3/s 

 
Note 1:  Elements in italics are selected from (or added to) the dictionary. 

Note 2:  Qualitative aspects can also include qualified (non-quantified) aspects, such as colors (e.g. red) or 

qualities such as corrosiveness (e.g. corrosive). 

Note 3: The qualitative aspects are generally selected from the Gellish dictionary. However, they may also 

be quantified by a direct mapping to a number on a unit of measure scale (UoM).  

Note 4:  Physical objects that have aspects can also include batches of fluids or streams, such as S1. 

Rule 1 requires that every object is classified. The classifying concept is an element of a specialization 

hierarchy. When software follows that hierarchy to higher levels, it can determine the supertype concepts 

of the concept that is in focus. From that hierarchy it follows what roles in relations those kinds of objects 

can play and from that it can determine what type of relations require such roles and thus what relation 

types are allowed according to the Gellish Grammar. In other words the software can determine what kind 

of facts can be expressed in Gellish about the object in focus.  

In Gellish the following default values apply (unless otherwise defined): 

Each individual object is assumed to be a single individual (and not a plural individual / collection). 

We now discuss some aspects of a few kinds of things that play an important role in this manual. 

1. Physical object. 

Physical objects cover everything that obeys to the laws of physics. 

For example, a physical object can be an inanimate physical object, or an organization or a life form 

(which has person as one of its subtypes). 

In addition to its normal classification a physical object can also be classified as an imagined physical 

object (e.g. a design) or as a materialized physical object. However, in most applications this 

classification can be eliminated, because it is either clear from the context or can be concluded from 

the semantics of some relation types. 

For example, in technical design applications it is a general rule that  

- Each physical object is an inanimate physical object. 

- Each physical object is an imaginary physical object. 

2. Occurrence.  
Occurrences cover everything that happens, such as an act (activity), a process or an event and also 

a behavior of a physical object. Occurrences are actually special kinds of relations (interactions 

between interacting things). Subtypes of the involvement relation specify in what role an object is 

involved in an occurrence. 

3. Aspect. 

An aspect is something that is possessed by a thing and that characterizes an inherent characteristic of 

the thing, or is a role that is played by the thing. It can be qualified by a qualitative aspect or it can be 

quantified.  

4. Property. 
A quantifiable aspect is usually called a property or a physical quantity. A property is typically qualified 

by a relation to a number on a scale (UoM). 

5. Quality.  
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A quality is a non-quantifiable qualification of an object. A quality is typically qualified by a qualitative 

aspect that is selected from a pick list. 

6. Text. 

A text is a string of characters that form a word or a phrase (sequence of words) or a numeric value,  

which can be related to an object as a reference or definition or description (in a context). 

7. Information (= collection of facts). 

Information is a collection of facts that can be expressed by a collection of relations. 

8. Organization. 

An organization can be seen as a structured collection of persons or the design of such a structured 

collection. 

9. Person. 

A person is an individual life form who can be treated as a physical object, although he or she 

possesses also spiritual aspects. 

10. Kind of thing. 

A kind of thing (or class) is any subtype of physical object, or occurrence, or aspect, etc. 

The above examples are ambiguous if we would not apply the above-mentioned defaults. For example, 

from the defaults in a technical design context it becomes clear that P-1301 is meant to be a name of a 

specific imaginary physical object and not about an actual one.  

In many examples in this handbook it is clear from the context what object type is meant, whereas in 

other occasions the precise object type is irrelevant for the purpose of the example. Therefore, we will 

usually ignore the precise object type (intended or actual) and just specify „physical object‟. 

4.1.2. Facts about kinds of things 

When a user describes knowledge or catalogue items or standard requirements the main objects that are 

related are kinds of things (concepts or manufacturer models / types). This means that the main relations 

have kinds of things on the left hand and also on the right hand side of the expression. 

For example, knowledge and requirements about an electric motor can be expressed as follows: 

Fact id Left hand object Relation type Right hand object 

14 electric motor is a specialization of motor 

15 Type EM 380 is a model of electric motor 

16 electric motor can have as aspect a rated voltage 

17 electric motor shall have as aspect a output power 

 

Names for concepts, such as the name electric motor, are standard names for kinds of things (in this case 

a kind of physical object) in the Gellish dictionary. Wherever a kind of thing should be used in a Gellish 

expression, it is required to select a term from the Gellish dictionary or its extension. A further discussion 

of the Gellish dictionary is given in chapter 4.2, The Gellish Dictionary. 

The TOPini section of the Gellish Dictionary-Taxonomy contains a more complete specification of which 

kinds of roles are required and which kinds of objects are allowed as role players at the left hand and right 

hand side of a relation type. Most of that is trivial as will be illustrated in the next chapters.  

4.1.3. Special kinds of facts 

Every kind of fact can be expressed by two equivalent phrases: a phrase and an inverse phrase. Both can 

be used to express the same fact. 

For example a kind of relation, such as a composition relation can be denoted by the following two 

phrases: 

is a part of 

is decomposed into 

Both phrases are synonymous, but in an expression that uses the latter phrase the left and right hand 

object shall be reversed.  
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Furthermore, any expression of a fact can be accompanied by its intention of communication. Examples 

of intentions are: 

1.  Statement This means that the creator states that the possible fact is the case. 

  In other words, that it is a fact. This is the default. 

2.  Confirmation This means „indeed, it is the case‟. 

3.  Question Is it the case? 

4.  Denial No, it is not the case. 

5.  Probability It is probably the case, or may be the case. 

6.  Command It must become the case or must be executed. 

For example, to state that a particular individual  pipe has no isolation, it can be specified that it is not true 

(denial) that the pipe has a part that is classified as a isolation material. This can be done as follows: 

 Denial pipe-1 has a part that is classified as a isolation 

Note, that an actual statement (that which is the case) about a design specifies that something is the case 

in the imaginary world of the designed object and it implies at the same time that it is a requirement for a 

to be materialized object. However this does not make it a requirement (for the design). 

For example, the statement pump P-6052 is part of Unit 6000 expresses a design fact, but it also 

expresses a requirement that some actual physical pump which shall conform to the specification of P-

6052 shall be part of an actual process unit which shall conform to the specification of Unit 6000. 

Each statement can be made more precise by stating that it is a: 

1.  Requirement It is stated that it is required to be the case. 

2.  Plan It is stated that it is planned to be the case. 

3.  Forecast: It is stated that it is expected to be 

4.  Actual It is stated that it is actually the case. 

For example,  Plan: vessel-1  is subject in  pressure test-1 

For facts about kinds of objects the variation „can be‟ is used to describe the knowledge that a thing of 

that kind can be related in the specified way with a thing of the other specified kind. So: 

knowledge is described by kinds of relations which phrase starts with ‘can be…’. 

For example:  centrifugal pump can have as part a impeller  

This can be further specified by the „simultaneous cardinalities‟ of a potential fact, which specifies the 

minimum and maximum number of objects that can be involved in facts of that kind at the same time. For 

example it can be expressed that one (well formed) centrifugal pump can have 1 to 6 impellers at the 

same time, whereas one impeller can be part of zero or one centrifugal pump (an impeller may be stored 

in a warehouse or installed in a pump). This is specified as follows: 

(0, 1) centrifugal pump  can have as part a  (1,6) impeller(s) 

This still allows that one impeller can be part of many centrifugal pumps over the life of the impeller.  

This illustrates that there are two types of cardinalities: „simultaneous cardinalities‟ and a „life-time 

cardinalities‟. The life-time cardinalities are assumed to be always 1 to n, therefore they don‟t need to be 

specified.  

The Gellish grammar not only defines how to describe 'snapshot data', which are sets of data that are valid 

at a certain moment in time. It also defines how to handle 'life time data', being a 'film' of all the 

additions, changes and deletions of facility data over time. The grammar also provides constructs for 

change and version management. Snapshot data, life time data, change and version management are 

described in chapter 15, The Life of a Facility. 



Copyright © 2010 Gellish.net – All rights reserved  32
   

4.2. The Gellish Dictionary-Taxonomy 

A Smart Dictionary-Taxonomy is an electronic dictionary that not only provides definitions of concepts, 

but also relates concepts to other concepts and in that way provides knowledge about the concepts. Those 

relations between concepts are of kinds that themselves also needs definitions. The Gellish Dictionary-

Taxonomy provides definitions of many thousands of concepts, including also definitions of kinds of 

relation, and it also provides relations between the concepts. Those concepts and relation types have 

names that are taken from the natural languages. The Gellish Dictionary-Taxonomy provides terms for 

concepts that are required to describe complete facilities, such as process and power plants, civil and 

structural systems and buildings, including electrical, instrumentation and control systems, pipelines, 

transport systems, etc. These terms includes not only the types of facilities and all their types of 

equipment, their components and their properties, but also the process materials (fluids), construction 

materials (steels, plastics, etc.), processes, design, operation and maintenance activities, the roles of 

persons and organizations involved and the methods and procedures around it. 

The dictionary can be extended to not yet covered industries and application area‟s as and when required. 

A term in the dictionary is usually a name of a kind of thing, which is either a subtype of: 

- relation 

- physical object,  

 including materials, documents, symbols, spaces, substances, signals and waves, 

- occurrence, including activities, processes, events or phenomena, 

- role, including functions and „facilities‟, 

- organization, 

- aspect or characteristic, including properties and qualities of fluids and of solid items, 

- encoded information, including texts, such as names, descriptions and standards,  

 algorithms, methods, procedures and mathematical objects. 

Specialization hierarchies of all these types of concepts are defined and are being continuously enhanced 

and extended. 

The complete collection of concepts in the dictionary-taxonomy forms a consistent specialization 

hierarchy. That hierarchy is illustrated in Figure 9.  

 

Figure 9, The Gellish Dictionary-Taxonomy architecture 



Copyright © 2010 Gellish.net – All rights reserved  33
   

  

The top of the hierarchy is formed by very generic concepts. Such concepts are defined in the TOPini 

section of the Gellish Dictionary-Taxonomy. Several of them are also defined in ISO 15926-2. Those 

generic concepts are subtypes of the top concept called „anything‟. The lower in the hierarchy, the more 

specialized are the concepts. Each concept is defined by a „definition model‟ which consists of the 

relations about the concept that are by definition the case. 

Standard components and buying descriptions that typically are included in project standards are concepts 

that can have modeled definitions in the form of standard product models. Those concepts should be 

defined as specializations of higher level concepts. Those definition models consists of relations of other 

kinds between the concepts in the dictionary-taxonomy. 

Suppliers can describe their products according to templates for product models that can be defined for 

the various types of equipment, components and spare parts. If no standard templates are available, then 

they can be developed as part of the project. Those standard templates can include the specification of the 

data required according to the standard equipment history data sets. 

The standard reference data can also include standard designs as well as the definition of standard 

symbols to be used on schematic drawings for the facility. Next to standard data about kinds of objects a 

dictionary-taxonomy may also include data about generally recognized individual objects, such as 

geographic objects (e.g. countries), organizations and possibly persons. 

Just as a book about the English grammar can be written in English, the Gellish Dictionary also contains 

the definition of the Gellish language itself.  

The Gellish language can also be seen as an ontology that documents knowledge about the structure of 

the world, mainly from an engineering perspective. 

The concepts in the Dictionary are associated to each other by means of a set of relation types. They are 

used to describe:  

 - subtype/supertype relationships between concepts: … is a specialization of … 

 - possible compositions:  … can be a part of …  

 - possible connections:  … can be connected to … 

 - recognized properties which an object can have:  … can have property … 

 - recognized textual definition of an object: … can be defined by … 

 - recognized roles of objects:  … can have a role as … 

 - recognized roles in activities: … is a recognized role in … 

Every kind of object in the dictionary is defined (at least) by being a specialization of a more general kind 

of object (its supertype) and by a textual definition.  

For example: 

  pump is a specialization of driven equipment which is … 

 electric motor is a specialization of motor which is … 

Note: this relation type may also be called: … is a kind of … 

The dictionary terms for concepts are used in the Gellish Language mainly to express how things are 

classified or how their role is classified. So, by using the relation types: 

 … is classified as a  [kind of object] 

or … has a role as a [kind of role]  

For example: 

 P-101 is classified as a pump 

 R-1 has a role as a meeting room 

A large number of engineering expert groups (peer groups) from a variety of companies in many 

countries are organized (coordinated by the author of this document) to develop and maintain this 

dictionary. The content and the management procedure to develop and maintain the Gellish Dictionary is 

documented in the Gellish Language Extension Manual – earlier called „Guide on STEPlib‟.  

Proposals for extensions and enhancements, e.g. as feedback from usage of Gellish can be put forward by 

anybody, provided they are done according to the procedure described in that Guide. 
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Proprietary extensions to the dictionary are also possible. They can be required for the definition of new 

inventions and company specific terminology. However, because those private extensions are not part of 

the standard, they have a limited applicability. 
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5. Information about objects 

The Gellish language makes a fundamental distinction between an object („das Ding an sich‟) and 

information about an object.  

Each object is represented in the Gellish by one specific unique identifier, the UID, without any further 

information.  
  In IT terms: entities in the data model have no attributes.  

What is meant by „information about an object‟ will vary, dependent on the view of the user. Basically 

everything is related to everything in some way. This implies that all information about the objects in a 

facility forms one integrated network of linked facts. Therefore it is virtually impossible to define on 

beforehand where information about an object stops.  

The solution to this problem is that we accept that there are various views on an object and that each view 

consists of a collection of facts about an object. Such a collection of facts defines a specific cut out 

(subset) of the total network of facts. Each such a collection is a subset of all available information and 

comprises of a specific (sub)network of information in which the object itself is present as the core 

„node‟. Such a network is also called a ‟cloud‟ of information. 

In IT terminology such a view is sometimes called a „business object‟. From a business perspective it may be 

information that is presented on a document.  

It should be stressed that this means that a business object is NOT a physical object, but it is information 

about an object. So, for example, it is not a vessel, but it is (some) information about a vessel. In Gellish 

both the physical object and the information appear as separate „objects‟. 

Information about an object (a view) is defined as a collections of facts, whereas each fact is expressed by 

a relation, its classification plus its two related objects. In linguistic terms such a collection of facts is 

called a „semantic network‟. So „information‟ should be seen as an information network or a network of 

relations, where the relations are the vertices in the network and where the related objects form the nodes 

in the network.  

In other words: „the‟ information about an object is in the Gellish represented by a subset network (cloud) 

of relations between nodes cut out of a bigger network.  

For example, physical object #1 is uniquely identified by a specific node in the network, but the 

boundaries of the information (set of facts) about such a physical object has to be defined separately by 

„inclusion‟ of facts in „information about the object‟ (see Figure 10).  
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Figure 10, Example collection of facts (information) about an object 

For example: when the data about a physical object (e.g. P-6052) is to be exchanged, it is necessary to 

define which information about that material shall/will be exchanged. In other words, to define a query to 

select data about pump P-6052 from a database (e.g. for exchange via a part 21 STEP file) it has to be 

defined which data (the facts) about the pump should be included. It has to be defined whether it includes 

relations with organizations and activities and/or which relations with the parts of the material are 

included or the properties of those parts, etc. 

So an object in Gellish is defined in two ways: 

1.  The concept of the object itself (the existence of the node in the network): 

This is defined by the fact of existence of the object, represented by a UID. 

2.  Various collections of facts (information) about the objects: 

The facts included in a view can be defined to be included in the information either by explicitly 

inclusion of relations or they can be collected by applying a set of rules.  

An example of explicit inclusion could be:  

  relation #1  is included in  information #2.  

The information should also be associated with the object about which it holds facts. This can be done 

through a relation called: 

  information #2 is about  object #3. 

Before we can explain the details about the concept of information and the management of information 

about objects we first need to explain how to define objects. After that we will come back on this subject 

in chapter 16, Information about objects - Semantic networks 
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6. Functional specifications & process design 

In the discrete manufacturing industry a design or specification typically starts with the specification of 

the functional requirements for the physical object (the discrete item). That is a specification of what a 

system, facility or item is required to do or the specification of its functions. 

In the process industry a design or specification also starts with what is required to be done. However, 

there it is called „process design‟ and that design is described in terms of the processes that take place in 

the fluids, signals and energy that need to flow through the future discrete items in order to achieve the 

intended objective. 

These two approaches and two sets of terminology can be harmonized and described by using the same 

mechanisms as described below! 

In the „discrete manufacturing’ industry approach the term „function‟ indicates „what should be done and 

which roles should be fulfilled‟. In other words which activities, or behaviors are required and what roles 

the items should play in those activities or behaviors. Such an „activity‟ or „behavior‟ can be active, such 

as in a machine, or passive, such as in a building, where a room should have a role as meeting room and a 

wall or beam should bear a load. In these cases the item has a „function‟ that is described in terms of 

usage. 

The interaction between discrete items is expressed in terms of load and/or energy flows, signal flows and 

sometimes in terms of fluid flows.  

In this approach, a „pure‟ functional description describes the required behavior without defining the kind 

of discrete items that perform or enable the roles. In other words a functional design describes the 

activities or behavior of discrete items (physical objects) and the roles that need to be played. Sometimes 

it is stated that a pure functional description should not classify the players of those roles. However, it is 

clear that they can be classified at least as physical objects, and in practice they are often classified by 

high level kinds of physical objects. Often a functional design also make the loads, fluids and energy 

flows and their classification explicit, whereas they are also physical objects. 

In the ‘process’ industry approach, the description of the behavior of its discrete components is preceded 

by a description of „the process‟, which appears to be the behavior of the fluids, signal flows and energy 

flows and sometimes loads, together with the roles which should be played by the discrete items that 

enable the behavior of the fluids. Passive „activities‟ also appear, such as in storage or support processes. 

The interaction between processes is described by energy flows, fluid flows or signals, which are output 

of one process (activity) and input to another process (activity). Finally the connections between discrete 

items are used to describe mutual loads. 

In order to model the processes we define a function as a role that need to be fulfilled in an occurrence, 

whereas an occurrence is an activity or process as something that happens, which means a transition from 

one state to another. Therefore, we define activity as well as process as subtypes of occurrence. This 

means that both approaches, the „functional design‟ and the „process design‟ can both be described as 

intended sequences of occurrences in which physical objects, such as energy flows, signals and fluids as 

well as performers and enablers play roles of various kinds. The sequence of occurrences should not be 

described by „connection relations‟ between the functions or processes (activities), but they should be 

described by involvements of the fluids, energy flows and signals with a role as output from one function 

or process (activity) and a role as input in another function or process (activity). This is the normal way to 

describe the topology of a process flow and energy conversion processes (as in a process flow diagram) 

and of the control functions (as in a function block diagram). This is illustrated in Figure 11.  

  

Figure 11, Sequence of activities specified by involvements as inputs and outputs in processes. 

 

How the various roles that can be played in an occurrence are specified is illustrated in Figure 12.  
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Figure 12, Definition of roles of physical objects in an occurrence, activity or process 

Further details of the specification of activities and processes is provided in the Gellish Modeling Method 

– Part 5, Modeling of Activities and Processes. (Ref. [6]) 
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7. Identification of things 

In Gellish anything (any object, aspect or fact) has a unique identity, for example, facilities, equipment, 

components, properties, activities, etc. Such an identity is represented in Gellish by a globally unique 

identifier (UID = Unique ID), being a whole number. Normally this identifier is unknown for users and is 

hidden to the users of application systems. 

Engineers identify main equipment items usually by a tag name, which is a human readable name. Other 

items are often nameless, but can be identified by their classification and by the item from which they are 

a part.  

For example: vessel V-6060 with UID 2 has a tag name, but its shell has usually no name. However in 

Gellish the shell should have a UID, say 3. Typically the shell is denoted as the „Shell of V-6060‟. In 

other words: UID 3 is a part of V-6060 that is classified as a shell‟. This is described in Gellish by the 

following facts: 

Fact 

UID 

Language 

community 

UID of 

left hand 

object 

Name of left hand 

object 

Name of relation 

type 

UID of 

right hand 

object 

Name of right 

hand object 

101 Company X 2 V-6060 is classified as a 520121 horizontal vessel 

102 Company X 3 Shell of V-6060 is a part of 2 V-6060 

103 Company X 3 Shell of V-6060 is classified as a 520204 shell 

104 V-6060 4 N1 is classified as a 10298 nozzle 

105 V-6061 5 N1 is classified as a 10298 nozzle 

 

Other examples of human readable identifiers (ID‟s) are: asset registration number, code, model number, 

name, etc.  

It is a rule in Gellish that it should be specified in which language community context an identifier is 

unique, as is indicated in the table above. This context might also be a physical object (representing the 

community that talks about the object). For example, each vessel typically has nozzles for inlets, outlets 

and instruments, whereas typically for each vessel the nozzles are indicated as N1, N2, etc. To distinguish 

the nozzles from different vessels there language community (naming) context is the piece of equipment 

of which they are a part, as is indicated in the above table.3 4 

7.1. Identification of numbers and dates 

In most computer systems it is a convention that numbers are stored in a particular format, being real, 

integer or other. However, mathematically, numbers are defined independent of their presentation form. 

Therefore, in Gellish, numeric values (not UID‟s) are written as character strings and numbers are 

unambiguously represented by UID‟s. This enable synonyms for numbers. For example, ½ and 0.5 will 

have the same UID. This distinction in Gellish enables to separate a value from its presentation format. 

For example, the number five has a UID, but can be presented as 5, 5.0 or five, etc. Furthermore, Gellish 

numbers are defined to have a standard accuracy. For example, the accuracy of 5.0 is +/- 0.05 and the 

number 5.00 has an accuracy of 0.005. Therefore, numbers are in fact ranges around a pivot value, within 

the tolerances. Thus 5.00 differs from 5.0 and therefore they have different UID‟s. Apart from that it is 

possible to specify a relation between a property and a format that specifies that the quantification of the 

                                                      
3 Note: If data is instantiated in a data model, such as the ISO 10303-221 or ISO 15926-2 data model, then for each object it is 

required to know the entity type of which it shall be recorded as an instance. To find this entity type is not an easy task for an 
implementer of such a data model. However in Gellish this becomes an easy task as follows. In Gellish every individual object 
shall be classified by a kind of individual. That kind or concept shall be an existing concept in the Gellish specialization 
hierarchy of concepts. This hierarchy then enables to find a supertype of the kind of individual that also appears as entity type 
in the applicable data model. The found one is the entity type of which the individual object is an instance.  

4 Note: The requirement in the previous note does not apply to a direct implementation of Gellish, because in Gellish all 
relations are explicit, also the classification relations. In contrast with traditional data modeling, in Gellish the instantiation 
relation does not add any semantics, it is interpreted as a collection relation only. So, only the explicit relations determine the 
semantics. Therefore an implementation of Gellish is relatively simple. A classification relation indicates that an object is an 
individual thing, a specialization relation indicates that an object is a kind of thing and the object that relates two others is a 
relation. 
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property shall be presented in the specified format (which fact is only valid in a particular context). That 

presentation can usually be derived from the number and does not need to be the format in which the 

number is stored in the database. 

Dates also have UID‟s in Gellish, but by nature it also has no format. However, various expression forms  

(synonym „names‟) of the same date may be defined (and may be stored as synonyms in a Naming Table 

database). The range of UID's 15.000.000 – 30.000.000 is reserved for dates, which represents the date as 

yyyymmdd. For example UID 20080318 represents the 18th of March 2008. Various other presentation 

forms can be derived from those UID‟s. A database may include predefined synonym „names‟ or software 

may be used to generate expressions in the required form. It is possible to specify a relation between a 

date and a format that specifies that such a date shall be presented in a particular format (which 

specification is only valid in a particular validity context). 

For the moment in time there is a standard recommended in Gellish in which the moment in time (in fact 

it is the beginning of a period in time) is indicated by a number that is defined according to '1900 date 

system' (see  http://support.microsoft.com/kb/q180162/ ). This means that the moment in time is stored as 

a number that indicates the number of seconds and parts of seconds since 1
st
 Jan 1900. From that number 

a transformation process can be used to generate a required presentation format. 

