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            Abstract
          
        

        
          A large-scale complex system (LSCS) is an engineering product comprising of numerous components and interconnected subsystems. The LSCS is required to change its design or develop new systems to introduce new technologies. Additionally, the LSCS must be developed to reflect changes in regulations and external environmental factors. In this study, a knowledge management system was suggested to technically support design tasks. The proposed system provides functions to search for informally created tacit knowledge during the LSCS design stage and to connect the relationship between tacit knowledge and design results. The proposed system is expected to improve accessibility to tacit knowledge and promote the understanding of design results generated across various engineering fields, thereby facilitating prompt and accurate progress in design work. When designing a new LSCS system, trial and error in design can be reduced, and expeditious technical training for new design personnel can be supported by securing tacit knowledge derived from the previous system development process. The proposed system is expected significantly help secure, maintain, and manage organization's technical capabilities.

        

      

      
        Keywords: 
Large-scale complex system, System design, Tacit knowledge, Knowledge transfer, Knowledge management

      

    

    

  
    
      1. Introduction
      A large-scale complex system (LSCS) is an engineering product comprising of numerous components and interconnected subsystems. LSCSs appear in various engineering fields, such as shipbuilding, energy, power systems, manufacturing, aerospace, civil and construction engineering, and transportation [1]. The LSCS is required to change its design or develop new systems to introduce new technologies. The LSCS must be developed to introduce the latest technology and reflect changes in regulations and external environmental factors. For example, the shipbuilding industry is required to develop new ships that are different from existing ones, such as larger ships, to reflect the increased load due to the increase in global logistics movement, and carbon-reducing ships that seriously consider environmental issues, such as carbon neutrality. In the nuclear power industry, the development trend is changing from existing large nuclear power plants to small nuclear power plants and even micro nuclear power plants to secure safety and economic efficiency, export competitiveness, and use as a multi-purpose energy generation source.

      An LSCS system has the characteristics of a long construction period, high construction costs, and long-term operation after construction. In the design stage of the construction of a new LSCS, the applicability of newly established laws and the latest technologies are considered, and the maintenance of the facility for long-term operation and securing parts inventory are considered simultaneously. In addition, because it reflects improvements compared with the existing design and seeks to improve performance and safety, the design work of the LSCS can be estimated by researching and developing a new facility for each design, rather than simply copying the previous product. Therefore, the new construction of the LSCS must start from the design process anew, even if its purpose, function, and physical shape are quite similar to those of the reference facility, unlike products that are quickly mass-produced according to drawings with the same specifications.

      Because each design is different, LSCS design work frequently requires the design-related knowledge and problem-solving skills of an experienced professional, even though the work is performed according to procedures, formats, and documents established by the organization. If the main design tasks are overly dependent on a small number of experienced people, the design work may not proceed appropriately. This delays the design process and makes it difficult to ensure design quality. In addition, since the transfer of informal and unformed knowledge that only a few experienced people have is done individually, there is a problem that it is difficult for the organization to transfer knowledge and maintain technical skills.

      Therefore, in this study, a knowledge management system was developed to support design tasks by systematically managing unformatted information.

    

    

  
    
      2. Knowledge Management for Design Task
      
        2.1 Knowledge Management
        Knowledge management is a method that benefits from the knowledge that resides in an organization by using it to accomplish the organization’s mission [2]. As it has been known that applying knowledge management can facilitate sharing of work methods and processes, promote organizational activation and cohesion, provide knowledge for decision-making, increase productivity, and contribute to customer satisfaction, many studies have been conducted to apply it in various industries [3]-[5].

        Knowledge management uses members’ knowledge, abilities, skills, and experiences in a systematic and organized manner to improve efficiency, ensure competitive advantage, achieve goals, and spur innovation [6]. In knowledge management, knowledge refers to combining information with individual, group, and organizational experiences, skills, and judgment, and includes transitioning from understanding problems to understanding patterns that can derive solutions [6]. Knowledge management in organizations is based on an understanding of knowledge creation and knowledge transfer [2]. Knowledge transfer generally refers to knowledge sharing that focuses on departments, organizations or groups rather than on individuals [7].

        Various forms of knowledge are available. Knowledge can be divided into explicit and tacit knowledge. Explicit knowledge is codified and transmittable in formal, systematic language, while tacit knowledge is personal, context-specific, and difficult to codify [8]. Tacit knowledge is personal in origin, job specific, related to context, difficult to fully articulate, and poorly documented, but highly operational in the minds of the possessor [9]. The characteristics of tacit and explicit knowledge are presented in Table 1 [2][6].

