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Abstract. Design automation systems are implemented by many manufacturing 

companies to automate the repetitive and time-consuming design tasks. By 
automating such tasks, the designers have more time to focus on creativity and 

offer more customized solutions to the customers.  

To automate a design task, first, the design knowledge should be captured from 
designers. This type of knowledge which is usually understandable by humans 

should be structured and formalized. Next, computer codes and scripts (that are 

mostly understandable by computers/expert persons) are created to execute the 
knowledge and provide the desired output. 

To support maintenance of computer codes and scripts in a design automation 

system, it is necessary to know what, how and why about that piece of code/script. 
In order to support maintenance of the systems, we represent the system’s 

knowledge in form of knowledge objects. Knowledge objects are executed in run 

time and consist of two parts: computer readable and human readable. The focus in 
this paper is on the human readable which we call it “design description”. A 

MOKA-based framework is provided to create design descriptions for the 

computer readable parts. The design descriptions help engineers to understand and 
if needed update the computer readable parts, which in a wider aspect support 

maintenance of the whole system. E-books were used as a way to represent the 

design descriptions and a case study is provided to explore the results of the 

research. 

Keywords. Design Description, Knowledge Object, Design Automation, Design 

Rationale, MOKA. 

Introduction 

Intense competition on the global market forces manufacturing companies to 

continuously work on improving their development processes to shorten the lead time. 

To achieve that goal, some companies focus on automation of design tasks. The 

targeted design tasks to be automated are usually the tasks that do not require so much 

creativity and can be performed by the computer systems. The objective of the 

automation in design is mainly to reduce the time for design and development by 

performing time consuming and repetitive tasks such as adapting the product according 

to new specifications.  

To run a design automation system, the design knowledge should be represented in 

a suitable format for execution. To make the design knowledge suitable for machines, 
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first the knowledge should be captured from designers. This type of knowledge is 

usually recorded in form of loose text. Then the knowledge should be structured to 

provide a more formalized representation that is easier to understand and interpret. 

Finally, the formalized knowledge will be classified into smaller objects to be inferred 

and executed by computer. Computer codes will be required for execution.   

Usually the knowledge that is executed by the automation system is the result of 

the design. For example, a CAD file, a design table or design rules are the results of 

activities that were performed during the design process and are executed by the system. 

To maintain the system, these CAD files, design rules and tables along with the 

computer codes should be updated. However, updating computer codes and rules and 

files without any explanation about them is a challenging task specially if the system 

was developed long time ago or if the knowledge expert who was involved in 

development of the system is no longer available in the company for consulting.  

Design knowledge can be divided into two parts: One is design definition 

describing the results of the design, without any explanation concerning the reasons 

and argumentations behind the design. Such information can more often answer the 

“what” question. A CAD model or design table are some examples of design definition 

which are mostly based upon insights, experience, trade-offs, calculation, simulations, 

etc. The other type of knowledge is design rationale explaining the purpose and reasons 

behind the design in more details. Design rationale provides a better understanding for 

design definition and often aims at explaining the product in the way it is designed 

answering the “why” and “how” questions. For instance, “why a CAD model looks like 

as it is?” or “how a design concept was evaluated?” 

The importance of design rationale in supporting maintenance of design 

automation systems was addressed in [1]. Further, the concept of “design description” 

as a way to document product knowledge was introduced by Elgh [2]. Design 

description includes both design definition and design rationale. 

In this paper, the concept of “knowledge object” as a way to categorize the design 

knowledge into small pieces that the execution of pieces can be scheduled by computer 

is used. A knowledge object consists of a computer readable part (codes and scripts) 

and a human readable part. Design descriptions are provided for the human readable 

part to document both design definition and design rationale corresponding to the 

computer codes and scripts in each knowledge object (more detail about knowledge 

objects in chapter 1). The design descriptions provide the most important information 

that is necessary for maintaining the computer readable parts.  

A design automation system that automates a set of design tasks in the design 

process is discussed in this paper to explore the use of design descriptions for system 

maintenance. The system is developed based on the concept of knowledge object. The 

design activity is divided into design tasks and design knowledge is represented in form 

of knowledge objects for each design task. A framework inspired from MOKA (a 

methodology for developing knowledge-based engineering systems) [3] is developed. 