7.2. Unique identification in data exchange 

Organizations usually have their own, internal naming and coding conventions to denote products and 

other kinds of things. Those names, codes and identifiers are called „local identifiers‟ or local ID‟s. Such 

local ID‟s are names, codes or numbers that should unambiguously identify things within managed 

contexts of organizations, projects, (database) systems or data files. A local ID denotes an object 

unambiguously only within the particular context in which it is defined and allocated. Such a context is 

called a „language community‟. All the local ID‟s of a language community together are called the 

language community dictionary, or local dictionary. In other words: within a language community the 

identification of things is managed (in an implicit or explicit dictionary). A local ID is internal to the 

organization or system that manages the identification of things or internal to the systems that are 

managed together. Other organizations, systems or files are free to use the same ID‟s either for the same 

or for different things. 

Gellish provides a mechanism to manage the unambiguous identification of things across organizations 

via managed conversions between local ID‟s in combination with globally unique Gellish UID‟s (similar 

to ISBN numbers for books). Thus organizations that use Gellish can cooperate and exchange data with 

organizations that do not use Gellish, whereas the Gellish users have the advantage of globally unique and 

unambiguous identification of objects across systems and organizations.  

The Gellish approach is as follows: organizations and systems that do not apply Gellish denote things by 

identifiers (names, codes or numbers) that are interpreted as local ID‟s within a particular language 

community.  

All information about an object within such a managed language community is to be attached to that 

object via an explicit relation with that local ID.  

There are two essential requirements for the exchange of data between parties, necessary for managing 

uniquely identified objects in different systems: 

1.  Each party should exchange the local ID‟s given by the creator of the objects together with the 

Gellish UID‟s of the language communities in which the local ID‟s are defined. The Gellish UID‟s 

of the language communities shall be allocated the rules for allocating Gellish UID‟s (see ref. [6]). 

2.  Objects should be created only once. Thus, parties that use Gellish shall make agreements about 

which party will create certain objects and they shall make arrangements about the exchange of 

identifiers of objects when facts about those objects need to be exchanged. To support different 

names of copies in different systems the relation between the local ID‟s and the creator‟s local ID‟s 

shall be maintained in a Gellish Naming Table that also includes the Gellish UID‟s of the language 

communities of both parties. 

Satisfying these two requirements enable the merging of data from different sources.  

http://support.microsoft.com/kb/q180162/
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If organizations cooperate and agree to use Gellish English as their common communication language 

and Gellish Message Tables as the format for the exchange of data, then it has a number of consequences: 

 They should adopt the Gellish English Dictionary-Taxonomy as their common dictionary-

taxonomy with terminology for communication. 

 They should use Gellish UID‟s for the concepts that are defined in that dictionary.  

 Each of the cooperating parties should extent and coordinate the content of its own version of the 

common dictionary-taxonomy (or agree to jointly manage one version) by defining concepts and 

individual things that are not (yet) available in the dictionary and by creating Gellish UID‟s from 

a reserved range of UID‟s for those concepts. That common dictionary-taxonomy should include 

also the local ID‟s (names) of the party‟s own version.  

 They should either define a reserved range of UID‟s in the free area (above 1 billion) or ask the 

Gellish language manager for a reserved range of UID‟s in the „reserved proprietary‟ range. Such 

a reserved range may be subdivided into sub-ranges for the creation of UID‟s within sub-

language communities. 

The process is illustrated with the following example. 

Assume that Company A and Company B work together on project P and agree to use Gellish English. 

Furthermore, assume that Company A uses its own terminology for its products and their aspects. The 

terminology that is used by the language community of people in Company A is called Language A.  

Also assume that Company A uses system S1 to create a Gellish Message Table as data exchange file 

with expression of four facts F1-F4, that state that the new created object D-6060 that is classified as a 

drum has a diameter of 3000 mm. The expression of those four facts using Language A terminology 

while using Gellish names for the relation types would become: 

Name of fact Name of left 
hand object 

Name of  
relation type 

Name of right 
hand object 

UoM 

F1 D-6060 is classified as a drum  

F2 D-6060 has as aspect d1  

F3 d1 is classified as a diam  

F4 d1 has on scale a value equal to 3000 mm 

Table 1, Expressions of facts that need to be exchanged 

In the above table, the local ID‟s (names) unambiguously denote objects within Language A.  

Then system S1 should convert the expressions that use Language A into expressions that use Gellish 

English.  

According to the first requirement the exchange file should include the language community UID‟s. 

Therefore, as a first step, assume that on behalf of Company A, the project manager requested the 

Gellish language manager for a range of Gellish UID‟s for denoting the project‟s extensions of the 

dictionary and for denoting the individual objects in the project. The Gellish language manager added 

language community Language A with UID 31.000.000 to the Gellish Dictionary (defined in language 

community „communication‟) and allocated the reserved range of UID‟s 31.000.000 – 32.999.999 for 

Company A. The project then created UID 31.000.001 to denote Language B as the language 

community of Company B. These two facts are recorded in the Gellish Naming Table of the project in 

Company A as follows: 

71 16 101 60 2 

UID of language 
community 

Name of language 
community 

Term Name of 
relation type 

UID of object 

190668 communication Language A is a name of 31.000.000 

31.000.000 Language A Language B is a name of 31.000.001 

Table 2, UID‟s for language communities 

In order to convert local ID‟s in Language A to Gellish UID‟s and Gellish names, the project should 

maintain a Naming Table that records the relations between the internal terms (local ID‟s) and the 

Gellish UID‟s.  
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The relevant rows in the public domain a Naming Table of the Gellish Dictionary-Taxonomy include 

the following Gellish UID‟s and standard names in Gellish English: 

Gellish UID of 
language community 

Name of language 
community 

Name of object Name of 
relation type 

Gellish UID 
of object 

193.264 static equipment engineering vessel is a name of 520.243 

550.188 physics diameter is a name of 550.188 

191.697 mathematics 3000 is a name of 922.355 

1.733 UoM mm is a name of 570.423 

Table 3, Relevant rows from the Naming Table of the Gellish Dictionary-Taxonomy 

Using these facts from the Gellish English Dictionary-Taxonomy, System S1 can produce a Naming 

Table for all the objects that appear in the expressions of facts that will be exchanged. Furthermore, 

System A can create Gellish UID‟s for the four facts. This results in the following Naming Table: 

UID of language 
community 

Name of language 
community 

Name of object Name of 
relation type 

UID of object 

31.000.000 Language A D-6060 is a name of 31.000.002 

31.000.000 Language A drum is a name of 520.243 

31.000.000 Language A d1 is a name of 31.000.003 

31.000.000 Language A 3000 is a name of 922.355 

31.000.000 Language A diam is a name of 550.188 

31.000.000 Language A mm is a name of 570.423 

31.000.000 Language A F1 is a name of 32.000.001 

31.000.000 Language A F2 is a name of 32.000.002 

31.000.000 Language A F3 is a name of 32.000.003 

31.000.000 Language A F4 is a name of 32.000.004 

Table 4, Naming Table of Company A 

This Gellish Naming Table shows that Company A created two new individual objects: D-6060 and 

d1 and four new facts. The other concepts could be mapped on concepts that already exist in the 

Gellish Dictionary-Taxonomy as can be concluded when comparing the above two Naming Tables.  

Now System S1 is able to create a data exchange file in the form of a Gellish Message Table of which 

the core is as follows: 

UID of 
language 

community 

UID of left 
hand 

object 

Name of 
left hand 

object 

UID of fact UID of 
relation 

type 

Name of  
relation type 

UID of right 
hand object 

Name of 
right hand 

object 

UID of 
UoM 

UoM 

31.000.000 31.000.002 D-6060 32.000.001 1225 is classified as a 520243 vessel   

31.000.000 31.000.002 D-6060 32.000.002 1727 has as aspect 31.000.003 d1   

31.000.000 31.000.003 d1 32.000.003 1225 is classified as a 550.188 diameter   

31.000.000 31.000.003 d1 32.000.004 5025 
has on scale a value 

equal to 
922.355 3000 570.423 mm 

Table 5, Gellish Message Table for data exchange 

Note: In Gellish Data Tables things may be nameless, because from their classification and possessor or 

assembly it may be unambiguously clear what they are. For example, The facts don‟t need to have names. 

Also properties, such as d1 might remain nameless. The Gellish rule is that nameless objects are given the 

name „nameless‟, in order to ensure that they are nameless on purpose. 

Furthermore, assume that Company B uses the name V-6060 for the vessel. Then the Gellish Naming 

Table for Company B will extent the above Naming Table by inclusion of the following row: 

 
UID of language 

community 
Name of language 

community 
Name of object Name of 

relation type 
UID of object 

31.000.001 Language B V-6060 is a name of 31.000.002 

Table 6, Naming Table extension by Company B 

The above tables illustrate how two parties can use different local ID‟s (names) for things and still 

exchange data in an unambiguous way. In further communication, the UID‟s may not change and the 

names that are allocated by the party who created the things are the preferred names in the 
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communication. 

Assume that Company B wants to reply to Company A by adding a wall thickness of the vessel of 5 mm. 

Then Company B can interpret from fact 32.000.001 in Table 5 that object D-6060 is created in language 

community Language A, so that it should communicate about it using the name D-6060 and not V-6060. 

Also assume that Company B creates UID‟s within a range that is reserved for Company B. Then 

Company B can send the following Message Table, which can unambiguously be interpreted by 

Company A. 

 
UID of 

language 
community 

UID of left 
hand 

object 

Name of 
left hand 

object 

UID of fact UID of 
relation 

type 

Name of  
relation type 

UID of right 
hand object 

Name of 
right hand 

object 

UID of 
UoM 

UoM 

31.000.000 31.000.002 D-6060 32.500.001 1727 has as aspect 31.500.001 w1   

31.000.001 31.500.001 w1 32.500.002 1225 is classified as a 550.303 wall thickness   

31.000.001 31.500.001 w1 32.500.003 5025 
has on scale a 

value equal to 
920.105 5 570.423 mm 

Table 7, Reply Gellish Message Table with additional facts 

From this returned file, the originator Company A can interpret unambiguously that his drum D-6060 has 

a wall thickness of 5 mm, although his system S1 uses different local ID‟s for the name and the 

classification compared to Company B who uses vessel and V-6060. 

Note that the diameter of the vessel originated from company A and the wall thickness originated from 

company B, as can be concluded from the UID‟s of the language communities in the exchange files. 

7.3. Concatenated codes (tag names) 

Attempts to use concatenated codes, such as tag names (also referred to as tag numbers) in IT systems as 

unique identifiers has up to now been hampered by the facts that concatenated codes are typically defined 

by business rules that are ambiguous, especially with respect to the context in which they should be 

unique. In addition to that the meaning of tag names is often misunderstood. 

So, what is a tag name?  

A tag name (or tag „number‟) a 'concatenated code', which is just a „name‟ of an imaginary individual 

physical object (for which a real one is intended to be installed). It is coded according to specific 

company dependent business rules. Like any name, tag numbers can change. They are meant to be unique 

within the context of a specific business process (e.g. a project) or within a specific facility. In practice it 

often appears that they are unique in a smaller context than expected. Thus different tag names can be 

used for the same thing (synonyms) and the same tag name can denote different objects in a wide context 

(homonyms).  

A tag name forms just a part of the information available to identify an intended physical object. Take, 

for example tag P-1401 of object with UID 103. If a person knows the business rules (coding system) 

used for coding the tag names, then he can derive information about the physical object 103 from the tag 

name and he can express that as explicit expressions of facts in the following way: 

According to a particular business rule, the character P indicates that the object 103 is classified as a 

pump and a number in the 1400 series indicates that the object 103 has a composition relation with a 

process unit with tag number U-1400. The last two characters of the tag number form a sequence number. 

In other words, the information contained in the concatenated code can be expressed explicitly as: 

UID of fact UID of left 

hand object 

Name of left hand 

object 

Name of relation 

type 

Name of right hand 

object 

201 103 P-1401 is classified as a pump 

202 103 P-1401 is a part of U-1400 

As a consequence of this it might be clear that a „tag name‟ duplicates information, which potentially 

creates inconsistency. This and other limitations make tag names unsuitable as a unique external identifier 

for an object in a wide context. 

7.4. Nameless objects 

Not all objects have names or tag numbers. For example an impeller of a single stage centrifugal pump 
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does not have a name. As long as the pump has only one component classified as impeller, also in 

practice the object is uniquely identified via its classification. In such cases it is a Gellish convention to 

give such an object the name „nameless‟ in order to indicate that it is nameless on purpose. So, 

identification of objects is often not done via identification relations, but via relations with other objects 

such as classification relations or composition relations. 

Actual physical objects with an asset registration number are in practice often referenced indirectly via 

the tag number of the intended physical object (material), thus using the realization or the installation 

relation between those two objects. 

For example, an actual impeller can be identified via the identification of the intended impeller for which 

it is installed, as follows: 

 

UID 

of 

fact 

Actuality UID of 

left hand 

object 

Name of left 

hand object 

Name of relation 

type 

UID of right 

hand object 

Name of 

right hand 

object 

201 imaginary 105 nameless is classified as a  impeller 

202 imaginary 105 nameless is part of 103 P-1401 

203 real 106 nameless is classified as a  impeller 

204 real 106 nameless is installed for 105 nameless 

 

So, a tag number is not the only way via which an object can be identified. Therefore, a consistent coding 

system is not critical for a Gellish compliant application, although important for a project. An object can 

be uniquely identified within a context and the interpretation of a tag number is unequivocally defined via 

the relations between the object and other objects. 

This means that, in addition to using tag numbers as a mechanism to identify the objects involved in 

exchange of information, one should communicate the other associated data. Tag numbers shall be treated 

as names that can be given and changed (in principle) at any stage, dependant on the business 

requirements. It may also be clear that standardization on tag numbers has limited value. 
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8. Physical Objects 

8.1. Definition of a Physical Object 

Physical objects cover all things that follow the laws of physics. This includes equipment and their 

components, but also fluids, energy, signals, waves and even surfaces and spaces such as voids. A 

material (discrete items and fluids) is characterized by the fact that is has mass and that it is a subtype of 

physical object, because it also behaves according to the laws of physics. Waves, such as radio waves, 

light and radiation have no mass and are examples of other subtypes. 

The Gellish Dictionary contains a hierarchy of a large number of standardized kinds of physical objects. 

The top of that hierarchy is illustrated by the following hierarchy: 

Physical object    

 material    

  solid item   

   life form 

   equipment item  

    mechanical equipment item 

   mechanical item   

   system  

  collection of items   

   pair  

  batch   

  stream   

  substance   

 signal    

 wave  

   

All physical objects can be classified by at least one of the above kinds of physical objects and one or 

more of their subtypes. The lower in the hierarchy the more precise information is given about what type 

of physical object it is. 

8.2. Properties of Physical objects 

Properties of solids, liquids, vapors, waves, etc. are quantifiable aspects of those physical objects.  

In general, properties are a function of time and space, which means that in general it is not sufficient to 

describe them by one numeric value. Nevertheless in practice many properties are described as if they are 

independent of time and space.  

For example, during design we might specify that vessel V-60606 has a wall thickness of 5 mm. However 

the wall thickness of a fabricated vessel will depend on the location where we measure and especially if it 

corrodes, the wall thickness will reduce over time.  

When we wants to define the value of a property in time and space, then that property is quantified by a 

mathematical object, which typically a function of the measurement location and time. 

Typically the location is identified by some coordinates in the coordinate system of a reference physical 

object and the time is indicated by a duration since a reference point in time: P = f (x,y,z,t).  

Such a function can be defined as a formula, but in general it will be defined by a collection of points in 

the space-time domain. This means that the property P is describes as a collection of properties Pi, where 

each Pi is a „point-property‟, valid at a specific location and at a specific point in time. 

For example, 

101 V-6060 has aspect  P1 

102 P1 is classified as a wall thickness 

103 P1 is quantified as 5.0 mm 

104 103 is valid at location X 

105 103 is valid at moment T1 
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Properties of physical objects can also be dependent of other properties. For example, the differential 

head of a pump (which is the pressure difference between inlet and outlet) is dependent on its throughput 

(which is the flow rate of the pumped fluid). This can be described by a „pump-curve‟, also called the 

Q,H-curve, mathematically defined by the function Q = f (H). Also in this case the function can be 

defined by a collection of points Pi = (Qi , Hi), whereas the collection of points Pi forms the pump curve. 

In the above example, the property is a function of two variables. However, for a centrifugal pump, the 

differential head Q is also a function of the diameter of the impeller D. That provides an example of a 

multi-dimensional property P = (Q, H, D). The principle of defining such a „curve‟ in a multi-dimensional 

space by a series of multi-dimensional points is the same as for the two dimensional case. 

8.2.1. Units of measure 

Units of measure are scales used to map a property on a mathematical value, typically on a number. In the 

past a „meter‟ was defined as the length a bar of metal located in Paris. This demonstrates the fact that the 

meter was just a normal property of some physical object. However, that one was standardized and used 

world-wide as a reference property. Other properties were compared to that reference property. The 

comparison delivered a mathematical number that represents the relative size. 

This illustrated that a scale in fact is a kind of relation between a property and a number.  

Therefore in Gellish the relation between a property and a number is classified by the scale. 

For example, the fact that property L1 is 5.0 mm that is expressed in Gellish as follows: 

103 L1 has on scale a value equal to 5.0  mm 

can be expanded into two parts as: 

106 L1 maps to 5.0 

107 106 is classified as a (a mapping on scale) mm 

This more detailed description is the way in which the computer interprets the Gellish Language sentence. 

This method first identifies the property and then quantifies the property on a scale. This allows that the 

size of property #1 can be expressed in more than one way at the same time. For example, when the 

property is expressed in various units of measure, or is measured more than once. 

8.3. Classification of Physical Objects 

8.3.1. Kinds of physical objects 

Each physical object can be classified according to one or more of its aspects. Such a classification 

expresses what type of physical object it is. For example, „this physical object is a …‟ (or „… is classified 

as a …‟. Such a classification, should select a standard „kind of physical object‟ from the standard 

concepts in the Gellish Dictionary. 

Users can add new concepts to the dictionary-taxonomy according to the rules for defining concepts as 

described in the Gellish English Language Extension Manual (see ref. 3). 

8.3.2. States and phases 

States and phases are described in a similar way as qualities. There is a concept of state or phase and there 

is a qualification of those concepts by (quantified or qualified) common values.  

Material can be in various states, qualified as vapor, liquid or solid, which are phases that are dependent 

on the temperature and pressure of the material. A batch of fluid can also be in mixed phase, such as 

vapor/liquid, etc. Some states have a special name, such as „steam‟, which is a type of water, but only 

when it is in its vapor phase. So a phase is a specialization of a state and liquid, vapor, etc. are 

qualifications of the concept „phase‟. 

Note that the term „gas‟ is used in two ways: one as a kind of state (phase) as synonym of „vapor‟ (especially in 

American English), the other one as a kind of atomic structure, which indicates that a batch of material will be in 

the vapor phase when being at normal atmospheric conditions.  

Solids can be in various crystalline forms. Well known examples are: snow and ice, but also ferrite and 

carbonite are states of solid material (of steel).  

The state (or phase) of physical objects can be indicated as follows: 
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  fluid-1 is in (has as aspect) state-1 

state-1 is qualified as vapor  

fluid-2 is in state-2 

state-2 is qualified as vapor/liquid  

batch-1 is in state-3 

state-3 is qualified as granular 

Other types of state describe the mode or situation in which a physical object is. For example: 

  valve-1 is in state-1 

state-1 is classified as a open  

item-1 is in state-2 

state-2 is classified as a corroded  

Note, that all these states can be classified according to their concept as being either a phase or a state. 

This way of expression allows that one state van have various values over time.  

A direct classification of a physical object by its state is a short-cut relation that does not recognize the 

state as an individual aspect that can vary over time. This would result in: 

  fluid-1 is classified as a vapor 

Strictly speaking this not really a classification of its nature. It is only incidentally true. 

The Gellish Dictionary contains a large number of standard states, technically called common values. 

8.3.3. Kind of structure - Process material & Radiation 

Physical objects can also be classified according to the stuff from which they are composed. This is called 

its kind of atomic structure. It means a classification according to the type of molecules or atoms and 

the atomic structure of the material. 

The basic concepts are therefore the kinds of chemical elements, according to the periodic system of 

elements. In addition to that there are the kinds of particles from which those elements are built up, 

together with the isotopes, ions, etc. These concepts are used for simulation only, because in industrial 

practice all physical objects are mixtures of various types of elements, molecules and particles. 

The consequence is that the Gellish Dictionary makes a distinction between the chemically pure 

substances and the industrial substances.  

For example, the concept „hydrogen‟ can be the kind of element hydrogen (H), or the gas hydrogen (H2). 

In practice hydrogen is never 100% pure, but in modeling and simulation it can be assumed to be pure. 

This means that the same concept(H2) can also be used to classify a (pure) molecule as being hydrogen. If 

we classify a physical object as being hydrogen it means that it mainly consists of hydrogen. A 

composition relation is required to define its purity (for the definition of a concentration of a component 

in a fluid see chapter 8.5). 

For fluids and other material which is subject to a process the kind of structure is usually called its kind of 

process material. For a solid item this is usually referred to as its material of construction (which is 

further discussed in the next paragraph).  

Examples of kinds of substances are:  

- process materials: water, oil, polymer, gas, air, acid, rock, steel, etc. 

In usual English the terminology used to indicate the kind of structure for solid items is different from the 

indication of the kind of structure for fluids.  

For example, for solid items we say: „item-1 is made of steel‟, whereas for fluids we say: „batch-1 

consists of water‟ (or shorter „batch-1 is water‟).  

  fluid-1 consists of water 

  fluid-2 consists of oil 

  batch-1 consists of PVC 

  item-1 is made of PVC 

Therefore, these two names for the relation which describe a classification according to kind of structure 

are synonym. 
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A third category of kinds of structure are the kinds of waves, which are physical objects, although they 

have no mass (strictly speaking the term „substance‟ is not very good for this category). 

Examples of kinds of waves are:  

- x-ray, radio wave, electricity, heat radiation, light, noise, etc. 

Classification of waves is done as follows: 

  signal-1 is a radio wave 

8.3.4. Material of construction 

The term „material of construction‟ can be used as a synonym for kind of substance, although strictly 

speaking it indicates a role, namely that the substance is used for construction of the item. It also implies 

that the stuff is in solid state at atmospheric conditions and at operating temperature. 

So, classification of an item according to its material of construction means that is a classification of the 

item according to the (solid) stuff from which the item is made.  

For example, „steel‟ is a kind of substance, which consists of iron and carbon atoms in a specific 

structure‟, which can be further classified as „ferritic steel‟, austenitic steel‟, etc.  

These facts are described by a relation with a different name, not „is classified as a‟, but „is made of‟. 

For example, 

  B1 is classified as a bearing 

  B1 is made of stainless steel 

The above two facts define a stainless steel bearing. The standard kinds of physical objects in the Gellish 

Dictionary do not contain specializations according to material of construction, as this would create a 

combinatorial explosion of the number of concepts. So, there are no standard concepts such as „stainless 

steel bearing‟ or „PVC pipe‟, etc., except for special cases where the number of recognized materials of 

construction for a type of object is very limited.  

8.3.5. How to add ‘proprietary concepts’ - Rules for classification 

Sometimes no appropriate concept can be found in the Gellish Dictionary. This can have several reasons, 

such as: 

- one has searched for a concept name which does not satisfy the rules for names of concepts,  

- the concept is missing in the library.  

If a concept is missing in the library it is possible to define a „proprietary concept‟ by application of the 

rules below. Such a definition can be exchanged via a data exchange file to another party and after that is 

done it is possible to use such a proprietary concept to classify physical objects and to communicate about 

it.  

Proprietary concepts should be defined according to the same rules as apply for standard concepts. It is 

recommended that proprietary concepts that are not confidential, are proposed for inclusion in the 

standard library of concepts. For further instructions on how to do that see the Gellish English Language 

extension manual (ref. 3). 

For any new (proprietary) concept the following facts shall be specified: 

1. A name, i.e. be identified by at least one name. Such a name does not need to be unique within the 

whole Gellish language, but shall be unique within a language community, such as a discipline. 