        
          Table 1: 
				
          

          
            Characteristics of tacit and explicit knowledge[2][6]
          
          

        

        
          
            
              	
              	Explicit knowledge
              	Tacit knowledge
            

          
          
            	Features
            	- Codified 
- Documented Fixed 
- Storable 
- Transferable 
- Easily expressed and shared with others 
- Pushed or pulled
            	- Know-how embedded in people 
- Personal 
- Context-specific 
- Difficult to formalize 
- Experienced based 
- Transferred through conversation 
- Embedded in stories and narratives
          

          
            	Sources
            	- Manuals 
- Policies and procedures 
- Databases 
- Reports
            	- Informal business processes 
- Personal experiences 
- Lesson learns 
- Historical understanding
          

        

        

        Knowledge management is the systematic approach of organizations to manipulate and take advantage of both explicit and tacit knowledge, which in turn leads to the creation of new knowledge [6]. Explicit knowledge utilization is commonly achieved through formally issued documents, work manuals, and regular OJT (on the job training). However, the utilization of tacit knowledge tends to depend largely on the capabilities of members. The benefits of applying the knowledge management concept are clear, however, the key is to organize the tacit knowledge that exists at the individual level to be revealed at the organizational level. To achieve this, it is necessary to understand the characteristics of the work to which knowledge management should be applied.

      

      
        2.2 Tacit Knowledge obtained from Design tasks for Large-scale Complex System
        According to the characteristics of the LSCS, engineering technologies from various fields, such as mechanical, structural, material, fluid, measurement and control, and human engineering, are combined to develop the LSCS. Information generated in one engineering field can serve as a technical basis for design tasks or as a result of securing design validity in another engineering field. This can also be a requirement or limitation that leads to design changes. An example of the interconnections between various engineering fields that occur during the design process is shown in Figure 1.

        
          
          

          Figure 1: 
				
          

          
            Example of the process of design work
          
          

          

        

        In the nuclear facility design process, field (A) analyzes the performance or safety of the system, collects all design results derived from other fields, and checks whether safety and performance requirements are satisfied. If any dissatisfaction or problem occurs at this time, the analysis field (A) requests the relevant engineering fields (C and D) to re-examine and recalculate to resolve it. For example, the mechanical design field (C) is required to review structural integrity, and the fluid design field (D) is required to re-examine the flow rate calculation. At this time, the mechanical design field (C) must satisfy the requirements and restrictions for the material properties provided by the material design field (B) during the review and design change process, and the fluid design field(D) must also satisfy the requirements and restrictions for equipment integrity provided by the mechanical design field (C) during the calculation and design change process to solve the problem raised by the analysis field (A). As in the example explained above, changes in one engineering field require a comprehensive review to determine if there are any effects on other fields; therefore, they must proceed while organically understanding each other's work.

        Because of the characteristics of LSCS design work, as mentioned in the example, various related engineering fields repeatedly go through the process of discussing and solving problems, determining the direction of tasks, sharing task results, and discussing design changes during the LSCS design work process. A considerable number of diverse technical opinions are derived through discussions to recognize and resolve dissatisfaction. The information generated through this process can be defined as design-related tacit knowledge. Most design-related tacit knowledge has not been documented formally. However, they are highly effective in increasing the understanding of the task and gaining insight. If this knowledge is easily accessible to designers, it will increase their understanding of design tasks across fields, which will, in turn, reduce design errors. In addition, if this knowledge is systematically linked to design results, well-preserved, and accessible to designers, they can appropriately refer to the relevant materials as technical basis information on directions for problem-solving and decisions regarding dissatisfaction issues that occurred in the past. Designers can consult knowledge of similar cases that have occurred in the past to increase their understanding and gain insight into resolving current dissatisfaction.

        The design work of the LSCS, in which multiple engineering fields are simultaneously involved and organically linked, can have a significant impact on the design process and completion level, even with a small change, depending on the depth of the connection between fields. Therefore, the design status is defined according to the design level, and the design information is confirmed and documented at the end-point of the design status, which called the baseline. The design of LSCS is categorized into three statuses: concept design, basic design, detailed design statuses. The main tasks for each status are as shown in the Table 2.