The framework supports documentation of the design descriptions. The framework has 

been tested through the design automation system. 
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1. Frame of reference  

1.1. Knowledge Objects 

Knowledge objects have been defined as “ bundles of human comprehensible 

knowledge representations and computer routines for the automated application of the 

represented knowledge” [4]. Knowledge object consists of two parts: automation part 

and design description part (see figure 1). The content of the automation part is 

represented in a way that is readable by machine, while the intention with the content 

of the design description part is to be human readable.  

Design descriptions in the knowledge objects should be documented in a way to 

support the engineers to understand know-what (design definition); know-how and 

know-why (design rationale). Such an understanding helps the engineers when they 

need to perform changes in the process, help them when they search for errors or help 

training new engineers to understand the design process of the tooling. The required 

information, in addition to design definition, can be for example, explanation about the 

objective of the knowledge object, input and output parameters, failure mode (what 

could go wrong when executing the knowledge object), explanation about the rules and 

logics behind them, and or a contact person in case of need for more detail information. 

 

Knowledge Object

Automation

Design description

Machine readable

Human readable

Input Output

 
 

Figure 1. A schematic view of knowledge object adapted from [4]. 

 

1.2. Methods for formalizing and structuring design knowledge  

Knowledge Based Engineering (KBE) studies methodologies and technologies for 

capture and reuse of product and process knowledge and aims to reduce time and cost 

of the development process by automating the repetitive design tasks [5]. The major 

benefit of KBE is to save time and cost. Another benefit of KBE is its integrated 

modeling approach, where the design knowledge is maintained in a central 

representation. This allows leverage of a shared knowledge base and offers domain-

specific views of a design problem [5].  

Research in KBE has led to introducing methodologies for supporting 

development of KBE systems. The KBE methodologies mainly provide frameworks for 
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formally capturing the design knowledge within a system that can infer and act on the 

captured knowledge [6]. A well-known methodology in KBE is MOKA (methodology 

and software tools oriented to knowledge based engineering applications) [3]. MOKA 

provides a framework for storage and representation of knowledge in such a way that 

will be useful in a KBE system. MOKA is expressed in accompanying two models: one 

is the informal model which collects the knowledge from experts, documents and 

computer files in types of illustrations, constraints, activities, rules, and entities. The 

other one is a formal model to prepare the knowledge in a form that is suitable for 

computer systems and programming.  

MOKA mainly focuses on “capture”, i.e. collecting and structuring the knowledge, 

and “formalize” i.e. translating the informal model into a formal model. Structuring 

results in a user-friendly informal model that is understandable by both expert persons 

(they are usually engineers involved in design) and knowledge engineers (they 

structure and formalize the expert’s knowledge). The intention of the formal model is 

to provide a more precise representation of knowledge. The knowledge is split into 

smaller objects and the objects are classified within categories. The formal model is to 

enable the last transition between the raw knowledge and KBE platforms, therefore, 

there is still no need for formal programming skills. The formal model is 

understandable by trained people with the opportunity to be interpreted by computer. 

[3] 

The output of the structuring step is a set of linked ICARE forms. ICARE forms 

are the knowledge units and are used to store the knowledge in standardized forms. 

ICARE forms include illustration form, constraint form, activity form, rule form and 

entity form. Entity and activity are the two most important forms in ICARE. Entity 

describes the product with three key areas as function, structure and behavior. Activity 

describes the design process with rules attached to it. According to MOKA, the activity 

forms capture the “what” of the process while the rule forms intend to capture the “how” 

of the process. More detail about the activity explaining the “why” can be captured by 

textual design description in the activity form.  

For each form a distinct template with separate fields is provided to record the 

specific parts of the knowledge unit. For example, the template for the activity form 

contains information such as author of the form, date, version number, status (in 

progress, complete, verified), a design description about the activity (explaining 

“what”), list of rules involved during the activity execution or link to the rule form 

(explaining “how”), objective of the activity, illustration, and input and output 

information.  