Therefore, the context (language community) within which the name is unique shall be specified. 

2. A specialization relation with its direct supertype class.  

3. A definition in the form of a sentence that describes in what respect the subtype differs from its 

supertype and from its neighboring subtypes. 

For example, the private kind of device called „schoepentoeter‟, with UID 101, could be defined as 

follows:  

 101  is identified as schoepentoeter 

 101  is a specialization of inlet device 

 101  is defined as an inlet device that consists of a set of vanes 

    intended for evenly spreading of a liquid 
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These three facts can be expressed on one line in a Gellish Data Table as follows: 

UID of 

left hand 

object 

Name of left hand 

object 
Name of relation type 

Name of right 

hand object 
Full definition 

101 schoepentoeter is a specialization of inlet device 
that is an assembly of vanes intended for 

evenly spreading of a liquid. Typically in 

a distillation column. 

 

Optionally additional relations can be defined (as can be derived from its definition) such as: 

 

schoepentoeter can be part of a distillation column 

schoepentoeter has by definition as part a vane 

schoepentoeter can have as aspect a number of vanes 

 

Note: The phrase <has by definition as part a> is defined such that it means that it can have one or more parts 

of the same kind. Thus, although phrases are in single, they may also indicate pluralities. This also holds e.g. 

for the phrase <can be part of a>. The minimum and maximum number of items of the same type that are 

allowed are called the cardinalities. They are discussed in par. 4.1.3. 

The names of concepts (should) satisfy the following rules: 

1. Artificial names of concepts should be avoided, but normal engineering names should be used 

instead. 

For example, 'piping_segment_cmpnt' is not used in normal engineering practice and thus it should not 

be used. 

2. Names of concepts should be in single, not plural, except for names of kinds of collections.  

For example, vessel and not vessels or fitting and not fittings. 

3. No abbreviations nor underscores nor uppercase should be used.  

For example: centrifugal pump and not centrif._pump. However, widely used abbreviations and/or 

uppercase may be included as synonyms (see rule 5 below). For example: PC.  

4. Multi word names should be in the normal word sequence for the applied language.  

For example, 'centrifugal pump' in English and not 'pump centrifugal'. 

5. Synonyms are allowed and may be accompanied by a context in which the synonym is valid.  

A synonym is an 'alternative' which should be associated with the 'reference name' (via an 'is a 

synonym of' relation). The reference name should be used in all other relations. 

For example, ship might be seen as a synonym of sea going vessel.  

Synonyms within a language context are e.g. synonyms in French, or German. 

6. Concatenated concepts (concepts that are classified according to more than one aspect) are allowed, 

but should be defined as specializations of multiple super concepts (parent concepts).  

For example, the concept single stage centrifugal compressor is allowed, but should be a 

specialization of single stage compressor and of centrifugal compressor. 

7. Every concept should be accompanied with at least one specialization relation and may have one or 

more other relations, such as (de)composition relations, as defined in Gellish. 

This means that every concept should ultimately be a subtype of a „top of the hierarchy‟ class. So it 

should be placed on a proper place in the concept hierarchy. 

For example, every kind of material is ultimately a subtype of „physical object‟. An occurrence of a 

material also can have all relations which may be made to material according to the Gellish grammar.  

8.  Inheritance of all the relations of the supertype class(es) should be valid.  

9. Each concept can be used as classifier of single items or of collections. Therefore, in principle no 

separate concepts are required for kinds of collections. Thus, the dictionary-taxonomy does not 

include concepts such as „pumps‟, „bolts‟, etc. 

For example: the concept pump can be used to classify P-101, and to classify the elements in the 

collection of two pumps that is denoted as P-101A/B, and it can also be used to classify the elements 
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in a stock of pumps in a warehouse. A collection as a whole can be classified as „collection of items‟ 

or as „collection of aspects‟, etc., The elements in the collection can be classified collectively. The size 

of the collection can be specified by using a relation type that specifies the number of elements in the 

collection. For example, a group can be classified as a collection of items, whereas each element of the 

group is classified as a centrifugal pump by a collective statement as follows: 

 101 is classified as a collection of items 

 101 each of which is classified as a pump 

 101 has as number of elements 3 

The above method eliminates the need to define concepts in the dictionary such as „collection of 

pumps‟, etc.  

10. Definitions of concepts shall build on the definition of their direct supertype concept and only add the 

aspect(s) in which it distinguishes itself from that supertype and its neighbors. So the definition of its 

supertype should not be repeated. 

For example: 

 ball bearing is a kind of  bearing that contains balls. 

 Furthermore, the additional textual definition (the bold part in the example) should preferably start 

with an phrase that is derived from the discriminator, being an aspect or part that is used to distinguish 

the subtype.  

For example, a definition should preferably start with phrases such as: 

 'that is intended for'  for classification according to intended activity, 

 „that consists of' for classification according to composition, etc. 

The above rules are also described in the „Gellish Language Extension Manual‟, (ref. 2).  

When a physical object is classified, it inherits all aspects of its parent concepts, i.e. all information 

associated with the generalizations (the supertypes) of its class. For example, a physical object which is 

classified as a centrifugal pump, inherits the properties which a pump can have, as well as the properties 

of driven equipment, rotating equipment, equipment and of items. 

Facts about physical objects can be described further by any of the standard relations available in Gellish.  

For example, all kinds of physical objects can be identified by a name (tag), can be described by a 

description, can be made of a material of construction, can have a shape and have other properties, etc. 

For any specific individual physical object V-101 with UID 101 this is specified for example as follows: 

 101 V-101 is classified by role as a 201 blow down vessel 

 101 V-101 is made of 202 carbon steel 

 101 V-101 has aspect 203 shape-101 

  203 shape-101 is classified as a 204 cylindrical shape 

 101 V-101 has aspect 205 ID-101 

 205 ID-101   is classified as a 206 internal diameter 

 205 ID-101 has on scale a value equal to 207 3000 mm  

Note: for the geometric definition of shapes, such as shape-101 see Ref. [8]. 

8.4. Solid items and their properties 

The above rules apply also for solid items. 

Each solid item is via the hierarchy of specialization ultimately a subtype of physical object, and inherits 

the relations which the higher level concepts have.  

For example all construction elements that can be part of a facility or site are a subtype of item.  

All items can have the following properties:  

 mass, volume, cost, shape, economic value, marginal value.  

This needs not be specified for every concept again. 

For example, a bearing might be a direct subtype of an item and therefore inherits the fact that it can have 

a mass and a volume, etc.  

Solid items can posses mechanical properties such as hardness, elasticity, dimensions, etc. For design 

objects the specification of the values of these properties are usually independent of location and time, but 
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for actual realized physical objects the properties are location and time dependent. 

This can be described by specifying different properties at different locations, but specifying different 

values at different moments in time for the same properties. For example, for real vessel V1 it wall 

thinkness on two locations at different moments in time is specified as follows: 

V1 is classified as a vessel 

V1 has aspect w at p1 

V1 has aspect w at p2 

w at p1 is classified as a wall thickness 

w at p2 is classified as a wall thickness 

w at p1 is quantified on scale as equal to 12 mm 28-11-2010 

w at p1 is quantified on scale as equal to 11 mm 28-11-2011 

w at p2 is quantified on scale as equal to 13 mm 28-11-2010 

w at p2 is quantified on scale as equal to 12 mm 28-11-2011 

The definition of the location of point p1 and p2 can be defined as described in par. Fout! 

Verwijzingsbron niet gevonden., placement of physical objects. 

The moment of measurement, is denoted by a date-time stamp of the start of the validity of the fact of the 

quantification. This should be interpreted as follows: 

 Relation #1 is valid from moment date-time-1 

When a property is not valid any more, e.g. because it is replaced by a new measurement which resulted 

in a different value. The previous value shall then have the status „history‟. The UID of the fact that 

replaces the value may be recorded as well (in a Gellish Data Table in the column „UID by which the fact 

is replaced‟). This should be interpreted as: 

 Relation #1 is valid until moment date-time-2 

Solid items can also possess properties such as temperature and pressure, but in process facilities usually 

these are specified as the properties of the fluids inside or outside the solid items. The solid items often do 

possess properties such as a design pressure, design temperature and maximum operating temperature, 

which are pressures and temperatures that specify their strength. 

Performance properties such as maximum capacities are usually also properties of the fluids under certain 

process conditions. They are discussed in more detail in the chapter on physical processes (Chapter 9.3.4). 

Granular solid items, such as most catalysts, sand, bulk raw plastics, etc. are collections of solid items 

where no properties are recorded for the individual elements, but only average properties of those 

elements and total values for a batch of elements as a whole: 

C1 is classified as a batch of solids 

C1 is classified by role as a catalyst 

C1 has as aspect m1 

m1 is classified as a mass 

m1 has on scale a value equal to 500 kg 

C1 each of which is classified as a granule 

p1 is a representative element of C1 

p1 has aspect d1 

d1 has on scale a value equal to 3 mm 

d1 is classified as a average diameter 

8.5. Fluids & streams and their states and properties 

The term batch is typically used to denote a quantity of material (which is a physical object) when the 

material does not have a particular shape. This typically holds for liquids and vapors and granular solids. 

Batches of fluids and solids are usually classified by their substance. For example, when we say: “this is 

water.” This differs from the classification of solid items, where we usually don‟t say: “this is steel”, but 

this is a pipe, that is made of steel. A consistent method for classification of physical objects is therefore, 

to classify an individual physical object primarily according to a kind of physical object. Then relate the 

physical object to a substance (an aspect) and classify that by a kind of substance. For example as 
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follows: 

S1 is classified as a batch of liquid 

S1 has aspect Substance of S1 

Substance of S1 is qualified as water  

Nevertheless, it is possible to classify a batch by its substance, by using a short cut relation type for the 

above detailed model. This is done as follows: 

S1 is classified by substance as water 

The use of such a short cut relation type requires that consistency is managed, because other people may 

apply the extensive way of modeling.  

The distinction between the batch and its substance enables to decompose the batch into components, 

such as in a two phase flow of a mixture. Such a mixture may have a vapor/liquid ratio that changes over 

time, whereas also the quantities (concentrations) of the components in the vapor phase and the liquid 

phase may change over time. Then each component can be classified separately and each component can 

have its own substance that is qualified differently.  

Batches can be static, such as crude oil in an oil field or water stored in a tank. Batches can also be in 

motion, such as a liquid which is stirred in a mixer. When a batch is transported from one place to another 

through a pipeline, it is called (classified) as stream. For example, a liquid or gas flowing through a 

pipeline, or water in a river. 

Note: the term „stream‟ can theoretically be used for any queue of physical objects flowing in a row, such as 

a stream of cars, but in the context of process plants it only refers to a moving fluid, typically through a 

pipeline. A stream of fluid can be compared to an „electric current‟ which is a moving electromagnetic wave, 

typically through a conductor.   

Fluids can possess properties such as pressure, temperature, density and viscosity. At a particular location 

and moment in time a fluid is in a specific state or condition. Such a state means that all its properties at 

that location and at that moment in time have values that are valid together. This is sometimes called a 

„property point‟. For example, a fluid can be at its critical point (state), which means that particular 

„critical properties‟ (values) are valid at that condition.  

A state may change, which means that the properties are variable. Therefore, the state properties are also 

called state variables.  

For example, the properties of a fluid at the suction nozzle of a pump can be described as follows (note 

that suction nozzle-1 indicates a physical object which is part of the pump): 

fluid-1 has aspect state-1 

state-1 is classified as a state 

state-1 is valid at location suction nozzle-1 

fluid-1 has aspect T-1 

T-1 is classified as a temperature  

T-1 has on scale a value equal to 30  C 

fluid-1 has aspect P-1 

P-1 is classified as a pressure 

P-1 has on scale a value equal to 50 bar 

fluid-1 has a property of Dens-1 

Dens-1 is classified as a kinematic viscosity 

Dens-1 has on scale a value equal to 30  kg/m3 

 

T-1 is a state variable of state-1 

P-1 is a state variable of state-1 

Dens-1 is a state variable of state-1 

etc.  

Typically there is a correlation between the properties, so that they are mutually dependent. An example 

of such a correlation is an equation of state, which is a law of physics that describes how the pressure, 

temperature, density and compressibility of an isolated fluid in equilibrium influence each other when 
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they change over time. The properties are parameters in the correlation. 

8.5.1. Vapor / Liquid Equilibrium ratio 

A vapor/liquid equilibrium ratio or k-value is a special kind of property. It is the ratio between a 

concentration of a component in the vapor phase and the concentration of that component in the liquid 

phase when the two phases are in equilibrium. So it is a ratio between ratios. 

Under specific circumstances the ratio has a specific value. But the value is temperature and pressure 

dependent. This dependency can be described by a correlation. The modeling of the relation between the 

concentrations of components in the vapor and liquid and the k-values is a specialist subject that is 

beyond the scope of this document. 

8.5.2. Concentration of elements in mixtures 

The Gellish Dictionary contains the definitions of concepts that represent „pure‟ chemical elements from 

the periodic system of elements. For example, H is the name of an element, also called „hydrogen‟, which 

is a physical object of a particular sub-atomic structure. 

In addition to that, the Gellish Dictionary contains kinds of substances, which includes kinds of molecules 

and mixtures of various types of molecules. For example, H2 is a concept that could be used to classify a 

batch of gas by its substance as being hydrogen or to classify a molecule as being of substance hydrogen. 

In practice materials are never 100% pure, although in theory and in models and as an approximation they 

can be treated as if they are pure. So, in practice, H2 can be used to classify a gas which consists mainly 

of H2 molecules, and partly of other types of molecules. The purity or impurity is a property that can be 

used to describe that, as it is defined as the purity of the classification by substance. For example: 

Fluid-1 is classified as a hydrogen 

Fluid-1 has aspect p1 

p1 is classified as a purity  

p1 has on scale a value equal to 98  %  

The detailed composition of the material is then defined by the concentration of types of molecules in the 

material. 

In practice, a concentration is often used as if it was a property, for example: „sulphur content‟. However, 

a concentration is by definition a ratio between two quantities of different substances. Furthermore, if one 

would define concentrations as properties of one substance in another that would lead to an enormous 

number of properties. Therefore, in Gellish a concentration should be described as a ratio between two 

quantities. This is illustrated in the following example: 

Fuel-1 has aspect m1 

m1 is classified as a mass 

H2S is a part of Fuel-1 

H2S has aspect m2 

m2 is classified as a mass 

Fuel-1 has aspect m2/m1 

m2/m1 is classified as a mass concentration 

m2/m1 has on scale a value equal to 5 % 

m2 is the denominator in m2/m1 

m1 is the numerator in m2/m1 

This illustrates that a mass concentration is described as a ratio between a mass and a reference mass. The 

reference mass is the total mass of the mixture. For a volume concentration this is similar.  

8.5.3. Flow direction 

Fluids flow in a specific direction, from their source to their destination location.  

In relative large spaces such as wind in the atmosphere and currents in the sea as well as for flow patterns 

in tanks the flow direction is not completely determined by the container of the fluid such as in a pipe. 

Therefore these directions should be described via the direction of the velocity vector at a specific 

(physical) point in space (velocity is defined by a size and a direction). 
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The flow direction of fluids guided through relative narrow spaces, such as in pipelines is described 

differently. It makes use of the fact that in those cases a transport process (activity) takes place, with the 

fluid involved as being subjected to the movement and with a specific source and destination. During that 

process the fluid is transported from a physical object which has the role of source to another physical 

object in the role of destination.  

For example, the flow of liquid-1 from tank-1 to column-1 is described as follows: 

 liquid-1 is subjected to transport-1 

 tank-1 is the source of transport-1 

 column-1 is the destination of transport-1  

More generally, if the processes are defined as well, then process flows follow from the description of the 

topology of the process stages that are involved in the overall process. The flow direction of the fluid is 

then defined by the roles of the fluid with respect to the related processes. If the fluid has a role as output 

from process A and as input in process B, then that defines that the flow direction is from process A to B.  

The transport process transports the fluids from the physical object X that has the role of performer or 

enabler of process A to Y that is the performer or enabler of process B. Then it can be concluded that the 

fluid flows from physical object X to Y. In a full detailed description of these data it should be ensured 

that the data is consistent.  

For a further discussion of the roles of fluids in processes (activities) see par. 9. 

8.6. Waves and Energy 

Waves, such as electromagnetic waves, radiation, light and sound behave according to the laws of physics 

and therefore are (subtypes of) physical object. They behave like fluids, but can also flow through 

vacuum. Rules that apply for physical objects in general also apply for waves. 

Energy appears in several forms, such as electrical energy, thermal energy (heat), mechanical energy 

(kinetic and potential energy), chemical energy, etc. Energy can be described as a property of a physical 

object.  

For example, heat (radiation) can flow through the wall of pipes in a heat exchanger. Such heat is a 

physical object that is transferred from one place to another. It behaves as if it is a fluid which flows 

through the pipe wall. In those cases the heat waves carry the energy. This can be described as follows: 

Q1 is classified as a heat 

Q1 has aspect h1 

h1 is classified as a heat flow rate  

h1 has on scale a value equal to 1000 J/s 

Note, that the size of the batch of heat, being the total quantity of heat, might not be known nor specified, 

because it may depend on an unspecified duration of the heat transfer process. 

Energy can be carried by waves, but is usually carried by a material physical object. For example, thermal 

energy which is carried by a fluid. In those cases the energy is described as a property of the physical 

object. For example, the enthalpy of a fluid (in J/kg) describes an energy content of the fluid. This can be 

described as follows: 

B2 is composed of water 

B2 has aspect h2 

h2 is classified as a enthalpy 

h2 has on scale a value equal to 1000 J/kg 

When energy is converted from one type or energy level to another in the same carrier, then the physical 

object that carries the energy has two properties, one before the conversion process and one after. This 

means that it has either two properties at two different locations or it has one property with two values at 

different moments in time.  

For example, when heat is extracted from a fluid A and transported through the pipe walls in a heat 

exchanger to another fluid B, then the energy is transformed from enthalpy h1 of the fluid A into heat 

flowing through the 'heat transfer area' to increase the enthalpy h2 of fluid B.  

Continuous steady state processes are typically modeled using two fluids A and B each with two 

enthalpies at different locations, one enthalpy at the inlet before the heat transfer (h11 and h21) and other 
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enthalpies at the outlet of the heat exchanger after the heat transfer has taken place (h12 and h22). In such 

a steady state process the time difference between the two enthalpies is usually neglected (unless the 

dynamic behavior is modeled for process control). 

Batch processes are typically modeled using two fluids A and B that each has one enthalpy with two 

different values at different moments in time. Typically neglecting a possible difference in location of the 

fluids before and after the heat transfer. 

The processes may also be modeled with four fluids, as if fluid A and B each were two different fluids, 

two (A1 and B1) being the inputs and two others (A2 and B2) being the outputs of the heat exchanger.  

An example of a description of fluid A in a steady state process described with two enthalpies (h1 and h2) 

at two different locations (N1 and N2) is as follows: 

A is subjected to Heating of A 

Heating of A is classified as a heat transfer 

E-101 is performer of Heating in E-101 

E-101 is classified as a heat exchanger  

A has aspect h1 

A has aspect h2 

h1 is classified as a enthalpy 

h2 is classified as a enthalpy 

h1 is located at N1 

h2 is located at N2 

where, 

N1 is classified as a inlet nozzle 

N1 is a part of E-101 

N2 is classified as a outlet nozzle 

N2 is a part of E-101 

The conversion process to extract heat from the fluid and to generate a heat flow is a physical process. In 

case of simulation of such a process, the execution of the simulation calculates the heat flow rate and heat 

flux from the enthalpy difference and the flow rate of the fluid. The relationship is therefore documented 

in an algorithm and possibly in the definition of the input and output data for that algorithm. Such an 

algorithm is a correlation that is a higher order relation in which the various properties are the parameters.  

For a further explanation of the description of physical processes and algorithms, see par. 9, Activities 

and Processes. 

8.7. Signals 

Control logic is usually described by control logic diagrams. The boxes on those diagrams represent 

control processes, which are subtypes of „occurrences‟ in Gellish. The lines between the boxes are 

„signals‟ that have a role as output from one control activity and the same signal has a role as input to one 

or more subsequent control activities. These signals are physical objects (usually modulated waves) 

which represent information, such a state (property) of an equipment (e.g. on, off, open, close, running, 

stand-still, etc.), or a property of a fluid (e.g. pressure, temperature, volume flow rate, level, etc.). The fact 

that the arrows in a logic diagram are directed and point from one control activity to another means that 

the signal that represents the (measured) equipment state or fluid property is output from one and input to 

another control activity. These roles of the signals define the topology of the control network. 

For example, a flow regulation to control a level is described by two properties: a flow rate of a fluid and 

a level of another fluid. The level of fluid S1 is output of a measurement activity and input to a control 

activity (e.g. described by a PID control algorithm), the required flow rate of fluid S2 (a set point, being a 

required property) is output of that control activity and is input to the actuation activity. This means that 

an arrows on such a logic diagram represents a property of a fluid. For example, signals that represent 

properties are described as follows: 

S1 is composed of water 

S1 has aspect L1 

L1 is classified as a level 
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Signal-1 is classified as a signal 

Signal-1 represents. L1 

S2 is composed of water 

S2 has aspect F1 

F1 is classified as a required flow rate 

The arrow on the diagram that represents the level of S1 is modeled as follows: 

Signal-1 is output of measure L1 

measure L1 is classified as a level measurement  

Signal-1 is input in Control-1 

etc. 

The relationships between the properties and the control activities is explained further in par. 9.3.5, 

Process Control. 

Similarly for signals that represent the state of a piece of equipment (being running or not-running) at a 

particular moment in time: 

M-101 is classified as a electric motor 

M-101 has aspect state-x 

state-x is classified as a running state 

Signal-1 is classified as a signal 

Signal-1 represents. state-x 

Signals can be seen from the perspective of their content, then they are 'messages'. 

However, those messages can only exist in a physical form of an information carrier. So, in practice 

signals are physical objects and more precise, they are usually modulated waves, being a physical object 

in such as shape or movement, that that shape or movement represents a message. And the message is an 

expression of the fact that a property has a particular value on a particular scale. 

Thus, although it is modeled that a signal represents a property, it actually presents the fact that is the 

quantification of the property, which is expressed by a relation. That expression forms the information.  

For example, sound is a modulated wave moving through the air in such a frequency and amplitude 

(strength) or sound pressure level that it can be heard and interpreted. 

sound-1 is classified as a voice 

sound-1 represents „this is a message from …‟ 

Example 2: a control signal can represent information for example that a motor is running or not running. 

At an early stage of a design it can be neglected how this is interpreted from the physical signal as 

follows: 

motor-1 has aspect running state-x   

running state-x  is classified as a running state  

signal-1 is classified as a control signal 

signal-1 represents running state-x   

A signal usually represents a property value of a physical object. At a later stage of detailed design, the 

signal is specified in detail. Then it is specified that the represented property is transformed by the 

measurement process into a property (a modulation) of the signal.  

For example, the running state of a motor, being „not running‟ or „running‟, is measured. This results in 

an electrical signal that is modulated in the measurement process such that it has an electrical tension of 0 

or 6 mV dependent on the state. 

The relationship between the state and the electrical tension is defined by the measurement process. The 

resulting voltage that represents the value of the state of the motor can be defined directly (using a short-

cut relation type).  

For example, assume that the state of a motor can have only two values, not-running and running, then 

this can be is described as: 

running state-x is defined by list not-running, running 

signal-1 is classified as a electrical signal 
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signal-1 has aspect voltage-x 

voltage-x is classified as a electrical tension 

voltage-x is defined by list 0, 6  mV 

voltage-x(1) represents running state-x(1) 

voltage-x(2) represents running state-x(2) 

Note 1: A parameter is a subtype of a property and a list is a structured collection of values. 

Note 2: It is more accurate and more flexible to describe the relationship between the running state and the voltage 

via the measurement process, which has the motor shaft (property) as input and the electrical signal 

(voltage) as output. This transformation activity defines the relationship between the two properties. If both 

methods are used simultaneously there is a danger of inconsistency! 