        
          Table 2: 
				
          

          
            Design process of a large-scale complex system 
          
          

        

        
          
            
              	Design status
              	Main tasks
            

          
          
            	Concept design
            	-To determine the overall outline of the LSCS 
-To determine the functions, configuration, appearance, and size required for the LSCS and confirm the identity and purpose of the LSCS 
-To determine the design concept by reflecting all requirements such as data of the reference LSCS, related laws and technical standards, quality requirements, and user requirements
          

          
            	Basic 
design
            	-To conduct structural calculations and basic layout design to implement the functions of LSCS based on the conceptual design results 
-To confirm the design for the system, structure of LSCS
          

          
            	Detailed design
            	-To reflect the system designer's intention in detail and concretely 
-To finalize the figures of system, structure, components (SSCs) of the LSCS 
-To produce specifications, detailed drawings, and documents required for purchasing, construction, and operation
          

          
            	Procurement
            	-To finalize by review and revision of design specifications and purchasing specifications for purchasing materials and manufacturing equipment
          

        

        

        If dissatisfaction is not resolved through the process shown in Figure 1, the upper-level design requirements must be changed. Subsequently, the designers return to the previous design stage. When top-level requirements such as relevant laws, regulatory guidelines, technical standards, user requirements are changed, designers must incorporate these changes in the middle of the design stage. If the current design change cannot absorb the changes, designers should return to the previous design stage for upper-level design requirement changes, as shown in Figure 2.

        
          
          

          Figure 2: 
				
          

          
            The process of returning to the upper design status
          
          

          

        

        In a situation where the design requirements of the previous stage need to be changed and a return to the previous design stage is required, the design results that have been performed thus far must be overturned, and the design tasks have already been conducted again according to the changed requirements. At this time, more diverse engineering fields may need to be linked, unlike in the case of simple problem-solving. This has a significant impact on design quality in terms of ensuring design consistency, and causes a huge loss of time and cost from the perspective of the entire construction process point of view. Unexpected dissatisfaction can occur at any time during long and complex design process, and system designers must be able to deal with it. If designers can refer to the knowledge derived from past cases, it can be of great help in determining the response direction and response plan to minimize technical quality deterioration owing to design changes and minimize the time and cost damage in the process.

      

      
        2.3 Necessity of Application of Knowledge Management to Design Tasks for Large-scale Complex System
        Among the knowledge generated in the design tasks described in Section 2.2, explicit knowledge, mentioned in this paper as design information and results, is formalized according to the documentation procedures and work guidelines systematically established by the organization. To confirm the consistency of the design information, activities for improving the quality of design and operation, such as document management, technology management, process management, quality management, and configuration management, were carried out based on documented design information.

        However, a significant amount of the information generated during design changes and design phase repetitions is in the form of tacit knowledge. They are not documented but are solely dependent on the designers’ individual memories and experiences. Tacit knowledge can significantly enhance the understanding of the current situation. This knowledge has the potential to provide insight that supports design tasks by providing opportunities to refer to past cases when setting a way of working on the next status or the next project.

        Tacit knowledge tends to be transferred verbally from person to person because there is no systematic procedure for knowledge transfer. Knowledge related to problems that do not occur frequently does not need to be frequently transferred. If knowledge is not transferred, it is lost regardless of its importance. Knowledge related to long-term and complex tasks may not be transferred accurately or may be transferred insufficiently. This represents a significant loss in terms of maintaining technical knowledge. In addition, if tacit knowledge transfer relies on the knowledge and experience of an individual, the dependence on a small number of experts increases. This causes technological extinction owing to the aging of professional members and failure to transfer knowledge to young members, which can be a great loss in terms of maintaining the technical capabilities of an organization. Therefore, it is necessary to apply the concept of knowledge management to tacit knowledge created in the design stage, which is the first step in determining the quality of the LSCS during the LSCS construction process, and is time consuming and costly.

      

    

    

  
    
      3. Application of Knowledge Management for Design Tasks
      Knowledge management refers to supporting the transfer of knowledge from one person to another based on systematic procedures. The processes that a knowledge management system must undergo for the successful transfer of tacit knowledge are shown in Figure 3.