2. Proposed framework 

In this paper a MOKA-based framework is proposed for creating knowledge objects 

and design descriptions. According to MOKA, to automate the design process, the 

following steps shall be followed: 

 

� First, the top layer of the process and its strategy and objective should be 

determined.  

� Next, the process should be split into sub activities.  
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� Then, a top down approach is applied to decompose the activities to design 

tasks.  

� Finally, one or a set of knowledge objects are developed for each design task 

by identifying their objectives and their input and output parameters. 

 

Step 1, determining top layer of the process and its strategy, indicates the domain 

of the knowledge in the automation system. A knowledge domain is a set of knowledge 

objects that can target different domain such as design, simulation, etc. This 

arrangement makes the implemented system flexible to changes, enabling the plug and 

play of knowledge objects. The execution of the knowledge objects within the 

knowledge domain is scheduled by an inference engine. The inference engine arranges 

the automated knowledge in the knowledge objects in an executable order based on the 

input and output parameters of the automation part of the knowledge objects. This can 

be done prior to execution or dynamically in run time.    

Once the domain is determined, the process is split into sub activities with defined 

inputs and outputs. For each sub activity, one knowledge object or a set of knowledge 

objects are to be defined.  

2.1. Design descriptions: knowledge domain and knowledge object descriptions 

Depending on the level of the design description, if it is in the domain level or object 

level, design descriptions are categorized into knowledge domain descriptions and 

knowledge object descriptions. To support documentation and standardization of 

design descriptions, templates are provided for both knowledge domain and knowledge 

objects. Figure 2 shows the provided templates that are inspired from the activity form 

in MOKA. The fields in the templates are designed in a way to support know-what, 

know-how and know-why. The information in the design descriptions help the 

engineers when they need to perform changes in the process, help them when they 

search for errors or help training new engineers to understand the design process of the 

tooling.  

The main difference between knowledge object descriptions and knowledge 

domain descriptions is the links to knowledge object neighbors in knowledge object 

descriptions. Links are to be provided to navigate to the first previous or first next 

knowledge objects to trace the executed objects.  

3. Case study 

Howtomation Suite is an automation tool that was developed by one of the authors of 

this paper [7]. Howtomation Suite is a constraint solver tool that is developed based on 

knowledge objects to automate design activities. The design process is broken down 

into a set of activities that need to be solved. In the system the activities are represented 

in form of knowledge objects. Based on the input information for a knowledge object, 

design rules are provided to execute the knowledge object. The output of the 

knowledge object will be input for the next knowledge object in the process until the 

problem is solved.   
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Figure 2. Templates for knowledge object description and knowledge domain description.  

 

An industrial example is used to explain how design descriptions in knowledge 

objects can be documented. The example targets the development process of a 

company that produces roof racks that are used for carrying skies and sport instruments 

on different car models. A component called bracket is used to connect the rack to the 

roof and hold it (see figure 3). A roof rack that is developed for a specific car can be 

adapted to a new car brand by redesigning the bracket (there are other parts that should 

be adjusted but for the sake of simplicity we don’t consider them in this example). 

Slight changes in the design of an existing bracket allows reuse of a previously 

developed roof rack on a new car model.  

All the previously designed brackets are stored in a database in the company. By 

entering a new car into the market, the engineers first search the database to find an 

applicable bracket for the new car. If they find a bracket that suits the new requirements 

the manufacturing of the bracket is started quickly by reusing the associated production 

tooling that were developed in previous projects. If none of the existing brackets are 

suitable for the new car, a new bracket is to be developed. Manufacturing of a bracket 

requires performing press mechanism on raw material. A tooling is required to be used 

in the press machine to form the required shape of the bracket. So, for developing a 

new bracket a new tooling should also be developed.  

The example presented here targets the design process of a new tooling. The 

design process can be split into a number of tasks that are repeated every time a new 

tooling is to be developed. The objective is to define knowledge objects for the tasks 

and use Howtomation Suite to execute the knowledge objects automatically based on 

some input information that are set by the engineers. The output would be a complete 

CAD model for the tooling. 
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Figure 3. Use of bracket in installing a rack on the roof of a car.  
 