The measurement processes and other activities are further described in chapter 9, activities and processes. 

8.8. Holes and Spaces 

Holes and other spaces are physical objects which are enclosed by boundaries which are either theoretical 

surfaces or real another physical objects. Those enclosed spaces may be empty but need not necessarily 

be empty. 

For example, a void for pulling a tube bundle out of a heat exchanger is a 3D space which is not bounded 

by another real physical object (apart from the floor, which is a part of the earth). Nevertheless the 

theoretical surfaces which define those boundaries are surfaces whose actual location can be pointed at in 

3D space. Those boundaries are therefore also physical objects (for further explanation of those surfaces 

see par. 8.9, Features). A void is intended to be an empty space, although it might be allowed to place 

movable objects in the void. 

Example 2: a room, e.g. in a control building, is a space which is bounded by real physical walls, a floor 

and a ceiling. It is not intended to be completely empty; on the contrary it is intended to provide space for 

placement of material and location of people. However, a room can also be defined as an assembly of a 

space and the surrounding walls, floor and ceiling: 

R1 is classified as a room 

R1 has aspect V1 

V1 is classified as a volume  

V1 has on scale a value equal to 160 m3 

F1 is a part of R1 

F1 is classified as a floor 

F1 has aspect A1 

A1 is classified as a area 

A1 has on scale a value equal to 60 m2  

Example 3: a window is bounded by the surface of the hole in a wall and if the „thickness‟ of the window 

is needed to be defined, then it is also bounded by two theoretical surfaces. The window can be seen as 

part of the wall and the position of the window is defined by a placement relative to the co-ordinate 

system of the wall, as follows: 

W1 is classified as a window 

W2 is classified as a wall 

W1 is a part of W2 

W1 is placed relative to W2 

W1 has aspect w1 

w1 is classified as a width 

w1 has on scale a value equal to 1.80 m  

W1 has aspect h1 

h1 is classified as a height 

h1 has on scale a value equal to 1.20 m 

For details about relative placement of physical objects, see par. Fout! Verwijzingsbron niet gevonden., 

Placement of Physical Objects. 

Thus holes and other spaces are described as normal physical objects, which have a shape and volume 
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and possibly other properties. They may possess physical features, which are surfaces that describe the 

boundaries of the space. Those surfaces have their own shape and possibly other properties.  

8.9. Features 

The term feature is often used in various ways, it can indicate a function or role which a physical object 

can play or it can be a physical object itself. Here we deal with the latter. For clarity they are called 

physical features. 

Physical features are subtypes of physical objects which are typically non-separable parts from larger 

physical objects. For example, a raised face of a flange, a lifting lug on a motor body, a surface, a 

physical point, an edge, a centre line or a tangent line of a vessel (which actually is a surface).  

Because they are physical objects themselves they are described just as normal physical objects. The only 

difference is that they are not „part of‟ the larger physical objects, so that they don't have a connection 

relation with the whole. Therefore, physical features are said to be „possessed by‟ the larger physical 

objects. 

For example, a nozzle at the shell of a vessel is not a physical feature, but is a separate part of the vessel, 

whereas an inlet nozzle of a pump can be casted as integral part of the body of the pump. The latter 

nozzle is a physical feature, which is possessed by the body: 

N1 is classified as a nozzle 

N1 is a part of V-6060 

N1 is connected to shell-1 

N2 is classified as a nozzle 

N2 is possessed by body-1 

body-1 is a part of P-6052 

8.10. Facilities, Process units & Systems 

Facilities, process units and systems are high level assemblies of various types of equipment, piping, 

electrical items, instrumentation and control items, etc. They are physical objects just as the lower level 

assemblies. However, especially for systems, it is a bit too strong to say this they are assemblies, although 

it is too weak to say that a facility or system is a collection of items. Therefore a facility or system is a 

whole (physical object) that consists of components (physical objects) that are connected or arranged in a 

specific way towards each other, and may be more loosely assembled than in ordinary assemblies. 

The criterion for selection of the items that are included may just be on the basis of the fact that the 

components plays a role in a specific process. For example, a cooling system may consist of a large set of 

more or less independent items, which however all contribute to the general cooling of even a number of 

facilities and thus nevertheless form one whole. Typically they are controlled as a whole. 

This means that a facility, process unit or system in first instance may only be classified according to the 

role it is intended to play. In a later stage, when the technical solution is defined, it may be classified in 

further detail and then it is decomposed and its components will be classified.  

For example: 

system-1 is classified by role as a cooling system 

system-1 has aspect C1 

C1 is classified as a capacity  

C1 has on scale a value equal to 300 kW 

Note: when a specific physical object is classified by role during a design, then that classification implies 

that the object has an intended role, because that role is apparently the intention of the designer. In other 

words the above classification by role implies:  

system-1 has an intended role as a cooling system 

Therefore the phrase <has an intended role as a> is a synonym of the phrase <is classified by role as a>. 

This example does not say anything about the technical solution or the type of components of the system. 

The only thing that is known up to that stage of the design is that is an (intended) physical object. At a 
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later stage of the design the components may be defined, such as: 

E-101 is classified as a air cooler 

E-101 is a part of system-1 

However, when something is said to have a specific role, then it still might be classified as something 

else. For example, a computer system might have a role as PID controller in a process control system, but 

this does not imply that it is classified as a PID controller. 

So the statement: 

system-1 has role PID controller  

does not imply that it is a PID controller. And the inverse is also true: If something is classified as a screw 

driver, then it has an intended role, but its actual role may be something else (e.g. as tin opener). 

N.B. This holds for all classifications of a physical objects during design: classification as a pump implies that a 

physical object has an intended role of doing what  pump is normally designed to do, classification as an elbow 

implies that a physical object has an intended role as elbow, etc. Actually in some cases an otherwise classified 

physical object may execute the role. For example, a blinded tee might be installed which actually executes (= 

has) the role of (the) elbow. 

8.11. Equipment, machines, components and Spare parts 

Equipment and machines are physical objects that are assembled from various parts. Sometimes they are 

made from a dedicated design, but in most cases they are fabricated in mass or in series from a 

generalized design. Dedicated designs are specifications of a specific individual imaginary physical object 

which is the basis for the fabrication of an actual physical object. Mass or series production is fabrication 

of actual physical objects according to the specification (design) of a typical individual imaginary 

physical object that is representative for a type of physical object or manufacturer‟s model. 

Equipment components are physical objects that are intended to be part of a larger assembly, such as a 

piece of equipment. The term „component‟ (or „part‟) indicates that the physical object has a role as „part‟ 

in a „part-whole‟ relationship with an assembly.  

Therefore, an assembly is described as a relation between two objects, one in the role of part and the other 

in the role of whole (or „assembly‟). For example as follows: 

body-1 is a part of P-6050 

Properties of the parts should preferably not be associated directly with the whole. For example it is 

semantically imprecise to say that „impeller diameter‟ 300 mm is a property of centrifugal pump P-6050, 

because 300 mm is a diameter which is a property of an impeller. This means that for allocating 

properties to items, it is best practice to create a product model in which the assembly should be 

decomposed to the appropriate level and then to allocate the properties to the correct part. Thus for 

example: 

D1 is an aspect of Impeller of P-6050 

D1 is classified as a diameter 

Impeller of P-6050 is a part of P-6050 

Impeller of P-6050 is classified as a impeller 

Nevertheless, for cases that the part is not defined, it is possible to use a short-cut relation to relate an 

aspect of a part to an assembly as follows: 

D2 is an aspect of a part of P-6050 

D2 is classified as a impeller diameter 

Whereas the concept impeller diameter is defined as follows: 

impeller diameter is a specialization of intrinsic aspect 

impeller diameter is by definition an intrinsic diameter 

impeller diameter is by definition an intrinsic aspect of a impeller 

This definition enables software to verify the consistency between the two expressions and to conclude 

that both specifications express the same fact, so that D1 = D2. 
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In many cases people are used to apply the short-cut relation and intrinsic aspects, because they are used 

to consider properties of a part to be properties of the whole. Often with the argument that they are 'not 

interested' in the part. For example on equipment datasheets often intrinsic aspects appear such as „inlet 

size‟ or „impeller diameter‟ or material of construction for important parts, e.g. material of construction of 

the plunger of a plunger pump or of its mechanical seal. This means that we first have to define those 

items as part of the whole, and then we can specify the properties or material of construction of the parts 

as follows: 

Part-1 is classified as a plunger 

Part-1 is a part of P-6050 

Part-1 is made of stainless steel 

8.11.1. Spare parts. 

Spare parts, such as a spare plunger, are items that will potential replace existing items. They are not 

primarily associated with the whole in which they are potentially installed, but, they are spare for a 

similar part. Therefore, a spare should be associated with the item for which it is spare as follows: 

Part-2 is classified as a plunger 

Part-2 is spare for Part-1 

8.11.2. Specific designs, Typical designs and Standardized parts 

The design of an item can be either a typical or a specific design, which means that the design process 

results in either a typical or a specific physical object, dependent on the question whether a dedicated 

specific design was made or a generic typical design.  

For example, Ford makes typical designs for its cars, and Shell makes a specific design for nearly every 

facility, but both make or use typical designs for various (standard) components of those cars and 

facilities 

Equipment is often to a large extent built up from standardized parts, such as standard piping components, 

cables, bearings, etc. Those standard parts do not differ from non-standardized parts, apart from the fact 

that their designs have non-specific names. For example, tag numbers are specific because they are the 

names of individual items. However, typical designs which are representative for several specific items 

cannot have tag numbers. Thus they will have more general names. But for the rest the definition of 

typical physical objects does not differ from the definition of specific physical objects. 

So, the above explanation of how to define physical objects holds for specific (individual) physical 

objects as well as for typical physical objects. The difference can be seen from the role which they play 

relative to each other in a derivation relation: 

P-101 is classified as a centrifugal pump 

pump-A is classified as a centrifugal pump 

Often, a typical design is made and then the specific „design‟ is said to be according to the typical design. 

This means that the specific physical object is „derived from‟ the typical one. This is specified as follows: 

 P-101 is derived from pump-A 

A derivation relation implies that the properties of the typical object shall be copied to the specific one or 

they are used instead. 

8.11.3. Actual Equipment and their Designs 

An item that is fabricated (similar to when a batch of fluid is produced) is called an „actual physical 

object‟. Its description of an actual physical object is not different from the description of the design 

objects (which are called „functional physical object‟ in Gellish). In fact the only difference is that for 

designs, the values of the properties have a tolerance and are derived from peoples mind, whereas the 

values of the properties of an actual have a measurement error and are derived from observations, 

especially measurements. But this has minimal effect on the way the objects are described. 

In many cases the properties of the actual object are only compared with the design during fabrication and 

inspection, but often not separately recorded for the longer term. Instead, in practice the design is often 

used as a reference for the shape and other properties of the actual equipment, assuming that the actual 
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item conforms to the design of that item. 

An actual physical object is another physical object than the (typical or specific) design object according 

to which the actual object is made. Their relationship is defined as follows: 

 X-12345 is a realization of V-6050 

where V-6050 is a design, or (specific or typical) intended physical object. 

Note, actual physical objects are always specific, only intended physical objects (designs) can be either specific 

or typical. 

Data which comes with an offer for delivery or with the actual delivery of an actual piece of equipment 

may be about (a further detail of) the specific design, or about a typical design of the item, but can also be 

really measured data about the actual item: 

1. The supplier / manufacturer may have added further detail to the specific design as described on the 

requisition which he received from his customer (e.g. the facility owner or engineering contractor), in 

which case his design data is additional data for the same physical object as described on the requisition.  

More than one supplier / manufacturer may make an offer and for that purpose they will make different 

sets of additional detail. In that case their sets of data should be documented as „alternative designs‟, 

which are based on the same basic set (as in the requisition) and which is shared between the alternatives. 

2. The manufacturer could also have made an independent design for a typical individual physical object 

which he offers among others for this case. In that case the design data are about a different physical 

object than the object on the requisition. The relationship between that typical design and the design as 

described on the requisition is then: 

  #1 is derived from #2 

Note This is a relation between 'required object‟ and a „planned object', which is specified via a 

relation between two designs, one in the role of required, the other in the role of offered. 

3.  The manufacturer might also supply measured data from inspection reports, which are data about the 

actual physical object. 

8.12. Piping 

8.12.1. How fits piping in the facility model? 

Facilities are composed, amongst others, of equipment systems, piping systems and control systems. 

These systems are further (de-)composed into components. The top of such a composition hierarchy is 

illustrated in the following table.  

UID of 

fact 
UID  Name of left hand 

object 

Name of relation type  UID Name of right hand 

object 

1,091,001 91,001 Pernis site is classified as a 1,160,121 site 

1,091,002 91,002 unit 6000 is classified as a 1,160,104 process unit 

1,091,003 91,002 unit 6000 is classified as a 1,160,134 unit 

1,091,004 91,003 SGH plant is classified as a 1,160,093 process plant 

1,091,005 91,004 piping system-6000 is classified as a 1,160,092 piping system 

1,091,006 91,005 control system 6000 is classified as a 1,070,068 control system 

1,091,007 91,001 Pernis site is a part of .... ..... 

1,091,008 91,002 unit 6000 is a part of 91,003 SGH plant 

1,091,009 91,003 SGH plant is a part of 91,001 Pernis site 

1,091,010 91,004 piping system-6000 is a part of 91,002 unit 6000 

1,091,011 91,005 control system 6000 is a part of 91,002 unit 6000 

 

Note that all assemblies and parts are classified by kinds of physical objects from the Dictionary-

Taxonomy and they are also defined as parts of higher level assemblies. Some systems cross boundaries 

of other units or systems, such as steam distributions systems. Furthermore, components may be a 

component in more that one assembly. For example, a control valve is typically a part of a piping system 

and also part of a control loop   



Copyright © 2010 Gellish.net – All rights reserved  62
   

The following paragraphs describe the composition of piping systems and its relations to equipment and 

processes. 

8.12.2. Piping systems 

Be aware that in this chapter we are dealing with the physical piping objects and not with the physical 

graphical objects that are part of a drawing. The graphical presentation of piping systems is discussed 

separately. 

Figure 13 is a schematic graphical representation of a piece of a process plant that includes a piping 

system. The scope of the piping system is indicated by the annotations with names S1, S2, etc. A piping 

system is intended to conduct a fluid when flowing from one or more locations to one or more others. The 

piping system typically comprises of piping materials, mechanical connections and some instruments. 

Types of mechanical connections are e.g. welded connections and flanged connections.  

A piping system is a network of piping branches (see Figure 14) and devices and junctions that have a 

role as nodes in the network. The way they are connected specifies the topological aspect of a piping 

system or piping network. A piping branch is defined as a piping assembly between two junctions or 

nodes in a piping system. The nodes are the connection materials, which are the materials that are 

involved in the connection of branches in a network of items. At a high aggregation level a piece of 

equipment can serve as a node in a network. At a more detailed level the nodes are connecting materials, 

such as bolts, nuts, flanges, welds, etc.  

The topology of the network is modeled by defining the branches and specifying that a branch forms a 

route from one node to another. The following table illustrates how a part of the above piping system can 

be modeled in that way. 

UID of 
fact 

UID Name of left hand 
object 

Name of relation 
type 

UID Name of right hand 
object 

Equipment 
201 101 P6052 is classified as a 130,206 pump 

 

Figure 13, Example of a piping and instrumentation diagram 
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Nodes    

207 104 P6052 N1 (C1) is classified as a 10298 nozzle 

208 105 junction C2 is classified as a 553637 junction 

Piping branch  

224 117 piping branch B1 is classified as a 10,086 piping  branch 

225 118 piping branch B2 is classified as a 10,086 piping  branch 

226 119 piping branch B3 is classified as a 10,086 piping  branch 

227 120 piping branch B4 is classified as a 10,086 piping  branch 

Routes via piping branches 

230 117 piping branch B1 has as source 104 P6052 N1 (C1) 

231 117 piping branch B1 has as destination 105 junction C2 

232 118 piping branch B2 has as source 105 junction C2 

233 118 piping branch B2 has as destination 106 junction C3 

234 119 piping branch B3 has as source 107 junction C5 

235 119 piping branch B3 has as destination 105 junction C2 

236 120 piping branch B4 has as source 106 junction C3 

237 120 piping branch B4 has as destination 108 junction C6 

8.12.3. Pipelines 

For a pipeline we find in the engineering practice various rather wide definitions. The definition of a 

pipeline does not necessarily implies that the end of a pipeline coincides with the end of a piping branch.  

For example, Pipeline 4 and Pipeline 5 in Figure 14 cover one piping branch (piping branch 4) of the 

piping network. Therefore we define a pipeline as an assembly of one or more succeeding piping 

segments (for a definition of piping segment see next paragraph), which segments may be part of one or 

more piping branches. Nevertheless pipelines often can be defined on the piping branch assembly level. 

But the pipeline is not a prime object to describe the topology of a piping system. That is caused by the 

fact that occasionally the piping segments must be used to define the pipeline. 

A pipeline is typically identified by a service id, a process unit id and a line id in one concatenated string 

as e.g. 'P60.004' and 'P60.005' etc. 

The following table illustrates how a pipeline is defined, using piping segments (and not using branches). 

For the specification of those segments see Figure 16. 

 

Figure 14, Pipelines versus branches and systems 
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Pipeline 4    
UID of 

fact 
UID Name of left hand 

object 
Name of relation 

type 
UID Name of right hand 

object 

306 107 P60.004 is classified as a 10,082 pipeline 

309 107 P60.004 is a part of 203 piping system-6000 

Composition pipeline 4, defined by segments    

320 241 piping segment S5 is a part of 107 P60.004 

321 242 piping segment S6 is a part of 107 P60.004 

322 243 piping segment S7-1 is a part of 107 P60.004 

323 244 piping segment S7-2 is a part of 107 P60.004 

 

The topology of the piping system is defined by branches that form the routes between the nodes. 

Routes via pipeline 4    

UID of 
fact 

UID Name of left hand 
object 

Name of relation 
type 

UID Name of right hand 
object 

330 107 P60.004 has as source 208 node C2 

331 107 P60.004 has as destination 216 node C10-1 

333 107 P60.004 has as destination 332 node C10-2 

 

Note that Pipeline 4 has one source and two destinations. This implies that it provides two routes. 

In case two branches constitute in fact one physical object, as is shown in the adjacent figure, the two 

pieces belong to a branch at one level higher. Like zooming out on a road map where certain details 

disappear. 

Also, as a consequence of 

a continuous evaluation of 

a design, new mechanical 

connections may be 

introduced in addition to 

the mechanical 

connections defined 

earlier. New piping 

branches have to be 

introduced as a part of 

existing piping branches. 

This is illustrated by the 

example in Figure 15, 

where branch 10 from 

node C2 to C4 is split into 

branch 3 and 4, because 

of the introduction of 

branch 5 during the 

progress of the design.  

Figure 15, Addition of branches 
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8.12.4. Piping Segment 

In engineering practice piping 

segments are defined in order to get 

manageable chunks of piping data. 

The piping segments are assemblies 

of piping materials which scope is 

defined by certain constant attributes 

along the segment as shown as part 

of the line label. For example a 

considerable change in pressure, 

volume or temperature may impose 

changes to the design base for the 

piping items. This may or may not 

coincide with a change in piping 

specification *). A change in piping 

specification usually imposes a 

change of the pipeline tag label. 

*) Note, the term 'piping specification' (also 
called piping class) indicates a collection or 
kind of typical piping components, suitable for 
operating under specific process conditions. 

 

The following table illustrates the specification of piping segments. 

Piping segment  
UID of 

fact 
UID Name of left hand 

object 
Name of relation 

type 
UID Name of right hand 

object 

237 150 piping segment S1 is classified as a 10,093 piping segment 

238 151 piping segment S2  is classified as a 10,093 piping segment 

250 150 piping segment S1 is a part of 117 piping branch B1 

251 151 piping segment S2  is a part of 117 piping branch B1 

Routes via piping segments    

268 150 piping segment S1 has as source 104 P6052 N1 (C1) 

269 150 piping segment S1 has as destination 213 node C7 

270 151 piping segment S2  has as source 213 node C7 

271 151 piping segment S2  has as destination 208 node C2 

 

In many cases piping segments begin and 

end at the mechanical connections such 

as branch connections. As a consequence 

of a continuous evaluation of a design, 

new mechanical connections may be 

introduced in addition to the mechanical 

connections defined earlier. New piping 

segments have to be introduced as a part 

of existing piping branches and/or piping 

segments while a segment defined earlier 

may lose its validity. Newly added lines 

become segments and/or branches as a 

consequence of the requirement that 

piping segments shall be a part of a 

piping branch. This requires proper 

change control. 

 

Figure 16, Piping segments in branches 

 

Figure 17, Change control of modifications 
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8.12.5. Piping Components  

When we decompose the piping segments we arrive at a level where the piping components are still 

assemblies but the components are known by the piping experts who will select them from existing 

catalogues or define them as  parts that need to be fabricated. 

Piping components that are involved in connections are also called connection materials. They are  

assembled into objects that are usually classified as connection assemblies. Thus a connection assembly is 

an assembly of all items that are involved in a connection, each with its own role. For example a gasket is 

involved for sealing, bolts and nuts are involved to join the components together. 

Examples of piping components are e.g. pipe flanges, valves, elbows, tees, reducers, spool pieces, (bare) 

pipes, etc. They are connected or coupled via connection material, such as gaskets, bolts, pipe flanges and 

welds.  

The table below illustrates the classification of the physical objects (piping components and connection 

materials) and the routes as present in Figure 18: 

Piping component level 

assoc id UID Name of left hand 
object 

Name of relation 
type 

UID Name of right hand 
object 

341 100 reducer R1 is classified as a 10,106 reducer 

342 101 pipe-P1 is classified as a 10,077 pipe 

343 102 elbow E1 is classified as a 10,028 elbow 

344 103 pipe-P2 is classified as a 10,077 pipe 

345 104 valve V1 is classified as a 820,034 check valve 

346 105 PI is classified as a 10,310 piping standard assembly 

347 106 hole PI is classified as a 730,010 hole 

348 207 node C1 is classified as a 340,037 flanged connection 

349 107 node CM1 is classified as a 340,091 weld 

350 108 node CM2 is classified as a 340,091 weld 

351 109 node CM3 is classified as a 340,091 weld 

352 110 node CM4 is classified as a 340,091 weld 

353 111 node CM5 is classified as a 340,091 weld 

354 112 node CM6 is classified as a 340,091 weld 

 

Figure 18, Piping components as parts of junctions and segments 
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355 113 node CM7 is classified as a 340,037 flanged connection 

Composition of piping components 

363 341 reducer R1 is a part of 237 piping segment S1 

364 342 pipe-P1 is a part of 237 piping segment S1 

365 343 elbow E1 is a part of 237 piping segment S1 

366 344 pipe-P2 is a part of 224 piping branch B1 

367 345 valve V1 is a part of 237 piping segment S1 

368 347 hole PI is a part of 364 pipe-P2 

Connections of piping components 

370 341 reducer R1 has as source 207 node C1 

371 341 reducer R1 has as destination 350 node CM2 

372 342 pipe-P1 has as source 350 node CM2 

373 342 pipe-P1 has as destination 351 node CM3 

374 343 elbow E1 has as source 351 node CM3 

375 343 elbow E1 has as destination 352 node CM4 

376 344 pipe-P2 has as source 352 node CM4 

377 344 pipe-P2 has as destination 213 node C7 

378 344 pipe-P2 has as source 360 node C7 

379 344 pipe-P2 has as destination 354 node CM6 

380 344 pipe-P2 has as source 360 node C7 

381 344 pipe-P2 has as destination 353 node CM5 

 

As demonstrated with piping branches and piping segments, the connection materials that are used in a 

connection relation (e.g. nuts, bolts, gaskets or welds) can appear at several composition levels. In the 

next example a piping flange is used to connect pipes and, at a lower level, the weld is used to connect the 

piping flange to the pipe. 