      
        
        

        Figure 3: 
				
        

        
          Knowledge Management Processes
        
        

        

      

      Knowledge creation is the first stage of the knowledge management process. Individuals initially generate knowledge. From a knowledge management perspective, it is important to recognize useful and valuable information. It is a form of discovery, realization, articulation, discussion, and conclusion. Extracted knowledge that is estimated to be valuable must be captured. Knowledge can easily be lost and must be captured in methods such as digitalization and documentation. Knowledge can have the phase of being valuable and usable only when it is structured and classified according to its content and use. Organized knowledge must be accessed in a way that meets the needs of users. It must be output appropriately for the search conditions, such as the content or situation that users want, so that it can be delivered to users in a usable form. When knowledge is delivered to users, they learn, apply, and transform it and gain insight to create new knowledge. The newly created knowledge is captured in the physical form mentioned above and appropriately delivered to users through a structured and categorized process. By conducting knowledge management processes repeatedly, users can receive support for their work by referencing more knowledge over time.

      When knowledge management processes are applied to the tacit knowledge generated in the design work, they can be refined as follows: In this study, a knowledge management system that considers the tacit knowledge created from the design tasks of the LSCS construction process was developed.

      
        	● Create: Tactic knowledge created through design statuses typically encompasses a form of discussion regarding dissatisfaction, analysis direction, analysis progress, analysis results, calculation progress and calculation results.


        	● Capture: The created knowledge is captured, such as work proceedings or minutes, presentation materials, informal documents containing analysis or calculation results, and email correspondence files.


        	● Organize: When searching for explicit knowledge, tacit knowledge can be simultaneously accessed as the technical basis for inducing explicit knowledge by connecting captured tacit knowledge with officially documented explicit knowledge.


        	● Use: Users can check whether tacit knowledge is connected to explicit knowledge according to their search conditions. By simultaneously confirming tacit knowledge, users can verify the technical requirements or background conditions that are affected as the reasons for generating explicit knowledge. Users can be supported to help them understand explicit knowledge and produce new tacit knowledge, such as gaining insight.


      

      In this study, a knowledge management system was developed that applies the concept of knowledge management to tacit knowledge created from the design tasks of the LSCS construction process.

    

    

  
    
      4. Implementation of Knowledge Management to Design Tasks
      
        4.1 Functions of Knowledge Management System for Design Tasks
        The proposed design knowledge management system aims to facilitate designers’ access to tacit knowledge. Tacit knowledge is captured in various forms, such as work proceedings or minutes, presentation materials, informal documents containing analysis or calculation results, or email correspondence files. Captured tacit knowledge is connected to related explicit knowledge captured as documents published in a prescribed format. The functions implemented to achieve the aims of the design knowledge management system are as listed in Table 3.

        
          Table 3: 
				
          

          
            Functions of knowledge management system for design tasks
          
          

        

        
          
            
              	Function
              	Description
            

          
          
            	Input project information
            	- Project name, period, scale, etc.
- Information related to company/ institutions participating the project
          

          
            	Input engineering field/ PBS information
            	- Information on engineering field related to the project
- Information on works for each engineering fields
- Product breakdown structure (PBS) information
          

          
            	Input personal information
            	- User name, ID, affiliation, field etc.
- Different permissions are granted those who can search information only and those who can both search and edit information
          

          
            	Input design information
            	- Title of design documents, document number, design status etc.
- Contents completed in documents (in the form of sentences, tables, figures)
          

          
            	Search design information
            	- Search design information by words, sentences, production fields and time, etc.
          

          
            	Input issue information
            	- Input issue related information (title, input date, working period etc.) 
- Upload documents that issue-related tacit knowledge 
- Set relation between issue-related tacit knowledge and design information 
- Set current status of the issue
          

          
            	Search issue 
information
            	- Search issue information (title, working period, current status etc.) 
- Search issue-related tacit knowledge 
- Search relation between issue-related tacit knowledge and design information 
- Download documents that issue-related tacit knowledge
          

          
            	Manage user's access and edit history
            	- Manage users' access history (those who can search information only)
- Manage editors' access and edit history (those who can both search and edit information)
          

          
            	Print search screen and DB management
            	- Print search screens
- Manage database (DB) and back up function in preparation for editing errors (authority limited to editors)
          

        

        

      

      
        4.2 Screen Composition for Knowledge Management System for Design Tasks
        This section explains the screens that implement the main functions of knowledge management system listed in Table 2. The bullets written to explain the screen and operation sequence described in Section 4.2.1-4.2.3 are identical to the numbers expressed in Figure 4-Figure 6.

        
          4.2.1 Input Explicit Knowledge
          The design information in the documents published in a prescribed format was stored in the proposed system. Because only the stored content is displayed, the information expected to be searched is derived in advance to avoid omissions during the input.