3.1. Knowledge objects and design descriptions in the design automation system 

A screenshot of Howtomation Suite and knowledge objects and parameters created for 

automatically developing the tooling is presented in figure 4. Due to the large size of 

the process, only half of the process is shown. The rectangular shapes represent 

knowledge objects and the oval shapes represent parameters. Executed knowledge 

objects are green, triggered knowledge objects are yellow and unreachable knowledge 

objects are red. Also, known parameters are green while unknown parameters are red.   

 

 

 

Figure 4. An overview on Howtomation Suite (print in color).  

 

The process starts from the left side where the first knowledge object gets the 

initial parameters such as “bracket name” parameter from bracket’s CAD model. The 

output from the first knowledge object is then used by the next knowledge objects and 

so on.   

Roof 

Bracket 
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For the design of the tooling, there are in total 22 knowledge objects such as 

GetInitialParameters, CreateProjectFolder, InstantiateSolidWorksModel, GetPad, 

GetPadComponentName, CalculatePadLength and AddFilletToPad, and 51 parameters 

such as AssemblyName, BracketLength, PunchHeight and PadLength.  

Figure 5 shows a knowledge object called “AddExtrudeInPad” and its design 

description in Howtomation Suite (on the right side) which was created based on the 

template shown in figure 2. To integrate the design descriptions into Howtomation 

Suite, e-book technique was used. EPUB (electronic publication) which is a file format 

for electronic books was used to enable flexible and accessible documentation of 

knowledge objects. Each design description can contain texts, pictures and movies. The 

design description is stored as an xhtml webpage and is displayed in a window on the 

right-hand side of Howtomation Suite when the corresponding knowledge object is 

selected. 

4. Discussion and conclusion 

Providing methods and approaches for capturing design information including design 

rationale and sharing it for the design members supports collaboration and increases 

accuracy and efficiency in the development process. Usually, when it comes to 

documentation of design knowledge, specially design rationale, a challenge is to know 

what should be captured that will most probably be used in the future to support system 

maintenance. The situation becomes more critical when the knowledge expert who was 

involved in the develoment of the system is no longer available and a new engineer has 

to take over the responsibility. 

      The importance of design rationale in system maintenance has been addressed by 

research community, howewer, the major issue is to keep the documentation simple, 

thorough and understandable by others. The provided templates for knowledge object 

and knowledge domain descriptions is a way to standardize documentation of the 

descriptions that include both design definition and design rartionale. The templates 

were inspired from MOKA A-forms that target design activities. According to MOKA, 

the activity form captures the “what” of the process, however, more detail about the 

activity explaining the “why” and “how” can be captured by textutal description in the 

activity form. This can be seen in the proposed templates where the intention is  to 

capture all the “what”, “why”, and “how” of the process.  

       The determined fields in the templates are the results of several discussions with 

author of this paper, system developer and engineers in the company as well as 

inspiration from previous research in the design rationale field. The content of the 

fields were tailored according to the company’s needs and they can be adjusted if the 

template is to be used in another context or organization. 

Electronic publication is a file format for electronic books that was developed by 

International digital Publishing forum. There exist free and commercial EPUB readers 

for all platforms. Several web browsers are capable of reading EPUB as well. The 

presented automation system in this paper allows text, pictures and movies in a design 

description. The design description is stored as an xhtml webpage. It is possible to 

generate an e-book including all design descriptions in a domain.   

A design automation system that automates a set of design tasks in the design 

process was discussed in this paper to explore the use of knowledge objects for system 

maintenance. The system is developed based on the concept of “Knowledge Object”. 
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Knowledge object contains both design definition and design rationale for 

computer routines and can be executed by computer. The advantage of providing 

design descriptions for knowledge objects that describe the objective, input and output 

parameteres, rationale, as well as corresponding author, the correct version of the 

knowledge object and the responsible person that can be contacted in case of need was 

emphasized by the company representative. More study is required to determine 

granularity on which knowledge objects are created. A challenge is decomposing the 

design activities into design tasks and providing knowledge objects for each task.  
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