Further decomposition of connection assemblies 

383 201 flange FL1 is classified as a 10,039 pipe flange 

384 202 bolt set BS1 is classified as a 340,019 bolt set 

385 203 gasket G1 is classified as a 340,039 gasket 

388 383 flange FL1 is a part of 207 node C1 

389 384 bolt set BS1 is a part of 207 node C1 

390 385 gasket G1 is a part of 207 node C1 
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8.12.6. Features in piping connections 

A feature is a physical object that is a part 

of an item and that cannot be isolated from 

the item nor exist on its own. For example: 

a surface or a ribbon or a groove etc. 

Features can be, but need not be connected 

to each other. They may also touch each 

other. Features can have properties such as 

dimensions, roughness and shape.  

So, optionally the use of features in the 

connection, that are parts of the piping 

component, can be made explicit via a 

connection relation. At least two are 

connected.  

 

Features 

UID of 
fact 

UID Name of left hand 
object 

Name of relation 
type 

UID Name of right hand 
object 

392 204 feature-1 is classified as a 10,040 flanged end 

393 205 feature-2 is classified as a 10,040 flanged end 

394 206 feature-3 is classified as a 10,279 gasket contact face 

395 207 feature-4 is classified as a 10,279 gasket contact face 

396 208 feature-5 is classified as a 10,349 welding end 

397 209 feature-6 is classified as a 10,099 plain end 

398 210 node Cc-1 is classified as a 251,722 node 

 

Features as part of components 

400 392 feature-1 is a part of 202 P6052-N1 

401 393 feature-2 is a part of 383 flange FL1 

402 394 feature-3 is a part of 390 gasket G1 

403 395 feature-4 is a part of 390 gasket G1 

404 396 feature-5 is a part of 383 flange FL1 

405 397 feature-6 is a part of 341 reducer R1 

 

Use of features in connection 

410 204 feature-1 is touching 206 feature-3 

413 207 feature-4 is touching 205 feature-2 

 

8.13. Electrical 

Electrical engineering deals with physical objects which process electrical currents in some way or 

another. As a result this subject area deals with physical object that perform or enable the processes, other 

physical objects that are subject to those processes, such as electro-magnetic fields and electric currents 

(or waves), as well as the electrical processes, such as transformation, generation and conversion of 

electricity. It also deals with the algorithms which describe those processes (occurrences). The Gellish 

Dictionary contains concepts in all those areas. 

The relationship between electrical equipment and the electrical current is treated in the Gellish language 

in analogy the relationship between mechanical equipment and fluids or other process material processed 

by them. So, a flow direction in an electrical network is described via the electric currents and their roles 

as inputs to and outputs from electrical processes (see par. 9). The topology and decomposition of an 

(physical) electrical network is described in analogy to a piping system as described above. 

For the definition of electrical equipment and their components use is made among others from standards 

 
Figure 19, Surfaces as features 
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such as IEC-50. It should be noted however that those standards contain definitions that do not rely on a 

strict hierarchy of terms as is the case with the Gellish Dictionary. 

8.14. Instrumentation & Control systems 

Process control systems, which include also safeguarding systems, are the hardware that perform the 

control activities (see par 9.3.5) according to the control logic as explained in par. 9.3.6 Control logic and 

function blocks. The control systems can be decomposed into measuring devices, controlling devices and 

final control devices, together with various types of wires to connect them and thus making the topology 

of a control network. This is analogous to electrical systems (or networks) and piping systems. 

The „process materials‟ that are processed in the systems are the signals, which are physical objects 

modulated such that they carry information (see par. 8.7). 

For the definition of the hardware components in the Gellish Dictionary use is made of various standards, 

such as IEC-50, IEC-70, ISA-S20, ISA-S51.1 and IEC 770 / 770-1. 

8.15. Civil items, Structural items and Buildings 

The modeling of infrastructural objects, such as roads, viaducts, etc. and buildings is basically the same as 

for other kinds of physical objects as is described in the previous paragraphs. A special case is that the 

subdivision of spaces. Spaces are defined as physical objects, because they have a shape and exist in 

space and time. They may be filled with air, they may be subdivided and object may be placed in them. 

See also par. 8.8 Holes and Spaces. 

Kinds of items in the civil area are for example road, structural items such as profile, support structure, 

etc. and kinds of architectural items are for example control room, wall, door, building, etc. 

The construction materials, such as various types of steel, concrete and plastic are defined as 

specializations of substance as is discussed in par. 8.3.4. 

An example of the definition of a T profile beam is as follows: 

T1 is classified as a T profile 

 T1 is made of carbon steel 

 etc. 

8.16. Heating, Ventilation and Air Conditioning systems (HVAC) 

The components of HVAC systems are dealt with in other subject areas, especially in heat transfer 

equipment for heaters and air coolers, rotating equipment for ventilators and blowers and the piping 

subject area for piping for ducts. The building components are dealt with in the civil and structural subject 

area. 
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9. Occurrences, Activities, Processes and Events 

An occurrence in its widest sense is anything that happens. This includes human activities, but also 

physical and (bio)chemical processes, control processes, events and physical phenomena. Processes 

include both discrete processes and continuous processes. A discrete process consists of a sequence of 

discrete process steps or actions. Examples are business processes as a sequence of activities, mechanical 

processes in the mechanical industry and batch processes in the chemical industry. A continuous process 

is a process that is an operation on a continuous stream of raw material to produce one or more 

continuous streams of product materials. For example, the flowing of water in a river is a continuous 

process. An occurrence in fact always happens over time, but especially for events the duration often can 

be neglected. 

Occurrences can be classified by nouns as well as by verbs, such as the classification of a human activity 

as a walk or as walking. Both are included in the Gellish Dictionary. Most kinds of occurrences have an 

active form, a passive form and a noun form and sometimes other forms. For example: act, acting and 

action, but also activity. All these forms are treated as synonyms in Gellish English. 

In general, generic kinds of activities do not include the subject of the activity, nor the performer or the 

enabler. For example, just „design‟ or „operate‟. However, more specialized „qualified‟ activities often do 

include the subject of the activity or process. For example, „design a pump‟ or „operate a facility‟. In such 

a case the definition of such a kind of occurrence should include and explicit relation that states that it has 

by definition as subject a particular kind of thing.  

A similar story holds for specific activities that include a specific subject. For example, „design P-101‟.  

An occurrence, activity, process or event describes the behavior of the objects involved in that occurrence 

as well as their mutual interaction. This means that an occurrence is an interaction between two or more 

objects. Therefore, an occurrence can be expressed as a higher order relation, being a relation with usually 

more than two related objects. The details of an occurrence are expressed by the specification of the 

objects that are involved in the interaction, especially in the various roles that they play. 

9.1. Roles of Objects in Occurrences 

If only the two roles, the roles of the performer and of the subject are of interest, then it is possible to 

express the occurrence as a binary relation. For example, the fact that pump P-101 pumps fluid S-1 can be 

expressed as follows: 

UID of 

left hand 

object 

Name of 

left hand 

object 

UID of 

fact 

UID of 

relation 

type 

Name of 

relation 

type 

UID of 

right hand 

object 

Name of 

right hand 

object 

1 P-101 101 194201 pumping 2 S-1 

 

The UID of the fact (in the example fact 101) is the identifier of the occurrence. In this case it is not given 

a name, but could be called „pumping of S-1‟ as a concatenation of the relation type and the subject. 

If the roles of more objects are relevant, then a number of facts are required to specify every object that is 

involved in the occurrence with its specific role or its roles. These involvements are described by 

sentences with relation types that are subtypes of „is involved in‟. For example: 

 fluid-1 is input in heat transfer-1 

Gellish supports a number of additional relation types, for example:  

is performer of 

is enabler of 

is input to 

is output of 

is subject to 

is made for 

is checked during 
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is approved during 

is created/made/defined/specified in 

is creator/maker/definer/specifier in 

If the relation type is not specific enough, then it is possible to classify the role of the left hand object (or 

of the right hand object) explicitly. These roles can be specified as auxiliary facts in separate columns in a 

Gellish Table as follows: 

UID of 

left 

hand 

object 

Name of 

left hand 

object 

Kind of role of 

left hand object 

UID of 

fact 

UID of 

relation 

type 

Name of 

relation 

type 

UID of 

right 

hand 

object 

Name of right 

hand object 

3 fluid-1 cooling medium 102 4785 is input in 4 heat transfer-1 

 

Physical objects can have more than one role in one occurrence. This means that in such cases various 

relations between the physical object and the occurrence shall be specified. 

For example, a heat exchanger may be involved in a heat transfer process with two roles: as a cooler and 

also as a heater. 

9.1.1. Roles of Physical Objects - Solids, Fluids & Energy 

The basic roles that objects can play in activities are: input, output, control, enabler and performer, 

whereas something which is input as well as output to a process has a role as subject. 

Other kinds of roles are usually a subtype of one of these. Other important roles are tool, catalyst, both 

being subtypes of enabler. 

Most physical objects are designed and fabricated with special shape and other properties to be suitable 

for a specific type of task (activity). Therefore, they are classified according to the role they are intended 

to play, in other words the name of the concept that is used for classification is derived from an intended 

activity. However, this intended activity is not always apparent from the name of the class. 

For example, a high vacuum unit (in the context of a refinery) is a complete process unit which has a 

special design which makes it suitable to execute a distillation process for long residues, which process 

normally takes place under high vacuum conditions (pressures far below atmospheric pressure). In other 

words, a high vacuum unit is intended to be suitable to perform the activity „distil‟. This is the active form 

of „distillation‟ and used as synonym. So, a high vacuum unit has an intended role as „distiller‟ in a 

distillation activity, whereas distiller is a subtype of „performer‟. 

Note, that the classification as „high vacuum unit‟ does not only imply the role of distiller, which could be seen 

as its functional classification, it also implies shape aspects such as sufficient wall thickness to withstand 

external pressure, and composition aspects, such as a device to create the vacuum conditions and a distillation 

column to enable the distillation process.  

A fluid, classified as long residue will be input to the process and two other fluids, classified as waxy 

distillate, and short residue are products which are output of the process. Usually a heat exchanger has a 

role as reboiler and heat (energy) in the form of steam is input to that reboiler.  

Note, that it is not prescribed that a role should always be specified as taking place for an activity. This is 

illustrated below in the example, that E-101 has a role as reboiler, where it is not specified in which 

activity that is. This is apparently clear for the designer of the unit. However for clarity and consistency of 

the description it is advised to make that complete by reference to the activity (in this case „reboil-1‟) 

which is already defined for the description of the role of the steam, which is input for the reboiling 

activity. 

All this explicit information can be described as follows: 

distill-1 is classified as a distillation 

HV-1 is classified as a high vacuum unit 

HV-1 is classified by role as a distiller 

HV-1 is performer of distill-1 

C-101 is classified as a distillation column 

C-101 is a part of HV-1 
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LR-1 is classified as a long residue 

LR-1 is input in distill-1 

SR-1 is output of distill-1 

SR-1 is classified by role as a bottom output 

WD-1 is output of distill-1 

WD-1 is classified by role as a top output 

E-101 is classified by role as a reboiler 

E-101 is classified as a heat exchanger 

E-101 is a part of HV-1 

steam-1 is input in reboil-1 

reboil-1 is classified as a reboiling 

9.2. Relationships between Activities 

Activities can be decomposed into sub-activities, just as other objects can be decomposed into parts. For 

example, a project is a large activity (planned or actual) which can be decomposed into project phases, 

which on their turn can be decomposed into actions which are smaller activities. Such a set of activities 

are usually put in sequence, taking into account the available resources and other constraints, for example 

by a „critical path planning‟ activity. The result is a network of activities, such as illustrated in Figure 20.  

 

Figure 20, Critical path planning of activities 

This network can be documented by succession relations between activities as follows: 

 action-1 is succeeded by action-2 

 action-2 is succeeded by action-3 

 action-2 is succeeded by action-4 

 action-3 is succeeded by action-5 

 action-4 is succeeded by action-6 

 action-5 is succeeded by action-6 

Each of those activities can be further defined in terms of use of resources and duration. For example: 

 action-1 requires a role as performer by object person-1 

 action-1 has property 20 h which is classified as a man-hour 

etc. 

9.2.1. Cause and Effect 

Things that can be caused by other things are  

- the start, termination or happening of occurrences, being an activity or event,  

- the start or termination of life of an object or  

- the start or termination of validity a fact, being the validity of a relation. 

These can be caused by other occurrences. 

For example, a breakdown of a piece of equipment may cause the creation of a fire, and may cause the 
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This is described as follows: 

compressor-1 is subject in trip-1 

trip-1 is classified as a break down 

trip-1 is cause of fire-1  

fire-1 is classified as a fire 

trip-1 is cause of facility shut down-1 

facility shut down-1 is classified as a shut down 

For each of the activities it can be defined when and where it took place: 

break down-1 occurred at 12 December 1997 

fire-1 happened at location compressor inlet-1 

The possible events are classified as kinds of event which are subtypes of occurrence. 

9.2.2. Roles of Persons & Organizations 

We can express that persons and organizations have a role towards a physical object. For example: 

SKF Ltd is manufacturer of bearing-1 

SKF Ltd is classified as a company 

bearing-1 is classified as a bearing 

The role „manufacturer‟ that is mentioned in the expression implies that there is (was) an activity that can 

be classified as „manufacturing‟ in which the company played as role as manufacturer and the bearing has 

a role as manufactured. Therefore, this appears to be a short-cut for an activity model. The corresponding 

activity would include the following expressions: 

SKF Ltd is manufacturer in manufact-1 

bearing-1 is subjected to manufact-1 

manufact-1 is classified as a manufacturing [or fabrication] 

Similarly, the fact that Mr. Johnson repaired pump X-1234 can be described as follows: 

Johnson is performer of repair-2 

X-1234 is subjected to repair-2 

repair-2 is classified as a repair 

Note that in both cases the activity is made explicit, although it is not explicit in many specifications, such 

as those on data sheets. This may seem to be superfluous, but when an activity is made explicit it has the 

advantage that other information about the activity can be added as and when required. This is not 

possible when the activity remains implicit (as when using a short-cut relations). It is also possible to 

make the activity explicit later, then it should be ensured that software should verify that the implicit 

activity that was meant in the first place is the same activity as the explicit one. 

9.3. Process designs and control 

9.3.1. Processes 

Processes are defined in Gellish as subtypes of activities. So the various types of processes, such as 

physical processes e.g. distillation, transport, (bio)chemical processes, e.g. chemical reaction, bio-treating, 

etc. are defined in the Gellish Dictionary in the subject area „occurrence‟ (as subtypes of „activity‟). 

This means that processes can be described as a sequence of activities which operate on fluid or solid 

process material only. It is not necessary to include in that description the physical items that enable the 

process to take place. This can be done for example for a distillation process as follows: 

distill-3 is classified as a distillation  

fluid-4 has aspect flowrate-4 

flowrate-4 has on scale a value equal to 30  m3/h  

flowrate-4 is classified as a volume flow rate 

fluid-4 is input in  stage-8  

fluid-5 is output of distill-3 as  top product 
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fluid-6 is output of distill-3 as bottom product 

fluid-7 is input in distill-3 as reflux  

distill-3 has as aspect nstages 

nstages is classified as number of stages 

nstages is quantified as 15  

stage-8 is a part of distill-3  

stage-8 has as aspect stagenr 

stagenr is classified as a stage number 

stagenr is quantified as 8 

Note that the roles top product, bottom product and reflux are in fact subtypes of input and output. 

9.3.2. Process cases 

Process cases are sub-processes that take place under various different conditions and capacities. They are 

often defined for a design to ensure that hardware is designed such that it is suitable to operate under the 

various conditions and capacities. Process cases thus typically include extreme operating conditions, such 

as minimum and maximum flow rates, pressures and temperatures. A characteristic is that the various 

input and output materials (streams) in the different process cases are used in combination with usually 

the same hardware. So a process cases is a sub-process that is an imaginary part of a bigger process that 

uses different inputs and outputs, but may involve the same hardware (equipment) as other process cases. 

Thus process cases are described in the same way as other processes. In a model it will be visible that 

pieces of hardware appear in various roles in different process cases in which different inputs and outputs 

apply. As the inputs and outputs are not defined as input and outputs for the hardware, but for the 

different processes, there is no ambiguity of which input belongs to which output. 

9.3.3. Energy transport and conversion processes 

Energy is not just consumed or produced by equipment, as is often suggested, but energy is transported 

from one place to another and converted by equipment from one form into another. For example, a pump 

is not just a pressure and velocity increaser, but primarily an energy converter. 

Conversion from one form of energy to another is a process that can take place with the use of various 

types of equipment.  

For example, an electrically driven pump starts with electrical energy supplied to the electric motor. 

There, the electrical energy is transformed into kinetic energy of rotation, which is transported via the 

shaft and a gear box to the shaft of the pump, where the kinetic energy is transformed into potential 

energy (pressure) of a fluid, which is partly transformed into kinetic energy (velocity) of the fluid. 

This can be described in a similar way as the transport and conversion of fluids, by treating energy as a 

physical object. At the start and the end of such a process the energy is derived from and given to an 

energy carrier, by changing its properties, such as its voltage or its enthalpy. 

9.3.4. Process Design & Process Simulation 

Process design starts with the definition of a series of unit operations which are physical or (bio)chemical 

processes which transform fluids or solids from one state to another. Usually a process engineer assumes 

that raw material is available for the main process at certain input conditions. The fact that it arrives by a 

transport process and is then stored in a storage facility such as a tank is usually only later made explicit. 

For example, if the first main process is a steady state distillation process, then the feed stream (a physical 

object) is pumped via a heating process to a distillation process. These processes can be simulated as a 

series of operations on the fluid, such as a pressure increase, a heat transfer and a series of vapor-liquid 

equilibrium stages of the fluid in counter current flow. This can be done even without any equipment 

involved. 
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Figure 21, Simple distillation process 

This can be describes as follows: 

 stream-1 is classified as a mixture 

 pumping-1 is classified as a pumping 

 heating-1 is classified as a heating 

 distill-1 is classified as a distillation 

 stream-1 is input in pumping-1 

 stream-1 is output of pumping-1 

 stream-1 is input in heating-1 

 stream-1 is output of heating-1 

 stream-1 is input in distill-1 

 stream-2 is output of distill-1 as top product 

 stream-3 is output of distill-1 as bottom product 

stream-1 has aspect p1 

p1 is classified as pressure  at location T-6001 

p1 has on scale a value equal to 1 bar 

stream-1 has aspect T1 

T1 is classified as temperature at location T-6001 

T1 has on scale a value equal to 20 C 

stream-1 has aspect v1 

v1 is classified as volume flow rate at location T-6001 

v1 has on scale a value equal to 9 m3/h  

pumping-1 has aspect dp 

dp is classified as a differential pressure  

dp has on scale a value equal to 3  bar  

heating-1 has aspect hf1 

hf1 is classified as a heat flow rate 

hf1 has on scale a value equal to 5  kJ/h  

distill-1 has aspect nstages 

nastages is classified as a number of stages  

nastages is quantified as 15   

etc. 

Note, that the location where stream-1 possesses its properties, is described in Gellish via a „begin effect‟ 

relation with a point in space. The „point in space‟ is here physical object T-6001. 

C-6001

LC
P-6001

T-6001

P-6002

E-6001

E-6002

E-6003

1
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Further details of measurement and observations at a particular moment in time and a a particular 

locations is described in the Gellish Modeling Method - Part 9, Measurements and Observations. (Ref. 

[9]) 

9.3.5. Process Control 

The control of a process starts with the definition of 'functions' to be performed. For example, a level 

control in a vessel via the control of the flow rate of the liquid pumped out of the vessel (see Figure 8). 

Control, as well as measurement and actuation are activities according to Gellish. Assume that we 

describe the level control of Figure 8 on a high level, and then we describe only one activity, which is 

performed by the control loop as a whole. This can be done as follows. The level of the liquid in the 

vessel, being a property of that liquid, is represented by a signal in a control loop. This signal has a role as 

input in the control activity, whereas another signal has a role as output of that control activity. That 

second signal represents the flow rate of the fluid at the outlet of the pump.  

The activity of the control loop can then be described as follows: 

LC-1 is classified as a level control 

loop-1 is classified as a control loop 

loop-1 is performer of LC-1 

Liquid-1 has aspect level-1 

level-1 is classified as a level 

Liquid-2 has aspect flowrate-1 

flowrate-1 is classified as a volume flow rate 

Signal-1 is input in LC-1 

Signal-2 is output of LC-1 

This is schematically illustrated in Figure 22. 

 

Figure 22, Instances of Objects involved in Level Control 

In the above example, we introduced two signals, because in the actual world activities can only have 

physical objects as input and output. So, the lines in Figure 21 represent physical signals, whereas the 

circle that contains the characters LC represent the activity performed by the control loop as a whole. 

Note that at this stage and abstraction level the materials that perform the various sub-activities, such as a 

measuring activity, a regulation activity and an actuation activity are not mentioned. However, from the 

schema of Figure 21 it can be seen that it is intended to influence the flow rate using a control valve. In 

other words, the flow rate is caused by the throttling activity of the final control device, in this case a 

control valve. The above description is also valid for control of the flow rate in another way, for example 

via the speed of the motor of the pump. A control engineer also knows that the first signal is generated by 

a measuring activity performed by a transmitter. And that the regulation activity can be performed for 

example by a PID controller. If we add the measuring activity we can extent the model as is illustrated in  

Figure 23 
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Figure 23, Control loop details 

These details of the control process can be modeled as follows: 

measure-1 is a part of LC-1 

measure-1 is classified as a measuring 

TR-1 is classified as a level meter 

TR-1 is a performer of measure-1 

liquid-1  is subjected to measure-1 

signal-1 is output of measure-1 

The role of the control valve can be described as a throttling activity with signal-2 in the role of set point 

input. This can be done as follows (see also  Figure 23): 

FC is a part of LC-1 

FC is classified as a throttle (and as actuate?) 

CV is classified as a control valve 

CV is a performer of FC  

A PID controller can be the performer of the regulation activity. 

R-1 is classified as a regulate 

PID-1 is classified as a PID controller 

PID-1 is controller in  R-1 

signal-1 is input in  R-1 

signal-2 is output of R-1 

Finally we can model the transport activity of the signal through a wire as follows: 

transport-1 is classified as a transport 

core-1 is classified as a core 

core-1 is enabler of transport-1 

core-1 is a part of cable-1  

etc. 
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9.3.6. Control logic and function blocks 

Loop diagrams describe control logic usually in the form of „function blocks‟ and lines between them 

which represent the „information‟ flowing from one function block to another. 

From the description in the previous paragraph is can be clear that these function blocks are activities, 

which are usually defined by algorithms. The lines between the function blocks represent signals which 

represent information. The information consists usually of just one relation, such as a property of a 

substance or a state of an item. 

The topology of the control logic is defined by the description of the roles of the signals as various 

subtypes of input and output in those activities. 

Note, that function blocks are often called functions, whereas the algorithms are also often called 

functions. To avoid confusion in this document we use the terms activity and algorithm respectively. 

Standard control activities („function blocks‟) are defined in IEC 1131-3 and extended by the VDI as 

documented in VDI/VDE 3696. These standard control activities are included in the Gellish Dictionary, 

in order to support the definition of control logic in a system (and vendor) independent way. The function 

blocks ABS, ARCCOS and ADD in Figure 24 are examples of them. The first two have both the same 

input roles for signals called U and EN and output roles V and ENO. The latter has several other input 

signals, called U1, U2, etc. 

 

Figure 24, Control Function block examples 

In the Gellish Dictionary these standard roles are defined with their full name and definition, which is 

abbreviated as follows: 

 U is a specialization of input 

 EN is a specialization of input 

 V is a specialization of output 

 ENO is a specialization of output 

 U1 is a specialization of input 

 U2 is a specialization of input 

 etc. 

Furthermore it is defined in Gellish that: 

 signal can have a role as input 

 signal can have a role as output 

Because of the inheritance rules, the fact that U is a kind of input, means that: 

 signal can have a role as a U 

 signal can have a role as a EN 

 signal can have a role as a U1 

 etc. 