        

        
          4.2.2 Input Tacit Knowledge
          The screens for inputting issue-related information and tacit knowledge are shown in Figure 4 and Figure 5. The procedure for operating the screen is as follows:

          
            
            

            Figure 4: 
				
            

            
              Pop-up screen to input design issue appeared at first time (in Korean)
            
            

            

          

          
            
            

            Figure 5: 
				
            

            
              Pop-up screen to change design issue status (in Korean)
            
            

            

          

          ① Select the menu “Design issue management.” A design issue refers to dissatisfaction that requires a design change or re-examination during the design statuses and enables the creation of tacit knowledge.

          ② Click the button “design issue register.”

          ③ The pop-up screen to input information related to design issue then appears.

          ④ Input issue-related basic information, such as title, register date, progress period, and progress status.

          ⑤ Select all engineering fields relevant to the issue.

          ⑥ Upload tacit knowledge related to the issue (all types of electronic files, such as Excel, Notepad, and Figures etc).

          ⑦ Enter the search conditions about design information.

          ⑧ Design information identical to the search conditions are

          ⑨ displayed. The displayed design information is limited to the saved contents, as described in Section 4.2.1. Select one piece of information that the user wants to connect with issue-related tacit knowledge.

          ⑩ Selected design information is displayed in the window.

          ⑪ Click the button “Register.” Design-issue-related basic information and tacit knowledge are registered, and the design information selected as related to tacit knowledge is linked.

          ⑫ When click the button “Change design issue status,” users can change the progress status of the design issue currently printed in ③.

          ⑬ If users click the button ⑪ for a design issue in the “In Progress” status, users can change it to the “Completed” status, and if users click button ⑪ for a design issue in the “Completed” status, users can change it to the “In Progress” status.

          ⑭ When users click the “Confirm” button, the progress status changes as described in ⑫.

        

        
          4.2.3 Search Tacit Knowledge Details and Download Materials
          The screen to search for detailed tacit knowledge and download materials is shown in Figure 6. The issue-related tacit knowledge that can be searched is limited to the content saved, as explained in Section 4.2.2. The procedure for operating the screen is as follows:

          
            
            

            Figure 6: 
				
            

            
              Pop-up screen for detailed search of design issue (in Korean)
            
            

            

          

          ① Select the menu “Design issue management.”

          ② Enter the search conditions. The search conditions included issue title, related engineering fields, progress period, and progress status.

          ③ The Issue related information identical to the search condition is displayed.

          ④ Select one of the issues searched in ③ and click the button “issue information details”

          ⑤ A pop-up screen was used to display detailed information regarding the selected design issue.

          ⑥ The issue-related basic information saved according to the procedure ④ in Section 4.2.2 is displayed.

          ⑦ The issue-related engineering fields saved according to the procedure ⑤ in Section 4.2.2 is displayed.

          ⑧ The issue-related tacit knowledge registered as a form of electronic files saved according to the procedure ⑥ in Section 4.2.2 is displayed.

          ⑨ Click the button “Download.” Users can obtain issue-related tacit knowledge by downloading electronic files.

          ⑩ The issue-related design information saved according to the procedure described in Section 4.2.2 is displayed.

        

      

    

    

  
    
      5. Conclusion
      It was confirmed that tacit knowledge is important for improving the technical understanding of tasks and preserving technical skills among members. It is necessary to apply the concept of knowledge management to systematically manage and effectively utilize tacit knowledge.

      In this study, a knowledge management system is proposed to technically support design tasks by applying it to the design stage of the LSCS construction. The proposed system was implemented to store tacit knowledge produced without a format, facilitate retrieval, and define the relationship between tacit knowledge and design results in documents produced officially. This system was also implemented to expand the transfer of tacit knowledge from a small number of individuals to all organization members.

      This could improve accessibility to tacit knowledge by allowing anyone who needs tacit knowledge to use it, and it is expected to promote the progress of design work by helping in the understanding of design results and changes that are difficult to understand using only existing published documents.

      In the proposed system, the capture process depends on the by-products derived from the work process. Therefore, if guidelines for the level and method of tacit knowledge capture are attached to this system, the effectiveness of knowledge management is expected to increase significantly. From an organizational perspective, an organization is expected to maintain its technological capabilities by continuously managing its valuable tacit knowledge.
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