The standard activities (function blocks) are defined in the Gellish Dictionary as follows: 

ABS is a kind of execute algorithm 

ABS is defined by f1 

f1 is a type of algorithm  y = abs(x)  

And finally it is defined which roles are recognized per activity: 
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U can be a role in a ABS 

EN can be a role in a ABS  

V can be a role in a ABS 

ENO can be a role in a ABS 

U can be a role in a ACOS 

EN can be a role in a ACOS  

etc. 

Because all function blocks are predefined in this way in the Gellish Dictionary, it is possible to define 

control logic by defining specific or typical signals and function blocks by classifying them as a signal 

and as ABS, ACOS, etc. and then define the control logic topology as follows: 

 signal-1 with role U is input in ABS-1 

 signal-2 with role  V is output of ABS-1 

 signal-2 with role  U is input in ACOS-1 

 etc. 

9.4. Fabrication and assembly 

Fabrication consists of a sequence of activities in which raw material or intermediate products are 

converted into components, which are then assembled into final products. This implies temporal 

succession of activities and occurrences, classified according to their specific nature. Each of those 

activities involves various objects as resources in various roles, such as performer, enabler, subject, tool, 

input, output, etc. 

The design object with its associated specification information is involved in the fabrication and assembly 

activity as specification, whereas the actual (real) physical object has the role of result (a subtype of 

output) of that activity. The actual physical object „is a realization of‟ the imagined design object. After 

fabrication and assembly the actual object is subject to a test activity to verify whether it satisfies the 

design specification and can execute the test activities. If that is the case the actual physical object 

„fulfils‟ the requirements expressed by the design object and the test activities which it should be able to 

perform: its capabilities are satisfactory. Then the physical object can be „approved for operation‟. 

Assembly of machines and equipment produced in series is often done in an assembly line where a 

temporal sequence of activities takes place. Those activities are defined as a sequence of typical activities. 

Each typical activity involves a typical object which should be connected to another typical object.  

Every typical activity can be defined by a string of text which gives instructions of for the execution of 

the assembly activity. Such a string of text and can be written according to various other standards, such 

as SGML, HTML or XML. In that case it is necessary to classify the text as appropriate after which an 

application could present the text to a user by using any text processor which is able to present text in 

such a format. 

An actual activity takes such a typical activity as a prescription of how and in which sequence the actual 

activity should be executed. 

9.5. Construction & commissioning 

The commissioning (testing), start-up (CSU) and initial operation activities are executed per (sub) system 

and start-up block. The project CSU schedule therefore needs to be developed by defining commissioning 

systems and various levels of subsystems and by identifying activity sequences that need to be executed 

per (sub)system. These systems and activities need to be integrated in the Facility Information Model to 

enable to link them to the documentations of the various systems and equipment and to enable their re-use 

during maintenance and turnarounds. 

Each system shall be defined as part of a facility decomposition hierarchy, also called an asset breakdown 

structure. This means that for each system the following aspects shall be specified: 

- It shall be indicated by a unique identifier and one or more names 

- It shall be specified to be a part of a higher level assembly 

- It shall be classified by a standard kind of system 
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- Its components shall be specified.  

Those various aspects shall be specified as is described in the following paragraphs. 

The facts that describe the identification, composition and classifications of the systems and their 

components are all part of the System Definition data set. 

For start-up it may be necessary to combine systems into start-up blocks. These are assemblies that can 

only be started up and operated as a whole. 

Start-up blocks can also be integrated in a System composition data set by adding lines that specify which 

systems are part of which start up blocks. For example, the fact that the HP and MP Steam distribution 

systems together form Start-up block SU-1 can be expressed as follows: 

UID of 

left hand 

object 

Name of left hand object 
UID of 

relation 
type 

Name of 

relation 

type 

UID of 

right 

hand 

object 

Name of right hand 

object 

112,000,003 HP Steam distribution system 1,190 is a part of 200 SU-1 

112,000,004 MP Steam distribution system 1,190 is a part of 200 SU-1 

 

Furthermore, it shall be specified which systems are described in which documents. This includes the 

drawings (P&ID‟s) on which the system scope is specified, but also other documents that provide 

information about the systems. This will enable to search for all documents about the system during CSU 

and at other occasions. The system to documents relations shall be specified together with a relation 

between the document and the electronic files (e.g. DWG and PDF files) in which the documents are 

physically stored and the location where the file is stored. An example of how this should be done is 

presented in Table 8. 

UID of left 

hand 

object 

Name of left hand 

object 

UID of 

relation 

type 

Name of 

relation type 

UID of 

right hand 

object 

Name of right hand 

object 

112,000,002 Steam distribution system 1,727 has as aspect 112,000,010 Colour of SSD on P&ID 

112,000,010 Colour of SSD on P&ID 1,225 is classified as a 550,003 colour 

112,000,010 Colour of SSD on P&ID 5,020 is qualified as 551,759 red 

112,000,002 Steam distribution system 5,046 is described in 112,000,007 P&ID of unit 1200 

112,000,007 P&ID of unit 1200 1,726 is a qualification of 490,305 Piping and instrument diagram 

112,000,007 P&ID of unit 1200 4,996 is presented on 112,000,008 P&ID of unit 1200.pdf 

112,000,008 P&ID of unit 1200.pdf 1,225 is classified as a 490,533 electronic data file 

112,000,008 P&ID of unit 1200.pdf 1,227 is an element of 112,000,009 C:\ Systemization 

112,000,009 C:\ Systemization 1,225 is classified as a 492,017 directory 

Table 8, Specification of relations between system and documents 

The above relation enables to use semi-intelligent PEFS‟s to easily find the system definitions and the 

properties and documents about the systems.  

9.5.1. CSU Activity definitions 

CSU Activities and their relations to systems and resources are specified in a CSU Activity 
Definition data set. 

Each CSU activity shall be identified by a unique identifier (UID) and a name (tag name). An 
activity name shall consist of the tag name of the item (system or component) that is subjected 
to the activity, concatenated with a single space, the letter A and an activity sequence number. 

Each activity shall be defined by three facts:  

- The activity shall be classified by a kind of activity that is selected from the common project 

Dictionary. A classification shall be accompanied by a detailed description of the activity. A 

classification may be accompanied by Clarifying notes and Remarks (in a separate column 

that is not shown in the table below).  
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- The activity shall be related to the item (system or component) that is the subject of the 

activity. 

- The activity shall be defined to be part of an aggregated activity. 

Table 9 presents an example of the definition of an activity in the form of a Gellish database table (Note: 

in order to save space the columns with UID of fact and UID of relation type are not shown in some of 

the tables below):  

UID of left 

hand 

object 

Name of left hand 

object 

Description Name of 

relation type 

UID of 

right hand 

object 

Name of right 

hand object 

112,000,021 ST-1201 System A1 
Walk down system and 

check isolations, etc. 
is classified as a 194,567 tightness test 

112,000,021 ST-1201 System A1  has as subject 112,000,005 ST-1201 System 

112,000,021 ST-1201 System A1  is a part of 112,000,020 
Commissioning of 

Unit 1200 

Table 9, Activity definition table 

Optionally an activity may be related to a document that contains a procedure for the execution of the 

activity. It is also possible that a kind of activity is related to a procedural document. References to 

documents are described in chapter 10. 

9.5.2. Relationships Between Activities 

Relationships between activities specify that an activity can only start when another activity is completed. 

This shall be specified by a <occurs after> relationship between the activities.  This shall be documented 

as follows: 

UID of left 

hand 

object 

Name of left hand 

object 

UID of 

relation 

type 

Name of 

relation type 

UID of 

right hand 

object 

Name of right hand 

object 

112,000,022 ST-1201 System A2 1,388 occurs after 112,000,021 ST-1201 System A1 

Table 10, Activity sequence definition 

9.5.3. Duration and resources 

For each activity it shall be specified what its estimated duration will be, according to which time frame 

(„calendar‟) it should be executed, how many man hours are expected and which kind of people are 

required. This shall be specified as follows:  

UID of left 

hand 

object 

Name of left hand 

object 

UID of 

relation 

type 

Name of 

relation type 

UID of 

right hand 

object 

Name of right 

hand object 

UoM 

112,000,021 ST-1201 System A1 1,727 has as aspect 112,100,001 A1 duration  

112,100,001 A1 duration 1,225 is classified as a 550,005 duration  

112,100,001 A1 duration 5,025 
has on scale a 

value equal to 
920,269 16 h 

112,000,021 ST-1201 System A1 1,727 has as aspect 112,100,002 A1 time frame  

112,100,002 A1 time frame 1,225 is classified as a 640,128 time frame  

112,100,002 A1 time frame 5,025 
has on scale a 

value equal to 
520,054 10 h/d 

112,000,021 ST-1201 System A1 1,727 has as aspect 112,100,003 A1 manhours  

112,100,003 A1 manhours 1,225 is classified as a 553,520 manhours  

112,100,003 A1 manhours 5,025 
has on scale a 

value equal to 
920,269 16 h 

112,000,021 ST-1201 System A1 5,684 
is permitted to be 

performed by a 
990,216 pipe fitter 

 

Table 11, Specification of duration and resources of activities 

9.5.4. Special tools, temporary facilities and consumables  

The need for special tools, temporary facilities and consumables shall be specified by relations with the 

required resources. Furthermore, the properties of those resources can be specified as well. For example 

as follows: 
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UID of left 

hand 

object 

Name of left hand 

object 

Name of relation 

type 

UID of 

right hand 

object 

Name of right hand 

object 

UoM 

112,000,021 ST-1201 System A1 uses as tool 112,100,010 Overhead crane  

112,000,021 ST-1201 System A1 has as input 112,100,011 Cleaning fluid  

112,100,011 Cleaning fluid is classified as a 431,735 soap  

112,100,011 Cleaning fluid has as aspect 112,100,012 Cleaning fluid quantity  

112,100,012 Cleaning fluid quantity is classified as a 550,043 volume  

112,100,012 Cleaning fluid quantity 
has on scale a value 

equal to 
927,200 6 m3 

Table 12, Specification of Activity tools and consumables 

9.5.5. Procedures to execute activities 

When activities are described in procedures that are captured in separate documents, then the CSU 

Activity definition data set can be extended with a relation between the activity and a document as 

follows: 

UID of left 

hand 

object 

Name of left hand 

object 

UID of 

relation 

type 

Name of relation 

type 

UID of 

right hand 

object 

Name of right hand 

object 

112,000,021 ST-1201 System A1 5,046 is described in 154 
procedure to test the tightness 

of a piping system 

154 
procedure to test the tightness 

of a piping system 
1,726 is a qualification of 491,000 test procedure 

Table 13, Specification of documents that contain procedures to execute activities 

The procedure that describes how the activity should be executed is essentially a further decomposition of 

the activity (or of a kind of activity) and the specification of the sequence of the tasks. Such a procedure 

can either be described in a document or it can be expressed as data in another similar activity definition 

table.  

An electronic physical file can be related to the document in the same way as is described above for the 

files with drawings and documents that are linked to the system that they describe. 

9.5.6. CSU System reports and drawings 

The above described CSU database can be queried using a Gellish Search Engine. A report generator can 

be used to automatically generate system identification lists, system composition reports and activity 

diagrams, such as e.g. IDEF0 diagrams, work flow diagrams or a CSU system activity lists for each 

system.  

9.6. Operation 

Operation and maintenance activities can be modeled according to ref. [6]. Measurement and 

observations can be modeled according to ref. [9]. 

9.6.1. Batch processes & State transitions 

Batch processes consume and produce discrete batches of fluids. During a production cycle the process 

can be „steady state‟ (see next paragraph), but the process as a whole is characterized by the fact that it is 

moving from one process state to another. This type of transition state operation is also a characteristic of 

start-up and shut-down of a unit as well as mode changes which are all parts of processes that are 

characterized by a change from one state to another. 

A typical example of a batch processes is illustrated in Figure 25, where a batch of fluid is transported 

from storage and loaded into a reactor, then heated, after which a reaction takes place (which requires a 

residence time), after which the fluid is cooled and then unloaded and transported to another storage 

facility. 

Such a batch process can be described by a sequence of „activities‟ where the fluid is subject in each 

activity. It is useful to distinguish two slightly different situations: one where a fluid has a role as feed in a 

process and another fluid has later a role as product from that process, and other situations where the 

same fluid has a role as input to as well as output from the same process. In the latter case we only need 
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to specify that the fluid has a role as subject in one or a sequence of activities. Although Gellish does not 

prescribe that this distinction should be made, it is done here to illustrate the two options. 

Note that the role „feed‟ is a subtype of „input‟ and the role „product‟ is a subtype of „output‟ according to 

the hierarchy of roles in the Gellish Dictionary. 

 

   

Figure 25, A batch process 

This topology can be described by using the various roles of the fluids relative to the processes (activities) 

as follows: 

 fluid-1 in role product is output of store-1 

 fluid-1 in role subjected is subjected to transport-1 

 fluid-1 in role feed is input in process-1 

 fluid-2 in role product is output of process-1 

 fluid-2 in role subjected is subjected to transport-2 

 fluid-2 in role feed is input in store-2 

Process-1 can be decomposed as follows: 

 heat-1 is a part of process-1 

 react-1 is a part of process-1 

 cool-1 is a part of process-1 

whereas: 

 fluid-1 in role subjected is subjected to heat-1 

 fluid-1 in role feed is input in react-1 

 fluid-2 in role product is output of react-1 

 fluid-2 in role subjected is subjected to cool-1 

Note that the role „subjected‟ implies that the fluid that enters a process stage is the same fluid as leaves 

that process stage, only its conditions at the inlet, such as temperature and pressure will be different from 

the conditions later at the outlet. Thus, it implies that the same fluid has a role as „feed‟ to as well as 

„product‟ from the process stage. The fluid that enters the reaction process (the feed to react-1) is different 

from the fluid that is product from that reaction. Therefore, fluid-1 has the role as feed and fluid-2 has the 

role as product from react-1. 

Finally the sequence of process stages can be described as follows: 

 transport-1 is succeeded by process-1 

 heat-1 is succeeded by react-1 

 react-1 is succeeded by cool-1 

 cool-1 is succeeded by transport-2 

 transport-2 is succeeded by store-2  

9.7. Maintenance 

Maintenance focuses on activities (occurrences) that have to take place and need to be scheduled. There 

are organizations and persons involved, as well as physical objects. It usually starts with a request from 

an operator which is a definition of a requested activity about a physical object.  

For example „please inspect motor-1‟. This can be defined as follows: 

request: action-1 is classified as a inspection  inspection of motor-1, because etc. 

motor-1 is subjected to action-1  

operator-1 is performer of action-1  

The requested activity will be scheduled, which means that the same action-1 is allocated to a person for 

execution at a certain moment, probably in a temporal sequence with another activity by that person. This 

can be described as follows: 

Store-1
Transport

-1

Process-1

Transport

-2
Store-2Heat-1 React-1 Cool-1



Copyright © 2010 Gellish.net – All rights reserved  84
   

 person-2 is performer of action-1 

action-1 is started at start time-1 

start time-1 has on scale a value equal to 2.30   h  

start time-1 is classified as a duration 

action-1 is performed after action-0 

This may lead to many other scheduled actions, such as ordering and repair, which are all described in a 

similar manner.  

When actual actions are taking place, then they are different from the above requested and scheduled 

ones, because the actual activities are real observed ones, whereas the requested/scheduled activities were 

not observed, but were a product of a human‟s mind, which we call „intended activities‟. 

For example, assume that the actual response to the request was not performed by person-2, but by 

person-3 and at a different time than scheduled. Then the actual activity can be described and related to 

the requested activity as follows: 

action-3 is classified as a inspection actual inspection of motor-1  

action-3 is a realization of action-2 

motor-1 is involved as subject in action-3 

person-3 is involved as performer in action-3  

action-3 is started at moment-2  

action-3 is terminated at moment-3 
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10. Drawings manuals and other documents 

A drawing is a document that consists of one or more graphical images. Each image can exist in various 

physical forms. For example as a: 

image on paper  This is a presentation of an image as a print on a sheet of paper. Typically the print is 

produced from an electronic model by graphics enabled software, using a printer or 

plotter. The image may be embedded in other information, such as text or other images, 

or the sheet may only contain the image. 

model file  This is specification of an image in the form of a digital electronic file. For example in 

the form of a dxf or dwg or Gellish Data Table format file. 

display  This is a presentation of an image in the form of light on a monitor. It is typically 

produced from a model by graphics enabled software, such as a CAD system. 

print file  This is an electronic version of a presentation of an image suitable for printing by a 

printer driver. Typically encoded in a dedicated printer driver format, such as Postscript 

(ps). 

Multiple pages can be stored either as separate objects or they can be assembled in one whole physical 

document (file). The same information can exist (be presented) in more than one form. Therefore, we 

distinguish between the physical objects („copies‟) of a document and the common information (the 

document) that is presented on those copies. The relation between the two can be expressed by the 

relation that the information <is presented on> the physical copies. For example: 

D-123 sheet 1 Rev. A is presented on D-123sh1RevA.dwg 

D-123 sheet 1 Rev. A is presented on D-123sh1RevA.pdf 

whereas 

D-123 sheet 1 Rev. A is a type of schematic diagram 

D-123sh1RevA.dwg is classified as a electronic data file (in Autocad format) 

D-123sh1RevA.pdf is classified as a electronic data file (in Acrobat format) 

10.1. Drawings 

Drawings and the graphical elements on drawings should be distinguished from the objects which they 

represent. Therefore, we first discuss the drawings and graphical elements and later we discuss the 

relation between them and the objects which they represent. 

Production of a physical drawing by a computer, in the form of a display on a screen or a print on paper, 

requires information (data) defining the drawing. Such information (expressions of facts) can be used by 

software in computers to generate actual physical graphical elements as an image, being ink on paper or 

light on screens in a specific shape, which present information to people.  

This illustrates that  

graphical elements on drawings as well as complete drawings are physical objects that can be 

described and can have aspects and relations just as all other physical objects. 

In order to make a complete drawing, the graphical elements shall be presented on an information carrier. 

Thus: A physical drawing is a physical object that is an assembly of a medium (an information carrier) 

and one or more graphical elements.  

Individuals graphical elements need to be defined by classifying them by defined kinds of graphical 

elements that are included in the Dictionary-Taxonomy and by specification of their aspect values. In 

addition to that they also need to be placed at a location and in a position (an angle) on a medium. The 

placement requires a coordinate system in an x-y plane that on its turn is placed in the plane of the 

information carrier.  

Further details of drawings and 3D models, including coordinate systems, shapes and placement of 

objects are discussed in the document "Gellish Modeling Method – Part 8, Integration of 1D, 2D and 3D 

product models”.  
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10.2. Documents and electronic files 

Physical documents (including drawings) can have various forms. For example printed hard copies or 

electronic files in various formats, such as doc, xls, pdf, dwg, dxf, etc., etc. 

Various copies in different formats may be presentations of the same content. Such a common content is 

called the information or more precisely the qualitative information, being a collection of a number of 

expressions of facts. Thus we distinguish between the documents as qualitative information and the 

physical documents.  

For example, a drawing, identified by a document number, e.g. D-123 sheet 1, is created using a drawing 

package on a computer. An initial version of the drawing is stored as an electronic file in dgw format. 

Later, a modified version, called revision B is also stored, whereas version B is also published as jet 

another electronic file in pdf format. The this is modeled as follows: 

D-123 sheet 1 Rev 0 is presented on D-123sh1Rev0.dwg 

D-123 sheet 1 Rev B is presented on D-123sh1RevB.dwg 

D-123 sheet 1 Rev B is presented on D-123sh1RevB.pdf 

Thus we have two collections of information (two set of qualitative information) Rev 0 and Rev B and 

three physical files. Further details of the modeling of documents is described in the Gellish Modeling 

Method – Part 4, Facility Information Management. 

10.3. Work Instructions and procedures 

Work instructions and procedures are information content (qualitative information) that define activities.  

For example: a maintenance procedure for a pump type A is a kind of activity that may be described in a 

document (usually also called a procedure) called „Procedure A‟. Such a procedure is typically described 

in the form of a piece of text, illustrated by some figures, and documented for example in MS-Word. 

Then the relation between the kind of activity, the procedure (qualitative information) and the electronic 

doc file with the procedure can be recorded as follows: 

maintenance of pump type A is a qualification of maintenance 

maintenance of pump type A is described in Procedure A 

Procedure A is presented on Proc-A.doc 

Proc-A.doc is classified as a electronic file 

pump type A can be subjected to a maintenance of pump type A 

The instructions themselves are, in this example, just a string of text, documented in a text processor 

which is not further decomposed or made converted into „intelligent text‟. 

It is possible to describe work instructions and procedures as „intelligent text‟, which means that the 

objects mentioned in the text refer to objects in the data structure (database or STEP file) according to 

Gellish. To do so it is required to decompose the activity into a number of sub-activities that are executed 

one after the other, or they are structured in an if_then_else clause if there is a conditional activity 

sequence. Each of those sub-activities is then defined by a string of text and possibly by objects involved 

in some role in those sub-activities. 

The temporal sequence of activities is described via the relation „is performed after‟. 

10.4. Datasheets and other standard forms 

Standard forms, such as datasheets are intended to „fill in the blanks‟. The definition of standard forms 

requires the definition of the meaning of those empty fields. Those fields are like cells in a spreadsheet, 

but with predefined meanings.  

A user of a standard form can interpret the meaning of a field on the form by interpreting some text, 

usually preceding the field and/or text somewhere above the field. Often the meaning is also dependent on 

the location of the field on the sheet (its lay-out), and the fact that the field is on this particular sheet. 

For example, an electric motor datasheet contains the following element: 

  Bearing manufacturer:   ….. 

This field has the following meaning: the name of an organization which is expected to be the 
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manufacturer of a set of bearings which are part of the electric motor mentioned on this sheet. 

In order to make such information computer interpretable, it is necessary to make this interpretation 

explicit. It requires the creation of various objects, such as an organization and a bearing, plus various 

relations between them. A further explanation of the interpretation of standard forms is given in chapter 

13.1, Data sheet mapping. Here it is explained how the lay-out with a field on a specific place is related to 

the information presented in it. Therefore it is assumed that the interpretation is done and is made explicit. 

This results in a specific „information content‟ which has to be presented in the field as „ink on paper‟ or 

other way of presentation of information to a person.  

So, a field on a form is an empty space that is part of an information carrier (e.g. a sheet of paper). Such a 

field will have properties, such as color, character size, font, etc. The „information content‟ which 

contains the text or numbers (e.g. a company name), should be filled-in in the field, which means it 

should be presented as an annotation element (which is a physical object) on the location of the field. 

A box on a drawing which contains data about the objects on the drawing, such as vessel data on a P&ID 

or a bill of material on a construction drawing, has the same characteristics as these standard forms. 

Therefore they are defined in exactly the same way as these standard forms. 

Additional information of data sheets and standard forms is given in: Gellish API and Standard Forms 

User Interface specification (Ref. [10]). 
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11. Standards 

Various things can be standardized and all those standards are documented on some medium. Therefore, a 

standard can be seen as a document (which itself is a physical object) that contain text about standard 

physical objects or text consisting of methods and procedures that define standard activities. A standard 

can also be seen as the information that defines a standard physical object or a standard activity. A 

standard can also be seen as a standard physical object (a „standard part‟) or activity, associated with 

information that defines the physical object or the activity. Finally a standard can also be the standard 

method or procedure that is the text (information content) that defines a standard activity, such as a 

standard manufacturing activity or a test activity.  

This means that it is possible to refer to a standard either by a reference to a document or by reference to 

standard information or by reference to a standard physical object or activity or by reference to a standard 

text, dependent on what you mean with a reference to „a standard‟. 

For example, a reference to a document can be made as follows: 

 P-101 is compliant with API 610  

API 610 is a qualification of standard specification 

A reference to a standard type of physical object in a standard document can be made as follows: 

 P-101 is classified as a API type 1  

API type 1 is a type of centrifugal pump 

API type 1 shall be subject in a Method-1  (manufacture an API type 1 pump) 

Method-1 is a qualification of manufacturing method 

The derivation of a pump from a standard type pump implies that the information about the standard type 

pump is inherited t.  

11.1. How to define Standard Parts or Catalogue items 

Standard parts or catalogue items are defined by standards bodies such as ANSI, DIN, BSI, etc. or by 

manufacturers and by buyers as part of their standard buying specifications. Those specifications can be 

translated to Gellish in order to be exchanged and used in design applications.  

11.1.1. What is a ‘Standard Part’ or Catalogue item 

Standard parts or catalogue items as defined by standards bodies are kinds of physical objects with 

qualified aspects. They are typically used to verify manufacturer‟s items on compliancy with the standard 

or with standard buyer‟s requirements. 

Such a standard part is referred to by its unique identifier, just as every object need to be identified by a 

unique identifier. Just as there is a „cloud‟ of information about any kind of physical object, there exists 

also a cloud of information that defines such a standard part.  

Each standard part is a subtype of the concept „physical object‟. 

The creation of the standard part is a „beginning effect‟ for which it is valuable and recommended to 

record its creation date. This creation date has to be distinguished from the registration date of a record 

about the part. 

For example: 

  1.000.001 is created at 23 October 1997 

A materialized physical object is usually fabricated according to a designed (imaginary) physical object, 

whereas the designed item is often specified to be compliant with a standard part. This means that the 

materialized physical object should be tested against the definition of the standard part. The result of that 

should be recorded as a classification or a non-classification (off-spec) relation. 

Note: the realization relation should not be mixed up with a classification relation, because an imaginary 

physical object is not a class, but it is a specific individual thing with a specification and a specific role at 

a specific location. A materialized physical object can be compliant with that specification and can have 

an actual role that is conform the intended role. 
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For example: 

 actual physical object 2.000.001 is compliant with 1.000.001 

Note: for readability reasons in the examples below object 1.000.001 will be referred to as „standard  

part-1‟. Names of standard parts are discussed under 6 below. 

11.1.2. Use of the Gellish Dictionary 

The translation of information about any typical physical object (just as for a specific physical object) 

should be done by using the standard concepts from the Gellish Dictionary. The intention of the Gellish 

Dictionary is that all the concepts which are needed for the specification of a physical object are defined. 

In other words, in principle no additional concepts need to be defined in order to define a physical object 

in the application domain. 

There are different types of concepts which are associated with a physical object via different relation 

types.  

For example,  

- kind of physical object, which contains concepts according to various classification aspects 

For example, suitability for an intended role (e.g. a pump is called „pump‟ because it is intended to be 

suitable to pump) or shape (e.g. a sphere is called „sphere‟ because of its spherical shape), etc. 

- kind of substance, which contains kinds of construction material or process material, i.e. kind of stuff 

from which a physical object is made, 

- kind of role, which contains kinds of roles which physical objects, including life forms, such as 

organizations and persons, can play. Kinds of roles are defined in the Gellish Dictionary only for the 

roles that are played temporarily and not for the roles that are normally played by the physical object. 

In other words a role of a physical object cannot be observed as long as the object is on a shelf in a 

warehouse. 

Example 2:  

 standard part-1  is classified as a pipe 

 standard part-1  is made of A106 Gr. B 

 standard part-2  can have a role as support 

11.1.3. Use of standard Properties and standard Information Content 

The definition of intended typical materials (standard parts) should make use of standard kinds of 

properties and kinds of information content as well as specific properties and specific information 

contents. 

In addition to that it is possible to standardize some of those properties and information content (text and 

numeric values) for repeated use. 

For example, two standard instances of property or state (called: valve position) with recognized standard 

values are: 'normally open' and 'normally closed'.  

The Gellish Dictionary contains a definition of standard properties called Units of Measure and standard 

text (encoded information or information content) such as the names of concepts and of individual 

countries. 

Example 3:  

standard 6” pipe has by definition as aspect a  nominal diameter of 6"  

nominal diameter of 6" is a qualification of  nominal diameter 

nominal diameter of 6" has by definition on scale a value of 6 inch 

standard 6” pipe has by definition as aspect a  S-40  

S-40 is a qualification of schedule 

standard 6” pipe shall be compliant with  ANSI B16.5 
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ANSI B16.5 is a qualification of standard 

11.1.4. Use of Domains 

Sets of properties and sets of information contents can be collected (grouped) into collections of 

properties and collections of information content. They are called domains or enumerated lists of 

information content.  

An intended typical or specific material can possess such a domain or enumerated list, which means that 

the domain specifies a set of options for the property or information content. 

Definition of standard domains and enumerated lists can be expressed in Gellish as described in the 

example below. 

Example 4: 

 size domain-2 consists of 6" which is classified as a  nominal diameter 

 size domain-2 consists of 8" which is classified as a  nominal diameter 

 pitch domain-1 consists of 4" 

 pitch domain-1 consists of 4½" 

 etc. 

Once these standard domains are defined they can be used to define a component as follows: 

 standard part-2  is defined by one of  size domain-2 which is classified as a  domain 

11.1.5. Aspects of components and features 

Also „standard parts‟ can be decomposed into parts and features. The definitions of some of the aspects of 

standard parts are in fact definitions of aspects of their components (parts) or of their features. This means 

that first the component or feature should be defined and then the property or information content 

associated with that component or feature. 

For example, the definition of a feature indicated as standard feature-3 can be done as follows: 

 standard feature-3 is possessed by standard part-1 

 standard feature-3 is classified as a beveled end 

11.1.6. Hierarchy of standard parts 

Not all standard material definitions consist of a full detailed specification. Often for several aspects there 

is an option to select a value from a prescribed list (domain) or the options are completely left open. From 

these „wider‟ material definitions several other more precise ones can be derived, each of which has less 

degrees of freedom, because some or all of the options are fixed. 

This leads to a hierarchy of standard materials, where lower level materials inherit the definition (cloud) 

of the higher level material from which it is derived. The lower level material can have additional or 

replacing specifications. 

For example: 

 standard part-4 is derived from standard part-2 

 standard part-4 is defined by  CL300 

11.1.7. Names and identifiers 

In a natural language different objects may have the same name. The meaning of such names is then 

determined from their context, which we call their „language community‟ context. For example, the 

concept „bank‟ has more than one meaning depending whether its context is a financial community or a 

furniture community. Two identical names for different concepts are called homonyms. This is also 

allowed in Gellish by specifying the different language community contexts. As codes and abbreviations 

are treated as „names‟ in Gellish this also hold for codes and abbreviations. Therefore Gellish requires 

that each object‟s name, code or abbreviated name is accompanied by the „language community‟ context 

in which the name or code is defined. This context is specified as an auxiliary fact on the same line in a 
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Gellish Database table. In addition to that it is required in Gellish that the names and codes are unique 

within the specified language community context.  

For example, two objects with the same name „bank „(homonyms), such as a bank (financial community) 

and a bank (architectural community) can be distinguished from each other by specifying the language 

community context as indicated between brackets.  

Every object in Gellish must have a unique identifier (UID). The Gellish Dictionary has already allocated 

unique identifiers (see paragraph 1) to all the concepts in the dictionary. Those UID‟s are unique integer 

numbers.  

As said, codes are treated as names in Gellish. Therefore, the codes by which objects are represented in 

other contexts are related to UID‟s in the same way as names are related to UID‟s. For example the 

concept with UID 11.001.001 is defined on the first line of the table below as a qualification of pipe. The 

same concept might occur in various coding systems under different names. Then those codes are 

specified in Gellish as synonyms of the name of concept on the first line as follows: 

Example 7 

Language 

community 

UID Name of left 

hand object 

Name of relation 

type 

UID Name of right 

hand object 

MESC 11.001.001 pipe,cs,astm a106... is a qualification of 11.001.001 pipe 

NORSOK 11.001.001 Pipe ANSI B36.10 

6" S-40 A106 Gr. 

B Beveled End 

is a synonym of 11.001.001 pipe,cs,astm a106... 

CIMIS 11.001.001 661234567890 in the context of 11.001.001 pipe,cs,astm a106... 

Universal 

Product Code 

11.001.001 123456123459 in the context of 11.001.001 pipe,cs,astm a106... 

MESC 11.001.001 74.30.05.xxxx in the context of 11.001.001 pipe,cs,astm a106... 

 

Note that several organizations have created coding systems and long names for standard parts such as the 

name in the context of NORSOK and the equivalent code and long name in the Shell - MESC system. 

In those cases „coding conventions‟ are used to create a code or a human understandable long name. 

These coding conventions typically are context specific business rules for concatenation of already 

existing (standard) information about an object. So they depend on the organization or company who 

defines the rules. Because they are typically codes that are concatenations of partial codes, they are 

constrained to be a tree structure. Therefore they cannot belong to more than one category, which causes 

that they are not generally applicable. It is also possible to implement those business rules in application 

software, so that the application would be able to generate the code or name from the (standard) 

information. This would even allow the generation of multiple codes according to multiple rules. 

UID‟s have no encoded meaning and in the context of Gellish there is no need to invent again another set 

of business rules (see also the paragraph on unique identifiers). But the above shows that, if such codes 

are available, then they can be defined and used in Gellish as names or codes that are defined within a 

specific context. 

11.1.8. Classification versus other kinds of relations 

A kind of physical object uses one or more aspects of physical objects as a basis for the definition of the 

class. The rules that are used for the definition of concepts (and thus the rules applied for the Gellish 

Dictionary) include that a concept should not be defined by an aspect which can also be defined by 

another relation type.  

For example, the concepts 'stainless steel vessel' and „stainless steel item‟ are rejected, because they are 

combinations of two types of concepts: 'stainless steel' is a kind of substance and „item‟ or „vessel‟ is a 

kind of physical object. As a consequence, a specific stainless steel vessel should be defined as: 

 V-1 is classified as a vessel  

 V-1 is made of stainless steel 
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So, the material of construction aspect should not be described by a classification relation with kind of 

physical object, but by the appropriate relation, which is in this case the 'is made of' relation. 

Similarly, the concept „300 mm vessel‟ is rejected, because it is a combination of a kind of physical 

object and a (specific) property.  

In theory every aspect of a physical object can be used to define a class, which then can be used to 

classify that physical object. This implies that e.g. every property or other associated object can in theory 

be used to create a „kind of physical object‟ for which that associated object forms the basis for inclusion 

or exclusion. 

For example, the kind of 'connected items' is a theoretically correct class. Such a concept would allow or 

require that all physical objects which have a connection relation are also classified as being connected 

via an additional classification relation. This would create duplication and will most probably create 

inconsistencies. It also has the disadvantage that it leads to artificial concepts which are not generally 

used in the engineering practice. 

Similarly, the concept „physical object of 5 kg‟ is a theoretically correct concept and it is possible that a 

specific physical object is classified as a „physical object of 5 kg‟. This is semantically the same as 

defining that the physical object possesses a property which is defined as 5 kg.  

Therefore, it is recommended not to define such types of concepts in Gellish and they will not be included 

in a standard Gellish Dictionary. 
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12. Money and Worth (draft) 

Cash money such as coins and banknotes are physical objects which represent a value or worth 

guaranteed by some authority and intended for payment for delivery of other physical objects or services. 

The value or worth is a property which can be possessed by any physical object (including cash money) 

or activity such as a service or project. 

Subtypes of value are: marginal value, price, cost, FOB cost (Free On Board cost), etc.  

For example: 

- pump-1 has a value of 3000 $ which is classified as a price 

- banknote-1 has a value of 10 $ which is classified as a value (worth) 

 Note: ‘… has a value of …’ is a subtype of ‘… has a property of …’. 

The value is usually only valid at a certain date or during a certain period and sometimes also only at a 

certain location. This is further explained in chapter 15.4, Start and terminate validity of relations. 

Money on an account at a bank is an imagined physical object. The bank guarantees (in principle) that the 

money will be paid in cash on request, which illustrates that a bank account number can be treated as the 

name of an „intended physical object‟, which is a quantity of money. 

For example: 

- money at bank-1 has a value of 10,000    $ which is classified as a value (worth) 

- bank account-1 is identified by 1571719 which is classified as a bank account number 

A currency is a standard value, comparable with a unit of measure for other properties. So it is a standard 

reference property. For a detailed explanation of the use of units of measure see chapter … (Units of 

Measure). 

Exchange rates are values of a property relative to another one. They are described in the same way as 

unit of measure conversion, although exchange rates are time (and location) dependent. 

- property $ has a value of 1,98 NLG at moment 20 November 1997. 
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13. How to map existing data? 

13.1. Data Sheet mapping 

This paragraph describes a procedure to map existing company specific Data Sheets to Gellish. 

Every data element to be filled in on a data sheet, a drawing or another document forms a „pattern‟ or 

„annotation element‟, typically as ink on paper or light on a screen. Such a pattern is created by one user 

in order to be interpreted by somebody else. In that way a document forms an essential element in the 

communication chain between people. This communication cycle is illustrated in Figure 26. 

 

Figure 26, The communication cycle 

When we „read‟ a filled in „pattern‟ on a data sheet we use the pre-printed text (and the lay-out) around 

the pattern to interpret what we see. When a computer „interprets‟ a filled-in pattern on a data sheet it can 

recognize the pattern when it consists of a standard text string or symbol.  

A new unknown pattern, such as a tag-number or a property value, can only be interpreted if it is defined 

by explicit relations with other known patterns which are meant for its interpretation. That is the reason 

why the sentences in Simple Engineering Language needs pre-defined Grammar and contains words 

which are defined by relations in the Dictionary. 

Figure 27 describes the initial steps of the procedure for the interpretation of Data Sheets. 
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Figure 27, Interpretation of data 

The procedure starts with four questions about the meaning of a pattern. Every confirming answer leads 

to conclusion on what type of pattern it is. 

1. Is it a numeric value?  

Then the pattern is interpreted as the value of a property. This is an aspect, possessed by some object. 

2. Is it an identifier? 

Then the pattern is interpreted as an identifier, which is a denotation („name‟) of something that is 

uniquely identified by a UID. 

3. Is it other text? 

Then the pattern is interpreted as a name or definition of a quality or piece of information. 

4. Is it graphical (non-text)? 

Then the pattern is called a graphical element, such as a symbol that symbolizes some object. 

The next three questions to be answered are: 

5. Which object possesses the pattern?  

In other words:  

What is the name or unique identifier of the object which possesses the property, identifier, 

information content or annotation element? 

6. What type of object is that?  

Is it 

- a material (item, substance, document, signal or symbol), 

- an activity (process or function) 

- an organization or 

- a person? 

7. How can that object be qualified?  

As an  

- intended (design or specified object), 

- actual (fabricated or natural object), 

- typical (catalogue object) or 

- kind of object? 

The answers on question 6 and 7 should be combined into one „object type‟ and filled-in on the Generic 
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Data Sheet. For example, „intended physical object‟ (int. phys. obj.), „typical physical object‟ (typ. phys. 

obj.), „kind of activity‟ (cl. act.), etc.  

Where from the context it is clear whether an intended (imagined) physical object is meant, for example if 

a whole set of data is about design objects, then the term intended or actual will be omitted. 

Once these seven questions are answered a complete sentence in Simple Engineering Language can be 

made to describe the interpreted meaning of the pattern. 

As an example the above procedure is illustrated by an interpretation of data about vessel V-6060 on a 

vessel data sheet. 

The following four lines present four examples with a positive answer on the first four questions, 

associated with an object as interpreted from answers on the last three questions. 

1. V-6060 has aspect  19000 kg which is classified as a shipping mass 

2.  V-6060 is identified as V-6060 which is classified as a tag name 

3.  V-6060 is defined by API-123 which is classified as a standard 

4. V-6060 is presented by Picture-1 which is classified as a drawing 

As can be seen from the example, all „patterns‟ are also classified by selection of a term from the standard 

concepts in the Gellish Dictionary. The four above example concepts are from the following subject 

area's: 

- aspects 

- identification 

- information 

- documents 

A more complete description of data on a vessel data sheet, combined with other data about that vessel is 

given in Appendix C. A subset of the lines in Appendix C, where the filled-in values are deleted forms a 

Vessel Data Sheet. This is illustrated in Figure 28. 
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Figure 28, Empty data sheet for an electric motor 

- black text = user supplied

- blue text = AP221 Grammer

- purple text = AP221 Dictionary

- green text = standard data

- red text = unique identifier

1 material M.... is classified as induction motor / synchronous motor

1 is referenced on 21 ..... drawing

1 is identified by 29 ..... description

1 has property 30 = ..... s Te time

1 has property 42 = ..... - power factor at full load

1 has property 38 locked rotor current at x% of full load

5 property load-1 is defined by 40 = ..... % percentage of full load

6 property current-1 is defined by 41 = ..... A locked rotor current

5 is a part of 38

6 is a part of 38

1 has property 33 = ..... % efficiency at x% of full load

1 has property 34 = ..... rpm speed at full load

1 has property 39 = ..... A locked rotor torque at x% of full load

1 has property 47 = ..... V rated voltage

2 material Stator-1 is classified as stator

2 is a part of   1 M....

2 is defined by 28 ..... stator connection

1 M.... has a role as subject in activity 3 Start-M

3 activity Start-M is classified as start

3 is defined by 52 ..... starting method

1 M.... has a role as subject in activity 4 Protect-M

4 activity Protect-M is classified as noise protection

9 material Bearing-1 is classified as driven end bearing

9 is a part of   1 M....
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14. Multi Language Support 

The Epistle data model supports multiple languages and so does the Gellish Language. 

To create a version in another language, it is required to translate the Gellish Grammar, which results in a 

version of „Gellish Summary‟ in the other language. 

For example, for a translation of „is classified as a‟ to the Dutch language it is sufficient to define: 

 relation type 118 is identified as wordt geidentificeerd als in the context of Dutch 

 relation type 101 is identified as in de context van in the context of Dutch 

Secondly it requires the translation of the Gellish Dictionary in the other language. It should be noted that 

a name of a concept in the Gellish Dictionary is associated with a unique identifier (UID) in the Gellish 

Dictionary. So the translation means that another (synonym) name is associated with the same UID.  

For example, for a translation of „horizontal vessel‟ to the Dutch language it is sufficient to define: 

 concept 520121 is identified as horizontaal vat in the context of Dutch 

Note, that with an exchange of data the UID of the Gellish Dictionary should be made the external UID in the 

data exchange file, in order to have a common reference. 

Once the translation of the Gellish Dictionary is done, it is possible to translate SEL automatically from 

one language to another. Data can be exchanged without exchanging the names of concepts, under the 

condition that it is assured that the receiving party uses the same Dictionary (i.e. with the same UID's, 

although associated with names in another language). At the receiving end the data can then be associated 

with the names of concepts in the other language and presented to the user. 

Note that also the relation types have a unique identifier in Gellish. If translated relations are associated 

using those same identifiers, then it is possible to exchange a small and more efficient, numeric form of 

data exchange file, which can be generated and interpreted faster. 
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15. The Life of a Facility 

15.1. The Life of an item in a Facility 

The life of any item in a facility starts with its creation. This holds for individual components as well as 

for assemblies at any assembly level. At the moment of creation of an item it only consists of a concept, 

an idea, which has a unique identity (represented by a unique identifier), without any additional 

information about the item. Over time the configuration of the item and its characteristics change 

continuously. The item however, keeps all the time the same unique identity. Even when the life of the 

item is terminated. The decision to physically destroy information about it is a separate and independent 

decision. 

During its life, information about the item is added by means of addition or termination of validity of 

relations (facts). Examples of relations that are created are description relations, classification relations 

and relations with other items like composition relations between the items and their parts and connection 

relations, relations between items and their characteristics, etc.  

Those relations are the result of activities. Examples of kinds of design activities that cause the creation 

of relations are listed in Table 14.  

Kind of activity Description Created or terminated 

relation 

create create an item and its identity  

identify give an item an identification, such as a name, a 

textual description or a label or a code 

identification relation 

classify define of what type an item is. This means 

associate an item with one or more concepts from 

the Gellish Dictionary 

classification relation 

assemble define to which higher level assembly an item 

belongs 

assembly relation 

collect define that an item is element of a collection collection relation 

connect define a connection between an item and another 

item 

connection relation 

define a succession deem that an item succeeds another item over time succession relation 

define an ordering define that an item follows another item in location topological sequence 

relation 

characterize define a property value for an item possession of property 

relation 

define define an aspect of an item by creation of a relation 

with a piece of information about the item 

definition relation 

derive derive information about an item by reference to 

another item. This other item is typically an item 

from a collection of typical items (e.g. a catalogue) 

derivative relation 

locate define the position and orientation of an item 

relative to another item 

placement relation 

Table 14, Design activities that create relations  
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Together with their creation these relations are usually also valid, although it might be that they should 

first be verified and approved before they are declared to be valid. 

In case of design changes the validity of relations may be terminated. Termination of the validity of a 

relation is also a result of a design activity. Examples of kinds of design activities that cause the 

termination of the validity of a relation are given in Table 15. 

declassify terminate the relation between an item and one or 

more concepts 

end-effect on 

classification relation 

remove from an 

assembly 

define that an item no longer belongs to an 

assembly 

end-effect on  

assembly relation 

remove from a collection remove an item from a collection of items end-effect on 

collection relation 

disconnect terminate the definition of a connection between 

an item and other items  

end-effect on 

connection relation 

terminate a 

characterization 

terminate the validity of a property value for an 

item 

end-effect on possession 

of property relation 

terminate the definition 

of an aspect 

terminate the validity of information about an 

aspect of item 

end-effect on  

definition relation 

Table 15, Design activities that terminate the validity of relations 

15.2. Describe an Item 

Usually, the first activity after creation of an item is to give the item a name. So, the first relation is 

usually an identification or description relation between the item id and a name or label, such as tag nr P-

4506 (see Table 16). Many items however, especially parts, have no name while some other items have 

more than one name (e.g. item id 3 in Table 16). Other description relations for the same items can be 

added, such as the description 'boiler feed water pump'.  

Fact id Uid Name of relation 

type 

Information content  

(item name) 

101 1 has as tag name Unit 4500 

102 2 has as tag name P-4505 

103 3 has as tag name P-4506 

104 4 is called Pipeline-1 

105 3 has as tag name P-4506A 

106 5 has as tag name P-4506B 

107 6 is called Piping branch-2 

108 7 is called Joint-1 

109 3 has as description boiler feed water pump 

Table 16, Relation of items with descriptions 

An item in Gellish can be either a functional item or a materialized item. Therefore we distinguish two 

types of items: functional physical objects and actual items.  

Functional physical objects are ideas, which exist only in people's mind, although those ideas (the design) 

might be represented on paper and recorded in computers. Actual items are observable items, which are 

concrete real world items, or items as they are fabricated. Properties of actual items do not stem from 

people's mind, but can only be obtained from observations, such as measurements, although the value of 

their properties might be estimated or calculated. So, the actual items are distinguished from the 

functional physical objects; they are different items.  



Copyright © 2010 Gellish.net – All rights reserved  101
   

Functional physical objects can be implemented as actual items, when items are fabricated according to a 

design. A realization relation can be used to describe the relationship between a functional physical object 

and a materialized physical object. 

The life of a functional physical object is illustrated in the figure below. The cross at the right hand side 

of Figure 29 represents the unique identity of the item and the vertical line at the left represents the life of 

that item5. During that life a large number of activities and time stamped events can take place, such as 

the event that the item was given a tag: 'P-4505', that it was given a capacity or that is was decided to 

classify it as a centrifugal pump. Such events can be documented by recording the start or termination of 

the validity of a relation between some thing and the item. For example, the classification relation 'P-4505 

is classified as a centrifugal pump' became valid at a certain point in time. 

Time
Start of life

Intended item

End of life

Design completed

Actual item installed

Start up of actual item

Unique identifier

Shut down of actual item

Design the item

Associate the item with 

an actual item

Create the item

Classify the item

Allocate a capacity

Allocate a size

Etc.

Change the design

Reclassify the item

Change a capacity

Chande a size

Etc.

Associate the item with

a different actual item

Throw the design away

Decide on plant change

Redesign completed

Different actual item installed

Associate the item with

a repaired actual item

Repaired actual item installed

  

Figure 29, The life of a functional physical object 

 

The following example illustrates the life of a functional physical object. 

Assume that facility Unit 4500 was designed in 1988 and that the intended item pump P-4506 was created 

on 10-6-1988.  

During the design process of P-4506 (the activity: 'design pump P-4506'), a number of relations with P-

4506 were made, such as: classification as a 'centrifugal pump', characterization with a differential head 

of 50 bar, a capacity of 15 dm3/s, etc. 

Later in its life a materialized physical object might be bought, which implies an involvement relation 

between P-4506 and the buying activity, where P-4506 is in the role of specification for the 'to be 

delivered' actual item. At delivery of an actual pump X-12345, the P-4506 receives a realization relation 

with the delivered X-12345. During a revamp P-4506 may be eliminated from the design and therefore its 

                                                      
5Note, that in this example, the whole life is described as the life of one item. However AP221 allows also to describe such a life as 

a sequence of lifes (phases) of different items.  
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life is terminated. Finally information about the P-4506 and all its relations will be deleted. 

Note that the above example is only about the life of a functional physical object (a design). The actual 

pump X-12345 has its own life. It is fabricated and it may be installed at different locations and execute 

different activities (functions). It has its actual capabilities, like its differential head and capacity, etc. Its 

properties are real world properties which can be observed and measured and which may change over 

time because of deterioration. Figure 30 illustrates the life of such a materialized physical object. Its 

identity exists when its fabrication starts, although its identifier may be defined when it is known that its 

fabrication will start. Its life terminates when the item is physically destroyed, although information about 

the item may be kept after that. 

Time
Start of life

Actual item

End of life

Actual item installed accoding to design

Unique   identifier  

Fabricate the item

Associate the item with 

a design item

Select base material

Mold the item

Weld the item

Cut the item

Etc.

Repair / Modify the item

Cut the item

Weld the item

Etc.

Associate the item with

a different design

Destroy the item

Decide on plant change

Modification completed

Item installed at different place

Use of the item

Fabrication completed

Start use of the item

Measure a property

Measure the performance

Etc.

Stop use of the item

 

Figure 30, The life of a materialized physical object 

15.3. Start and End of Life of an Item 

To describe the life of an item, Gellish provides the possibility that any item (identified by a unique 

identifier) can be associated with a point in time that indicates the start of its life and another point in 

time that indicates the end of its life (see Figure 31).  
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Object

Point in time

start of l ife

termination of l ife

e.g.

- material

- process

- activ ity

- substance

- property

Beginning effect

End effect

 

Figure 31, Start and end of life / validity of an object 

 

For example, for the design of Unit 4500, the design activities are scheduled by a critical path planning 

system, which created the design activities „Design unit 4500‟ and „Design piping system P4001‟. During 

the execution of those activities (the actual ones), the pumps P-4505 and P-4506 were created at 10-6-'88 

and during a revamp the life of P-4505 is terminated at 11-7-'95.  

This can be recorded as is illustrated by the relations 201, 202 and 206 in Table 17. 

Note that in Table 17, the names of the items are added for clarity, although the item names need not be included 

in the table, because the names of the items are defined already by the relations in Table 16. 

A similar life can be described for activities, processes and batches of substances. 

 

Fact id UID Name of left 

hand object 

Name of relation 

type 

Name of right hand 

object 

Date of start 

of life 

201 2 P-4505 is created by Design of unit 4500 10-6-88 

202 3 P-4506 is created by Design of unit 4500 10-6-88 

203 5 P-4506B is created by Revamp of unit 4500 11-7-95 

204 6 Piping branch-2 is created by Design of piping system 

P4001 

11-7-95 

205 7 Joint-1 is created by Design of piping system 

P4001 

11-7-95 

206 2 P-4505 is terminated by Revamp of unit 4500 11-7-95 

Table 17, Start and end of life / validity of an object 

15.4. Start and Terminate validity of Relations 

During its life an item might change many times and in many ways. Its composition might change, or its 

connections, or its properties or even its classification, etc. Such changes will not terminate the life of the 

item (otherwise it was not a change to the item), but they only start or terminate the validity of the 

relations between the item and its parts, its connected items, its properties, its classifications, etc. 

Therefore a change of an item is described as a change in the validity of its relations. Such a change of 

relations is recorded by terminating the validity of the old relations and by creation of new relations, and 

by recording the start of validity of those relations. 

Tracking of history is then possible without the need for additional information, because (historic) 

information is not changed nor deleted. 

To support this, Gellish provides the possibility that any relation between items or between items and 

other data can be associated with a moment in time that indicates the start of validity and/or end of 

validity of the relation (see Figure 26, which is an extension of Figure 31). 
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Object

Point in time

start of l ife

termination of l ife

e.g.

- material

- process

- activ ity

- substance

- property

Association

validity start

Beginning effect

End effect

Beginning effect

End effect
validity termination

 
Figure 32, Start and end of validity of relations 

15.5. How to Document a Design Change 

With the above concepts every design extension or change can be described as a series of the following 

activities: 

1. Create an item and start its life or identify an item and terminate its life. 

2. Create a property or description or name or label (tag). 

3. Create relations, such as  

 - classification relations,  

 - composition relations,  

 - characterization relations and 

 - definition and identification (naming) relations. 

4. Start or terminate the validity of those relations.  

This is done by the creation of a relation called 'inclusion of relation as valid within context' and by 

recording the start of validity point in time for that relation. 

For example:  

Assume Unit 4500 is defined in 1985 as represented on the P&ID of figure 4-1??, with the exception that 

in 1988 pump P-4506B and piping branch 2 did not exist and P-4506A was called P-4506.   

P-4506 had a capacity of 10 dm3/s (see Table 19 relations 400 through 403). 

Furthermore, assume that in 1990 the following facility changes are made: 

 Pump P-4506B is added as part of Unit 4500. 

 Piping branch-2 is defined and connected to P-4506B and to a new network node called 

Joint-1. 

 Pump P-4506B is defined to be a centrifugal pump with a capacity of 15 dm3/s. 

 Pump P-4506 is renamed into P-4506A and its capacity is changed also to 15 dm3/s. 

This design change can be described by documenting the above mentioned activities, as follows: 

1. Create three new items and their names: P-4506B, Piping branch-2 and Joint-1 and create the 

relations between these items and their names (see Table 17). 

2. Create a new name P-4506A (see Table 17) and a new property: capacity = 15 dm3/s 

(see Table 18).  

Note, that there is no need to record the creation date of properties and names as long as the 

start and termination dates of the validity of their relations with the item are recorded. 

3. Create new composition relations, connection relations and characterization relations with 

the items (see Table 19 relation 404 through 411) and 
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4. Start or terminate the validity of those relations (see Table 20). 

Note, that the in Table 19 the item names and names of concepts and the properties are added for 

clarity only. In practice the use of their unique identifiers provides a sufficient definition. Alternative 

names, e.g. in another language might be used to facilitate human interpretation. 

Unique 

Property id 

Kind of Property Info content 

(value) 

UoM 

301 differential pressure 50 bar 

302 capacity 10 dm3/s 

303 capacity 15 dm3/s 

304 capacity 20 dm3/s 

Table 18, Create properties 

 

Fact id UID Name of left hand 

object 

Name of relation type UID Name of right 

hand object 

UoM 

400 2 P-4505 is a part of 1 Unit 4500  

401 3 P-4506 is a part of 1 Unit 4500  

402 3 P-4506 is classified as a 601 centrifugal pump  

403 3 P-4506 has as aspect 7 Cap of P-4506  

403 7 Cap of P-4506 is classified as a 603 volume flow rate dm3/s 

403 7 Cap of P-4506 is quantified on scale as 302 10 dm3/s 

404 5 P-4506B is a part of 1 Unit 4500  

405 6 Piping branch-2 is a part of 1 Unit 4500  

406 3 P-4506A is connected to 8 Joint 1  

407 5 P-4506B is connected to 8 Joint 1  

408 4 Pipeline-1 is used in 406 (connection ass.)  

409 5 P-4506B is classified as a 601 centrifugal pump  

410 5 P-4506B has as aspect 9 Cap of P-4506B  

410 9 Cap of P-4506B is classified as a 603 volume flow rate  

410 9 Cap of P-4506B is quantified on scale as 9 15 dm3/s 

411 3 P-4506A has as aspect 10 Cap of P-4506A  

411 10 Cap of P-4506A is classified as a 603 volume flow rate  

411 10 Cap of P-4506A is quantified on scale as 10 15 dm3/s 

412 3 P-4506A is classified as a 602 reciprocating pump  

413 3 P-4506A has as aspect 10 Cap of P-4506A  

413 10 Cap of P-4506A is classified as a 603 volume flow rate  

413 10 Cap of P-4506A is quantified on scale as  20 dm3/s 

Table 19, Create relations 

 

Fact id Beginning or end of 

Relation validity 

Point in time 

401 is valid since 10-6-'85 

402 is valid since 10-6-'85 

403 is valid since 10-6-'85 

404 is valid since 15-7-'90 

405 is valid since 15-7-'90 

103 is valid until 15-7-'90 

105 is valid since 15-7-'90 

403 is valid until 15-7-'90 
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406 is valid since 15-7-'90 

407 is valid since 15-7-'90 

408 is valid since 15-7-'90 

409 is valid since 15-7-'90 

410 is valid since 15-7-'90 

411 is valid since 15-7-'90 

412 is valid since 1-8-'95 

413 is valid since 1-8-'95 

 

Table 20, Start and terminate validity of relations 

 

15.6. Configuration Control / Management of Cases 

During design of new facilities, as well as during the design of facility changes, various alternative 

designs (variants) and temporary solutions can exist at the same time. The management of these variants 

and their relationships is called configuration control. 

Each variant is defined by the relations that are included in it. The existence of multiple variants of one 

item at the same time implies that different variants may have different compositions and/or connection 

relations, classification relations or characterization relations. This implies also that different components 

(parts, which are items as well) may be involved. This means that more components exist than might be 

relevant for a specific variant and that an item may have many relations, some of which are valid in one 

variant, whether others are valid in other variants. 

Therefore, for one item concept, several variants may exist and it is required to record which composition, 

connection and classification relations are included in which variant. Recording the composition relations 

automatically implies which component items are involved in those variants.  

Furthermore, variants are usually based on other variants. This means, the new variant B inherits all 

relations included in variant A. Therefore it is required to record on which variant a variant is based and 

(optionally) which relations from that basis are excluded from the new variant. The data model for this 

'configuration control' is given in Figure 33. 

 

Figure 33, Configuration control 

 

Association

(Variant of)

Item

Inclusion of association

as valid within context

Inheritance of

valid associations

source (basis)

recipient (variant)

Exclusion of association

from inheritance

included

excluded
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This is illustrated with the following example. 

Assume that in the design in 1990 (variant A) unit 4500 consists of two centrifugal pumps  

P-4506A and P-4506B, each with a capacity of 15 dm3/s. Furthermore, assume that in 1995 we introduce 

variant B, based on variant A (see Figure 34 and Table 21). 

In variant B, the capacity of pump P-4506A is increased from 15 to 20 dm3/s, the classification of P-

4506A is changed from a centrifugal pump into a reciprocating pump and pump P-4506B is deleted from 

the design. The relevant relations of this variant are documented in Table 19 (relations 412 and 413) and 

illustrated in Table 20: relations 411, 413, 402, 412, 404. 

Variant B

Variant A

Variant C

 

Figure 34, Inheritance of valid relations 

 

Relation id Variant Inheritance of 

valid relations 

Variant 

2001 B inherits relations from A 

2002 C inherits relations from A 

 

Table 21, Definition of inheritance between variants 

 

 

P-4506A

Unit 4500

P-4506B

centrifugal pump

cap = 20 dm3/s

cap = 15 dm3/s

reciprocating pump

401

413

404

411

402

412

cap = 15 dm3/s410

409

P-4505

centrifugal pump

 

Figure 35, Configuration tree of Unit 4500 
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This has the following implications for variant B (see Table 22):  

1. Variant B inherits all relations included in variant A as documented in Table 21.  

In other words, B inherits the relation (the configuration) which belongs to variant A as defined in 

line 1001 to 1010.  

2. Because P-4506B is not part of variant B the composition relation 404 as defined in Table 19 and 

which is included in variant A, is explicitly excluded in variant B (see line 1012).  

2. Relation 411 which describe the property value 'capacity = 15 dm3/s' of P-4506A is also excluded 

from variant B (line 1011). 

3. A new property value is created: capacity = 20 dm3/s as documented in Table 18. 

4. Characterization relation 413 is created to allocate the new 'capacity = 20 dm3/s' to  

P-4506A (see Table 19) and this relation is included in variant B (line 1015). 

4. The classification relation 402 for P-4506A in Table 19 is excluded from variant B (line 1013) and 

classification relation 412 is created in Table 19 and included in variant B (line 1014). 

Note that the configurations of both variants A and B are defined by the relations that are included in 

them and although new relations with P-4506A are added which are only valid for variant B, there is no 

new identity for P-4506A created!   

 

In/exclusion 

relation id 

Inheritable 

object id 

(relation) 

Inclusion or 

Exclusion 

Variant Relation id 

1001 401 is included in A  

1002 402 is included in A  

1003 404 is included in A  

1004 405 is included in A  

1005 406 is included in A  

1006 407 is included in A  

1007 408 is included in A  

1008 409 is included in A  

1009 410 is included in A  

1010 411 is included in A  

1011 411 is excluded from  2001 

1012 404 is excluded from  2001 

1013 402 is excluded from  2001 

1014 412 is included in B  

1015 413 is included in B  

Table 22, Definition of variants 

15.7. Snapshots 

A snapshot is a configuration that is valid at a certain moment in time (instant). This means that the 

relations that become valid or which validity is terminated after that instant are not taken into account in 

the snapshot. The snapshot configuration is frozen for the future. Such a snapshot does neither create a 

new item (like Unit 4500 or P-4506) nor a new variant, but it only fixes a historic situation. 

If it is required to exchange a snapshot situation or to store such a situation separately, then a selection 

should be made from the available life time data. Such a selection includes the appropriate variants with 

all the relations that are valid in those variants at that moment in time. 

15.8. Realization and Maintenance History 

The life of a facility also includes the installation, repair and replacement of actual installed items.  

An installation involves the creation of connection relations between existing actual items, assuming that 
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the items are already fabricated and supplied.  

A repair usually implies the termination of connection relations, a replacement of one or more 

components of the item, followed by the creation of new connection relations. 

A replacement can be recorded as a termination of connection relations between the actual items and the 

creation of new connection relations between the new installed actual items. 

This is illustrated in the following example. 

Assume that in the 1985 base case (variant A) actual pump X-12345 was a realization of the intended P-

4506. Furthermore assume that in 1990 (variant B): 

- Pump X-12345 is replaced by pump Y-23456 and  

- Pump Y-34567 is a realization of P-4506B. 

This is described by termination of the realization relation between X-12345 and P-4506A, by creation of 

the items Y-23456 and Y-34567 and by creation of their respective realization relations. The design 

change of the intended items was documented in Table 19 and Table 20. 

The changes to the actual items are illustrated below. Table 23 illustrates actual items as a realization of 

intended items and Table 25 illustrates the start and termination of the validity of the relations in Table 

23. Table 24 illustrates connections between actual items.  

Fact id UID Actual 

Item name 

Relation type UID Intended 

Item name 

1101 501 X-12345 is a realization of 2 P-4506 

1102 502 Y-23456 is a realization of 2 P-4506A 

1103 503 Y-34567 is a realization of 5 P-4506B 

Table 23, Realization of actual items 

 

Fact id UID Actual 

Item name 

Relation type UID Actual 

Item name 

1104 501 X-12345 is connected to 504 pipe end-1 

1105 502 Y-23456 is connected to 504 pipe end-1 

1106 503 Y-34567 is connected to 505 pipe end-2 

Table 24, Connection of actual items 

 

Fact id Beginning or End of 

Relation validity 

Point in 

time 

1101 is valid since 10-6-85 

1101 is valid until 20-9-'95 

1102 is valid since 20-9-'95 

1103 is valid since 20-9-'95 

1104 is valid since 10-6-85 

1104 is valid until 20-9-'95 

1105 is valid since 20-9-'95 

1106 is valid since 20-9-'95 

Table 25, Start and terminate realization & connection relations 

15.9. Roles and Statuses 

Gellish makes a distinction between the following types of roles: 

- the roles of an organizational unit, position or person to execute an activity (task), such as  

define facility change X, verify change X, approve change X, etc. 

- The roles or responsibility of an organizational unit, position or person to an item. For example, owner, 
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maintainer (the bearer of maintenance responsibility) and operator (who has operational responsibility).   

Assume that various organizational units have an executor role in the various activities (tasks) related to 

the above described facility change. Then those roles are described by the creation of various 

involvement relations between activities and organizational units or persons. 

For example, activity 801 is defined as 'specify P-4506'. This implies that P-4506 has an involvement 

relation with activity 801 (see Table 26). Department A is intended (planned) to execute the activity, 

department B is responsible for its verification and department C has the role of approver. These 

involvement relations and the classification of the roles by kinds of involvement are documented in Table 

26. 

Note, that the item name and organizational unit names and the activity name are added to the table for 

human interpretation only. 

 

Fact id Unique 

Organization  

or Item id 

Organizational 

Unit or Item 

name 

Classification of 

Involvement 

Relation 

Unique 

Activity id 

Activity name 

621 2 P-4506 is subject to 801 Specify P-4506 

622 701 A is executor of 801 Specify P-4506 

623 702 B is verifier of 801 Specify P-4506 

624 703 C is approver of 801 Specify P-4506 

Table 26, Involvement in activities 

The validity of this plan is documented separately as is illustrated in Table 27, where it is assumed that 

the activity (801) was defined at 1-8-95 and that the plan is valid from 20-9-1995 onwards.  

 

Fact id Beginning or End of 

Relation validity 

Point in time 

621 is valid since 1-8-'95 

622 is valid since 20-9-'95 

623 is valid since 20-9-'95 

624 is valid since 20-9-'95 

Table 27, Validity of responsibility relations 

 

The verification and approval status of information can be defined in Gellish as the assessment of the 

relations between items. This is done because information about items is kept in the relations. The status 

of the information is documented by the creation of assessment relations between the relations and the 

purpose of the assessment. That purpose is usually a specific activity or a kind of activity. An example of 

such an activity is: 'approved for' construction.  

This is illustrated in the data model of Figure 36. An example of the status of the design of P-4506 is 

given in Table 28. 
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Assesment

Purpose

Association

of objects

Object

e.g.
- material
- process
- activity
- characteristic

yes/no

(a p p ro v e d  fo r)

 

Figure 36, Status of relations 

 

Unique 

Relation id 

Assessment 

relation 

 Purpose 

(activity) 

Status 

621 made for construction yes 

622 checked for construction yes 

623 approved for construction no 

Table 28, Status of information 

15.10. Consolidation of New and Existing Data 

The engineering data management as described above keeps track of creation, modification and 

termination history. This means that in principle no data is changed or deleted (until history data is 

destroyed), but its validity is terminated only. Because data is created only once and every item or relation 

is uniquely identified by a 'unique identifier', any existing data can be recognized. This means that only 

new items and relations are added. Even the termination of validity of a relation or the end of life of an 

item is described by the addition of a relation. 

Merging of data is therefore a matter of managing the unique identifiers and the merger of new data with 

existing data is straight forward. 
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16. Information about objects - Semantic networks 

As described earlier there is a fundamental difference between an object („das Ding an sich‟) and 

information about the object. In this chapter we describe how information about objects can be defined 

explicitly as collections of facts, which together define an information network. 

The atomic facts (or elementary sentences) are specified to be included in an information network by an 

auxiliary fact that is expressed by an „is included in‟ relation. For example, the fact that the internal 

diameter and the shipping mass of vessel-V6060 are included in the set of data sheet information that can 

be presented on a data sheet can be defined as follows: 

 relation #1 is included in data sheet-info-1 

 relation #2 is included in data sheet-info-1 

 etc. 

The fact that this information is presented on a specific data sheet (a physical object!) or in a specific file 

(also a physical object!) can be defined as follows: 

 data sheet-info-1 is presented on data sheet-1 

or 

 data sheet-info-1 is presented in STEPfile-1 

The information that some information (or even just one atomic fact) is included is a some information 

can be appended to every expression. Such a sentence then becomes as follows: 

V-6060 has as aspect p-1  info set-1 

p1 is quantified on scale as 3000  mm  

p1 is classified as a internal diameter 

This can be repeated for inclusions in other information networks. So, the definition of the content of 

information networks is recorded in one or more additional columns in a Gellish Data Table. 

An example of such an information network is given in Figure 37. 
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Figure 37, Information networks 

16.1. Standard Views 

A standard view is a „kind of information‟, which is defined by the rules to determine which facts are 

included in such a set of information about an object. For example, if we want to have „all information 

about a pump‟, which information do we expect? The answer on this question depends on the context in 

which we ask the question. For example, do we mean about the pump as it is fabricated, or including its 

connections to its surrounding items, or also information about the processes in which it participates, etc., 

etc. Therefore it is important to define „standard contexts‟ that define the „scope‟ of the information 

network („cloud‟) which is meant. 

In the following paragraphs, a number of those standard kinds of information are discussed. The Gellish 

Dictionary contains more standard kinds of information. 

16.1.1. Information about a stand-alone object 

A „stand-alone object‟ is information about an object in which the following facts are included: 
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1. The composition relations between the object (nail) about which the semantic network is, and its 

complete hierarchy of part objects and possessed feature objects (which are considered as 'part 

objects' in the following statements) together with the following relations: 

2. All classification relations between the object and its part objects and the appropriate instances of 

kind of object.  

This includes classification by object type, classification by roles, classification by kind of 

substance. This includes specialization relations in case the semantic network is about a class. 

3. All (recognized) possession of property relations between the object or its part objects and their 

properties. 

4. All classification relations between those properties and information content and their respective 

concepts. 

5. All (recognized) description of object relations between the object or its parts and their describing 

information content or describing information carrier.  

6. All connection relations between those parts (the 'intra-network relations'). 

7. All „material used in those connection‟ relations associated with those connection relations and the 

appropriate materials used in those connections (which shall be included in the list of 'part 

objects'). 

8. All begin or end-effects of the object and its part objects, together with their causes, locations and 

timing. 

9. All assessment relations (approvals) of those objects. 

10. All location relations, being point in space and orientation relations, when applicable. 

11. All presentation relations 

 

The above forms the decomposition hierarchy of the object together with its associated information. 

 

16.1.2. All information about an object 

 

An complete semantic network includes also the following information: 

 

- All 'inter-network relations' between the object (about which the semantic network provides 

information) or any part object and any object outside this collection of objects. 

 

This includes in particular: 

- connection relations: … is connected to … 

- realization relations: … is a realization of … 

- roles of objects in activities:  … has a role as … in activity … 

- succession relations: … is a successor of …  

- derivation relations: … is derived from … 

- version relations: … is a version of … 

- roles of organizations: … has a role as … with respect to … 

- temporal sequence of activities: … succeeds … 

 

16.1.3. Historic and Current information about an object 

There are three subsets of the above sets of information about objects: 

1.  Outdated information, which includes all facts that are not valid any more. 

2.  Currently valid information, which is information that is valid at the moment that a query is done on 

the data in a set. 

3.  The set of facts that are not yet valid at the moment that a query is done on the data in a set. 

This typically consists of planning data. 

16.1.4. Equipment data sheets 

When the content of standard empty „fill in forms‟, such as the content of data sheets, is translated to 
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Gellish the result is a typical set facts about an object. This „typical information‟ consists of subsets of 

facts about the parts from which the set is composed. 

For example, the information which is typically found on centrifugal pump data sheets can be collected in 

a „centrifugal pump data template‟. That template consists of various sub-templates, such as: 

1. a project template, with the subset of information about the project which is presented on a data sheet 

(such as the project number) 

2. one or more stream data templates, with only the stream data that are relevant in the context of a pump 

data sheet. 

3. one or more pumping process templates, with information about the pump performance when the 

pump is operating, such as under test conditions 

4. various organization templates with information about organizations and their roles towards the pump. 

5. various templates about the components of the pump, such as an impeller template, a bearing template, 

etc. 

All these sub-templates together form the information about the pump and can be presented on a pump 

data sheet. 
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