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Abstract
This paper briefly introduces the requirements and advantages of open system
architecture, analyzes its foundational elements in hardware, software, and net-
work services, enumerates case studies in the defense, aviation, automotive, and
healthcare industries, describes its role in library and information institutions,
and summarizes the design principles for implementing open system architec-
ture.
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Abstract

This article briefly introduces the needs and benefits of Open System Archi-
tecture (OSA), analyzes its foundations in hardware, software, and network
services, enumerates case studies in military, aerospace, automotive, and med-
ical industries, describes its functions in libraries and information institutions,
and summarizes the design principles for implementing OSA.
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1. Needs and Advantages of Open System Architecture
In the information society, network services that provide dynamic information
represent the development trend of information service systems. Open system
architecture offers multiple advantages for activities involving information, re-
sources, and systems: it supports system analysis based on component methods,
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facilitates system implementation using component-based approaches, helps de-
scribe system complexity, and supports system design [1]. From the perspective
of enterprise information flow management, current network service systems al-
low businesses to link their business processes with technical processes through
minimal changes to business interfaces, without altering the underlying operat-
ing system. For example, a clothing retail organization with 500 international
chain stores frequently needs to update designs to keep pace with fashion trends,
which may involve changing not only styles and colors but also fabrics, manufac-
turers, and deliverable products [2]. If the systems between retailers and man-
ufacturers are incompatible, switching from one supplier to another becomes
an extremely complex process. Practical open system architecture and product
standards significantly reduce development time from standards to products.
When systems define task module models with consideration for interoperabil-
ity and interchangeability, subsequent system performance can achieve real-time
capabilities, usability, and practicality advantages [3].

End users often encounter situations where completing a single task requires
repeatedly searching through multiple databases or websites. With the develop-
ment of computer hardware and software, many industries face system incom-
patibility issues that prevent information sharing between systems, resulting in
substantial duplicated efforts. Open system architecture and universal industry
standards are needed to resolve this problem of redundant resource construction
[4]. For instance, travelers can purchase bus and tram tickets across Germany,
book hotels and sightseeing tickets, and even reserve travel routes in other EU
countries through the German railway’s ticketing system [5]. Such systems
save users from having to query various transportation prices, seat availability,
and schedules when traveling from place A to place B, while also providing in-
formation on hotels, restaurants, sightseeing locations (including opening hours,
discounts, pricing, and restrictions) at origin, destination, and transfer points,
along with weather, holidays, exchange rates, and credit limits. Therefore, ser-
vices built on open system architecture not only facilitate the use of their own
services but also enable users to access services from other institutions, gener-
ating positive benefits for entire industries.

In open system architecture, each architectural element or component can be
designed as an independent unit. If the component agent approach is adopted
as the basic system module, utilizing its software component technology to build
systems, components become reusable application data and public methods that
other applications can access and manipulate [6]. In mechanical engineering,
open architecture includes interface specifications for necessary hardware and
software integration of new processes and their drive control, monitoring, diag-
nostics, service functions, and sensors, significantly saving repeated modeling
and design efforts [7]. In fact, fierce market competition demands rapid product
development, and virtual product development represents a new development
model. Applying this architecture can reduce costs and improve development
efficiency during the popularization of communication architectures, hardware
devices, and software content.
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Open system architecture originated from industry demands in the electronic
parts supply chain. Beyond hardware, software and network services have also
adopted similar development patterns and architectural designs. Large elec-
tronic systems often require subsystems from different suppliers and applica-
tion categories to be integrated into the same hardware. Partitioned operating
systems (OS) allow shared access to critical system resources for application
integration systems, saving time and space needed for subsystem packaging
[8]. Component-based open middleware architecture defines message passing
and operation methods between software components at the application layer,
aiming to ensure interoperability across multiple platforms and portability for
future development technologies [9]. In the chemical industry, utilizing flexi-
ble and adaptive designs of open system architecture and predictive simulation
tool development, along with the development trend of electronic maintenance
(such as wireless communication, intelligent network services, and smart hand-
held computers), has shifted from pure technological advancement toward in-
formation standards for open system architecture in collection, communication,
information storage, and identification system interoperability, gradually mov-
ing toward a “plug-and-play”basic operation mode under a global framework
across different systems [11]. In this trend, the integrated environment of soft-
ware development tools adopting open system architecture supports unified au-
tomation methods and professional functions, introducing a unified approach
to embedded design processes for complex real-time control systems [12]. Pro-
vided distributed computing can be guaranteed, open systems can access and
operate other systems through standard interfaces [13]. In the network services
segment under hardware and software, open system architecture can promote
semantic interoperability of semantic web technologies, using web service tech-
nology to build loosely coupled components and combining workflow technology
to enrich required processing capabilities. An open architecture can effectively
support key activities, from creating, retrieving, and post-processing to com-
posing, classifying, and invoking algorithms, establishing new automated pro-
cessing solutions for the knowledge lifecycle [14]. For a specific case, to fully
fulfill the requirements of space tracking, prediction, and timely comprehen-
sive understanding of polymer production processes [10], a geological feature
network server (an open system architecture) with a three-tier architecture in-
cluding client (GOCAD), application server (Apache Tomcat and Degree), and
database (MySQL) can access three-dimensional geological models through web
services to generate spatial applications of three-dimensional geographic models
(compliant with ISO TC/211 - Geographic standards) [15].

The hierarchical layering of open system architecture across hardware, software,
and networks, with open interfaces at each level, provides five advantages: easy
partial component updates; partial component updates without affecting over-
all system operation; open interfaces meaning anyone can participate in overall
system engineering, increasing industry competition and innovation; standard-
ization of open interfaces promoting increasing market share of open systems
within and across industries; and, based on the promotion effectiveness of open
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system architecture in industries, obtaining intelligence on technical capabilities
of other potential competitors through industry analysis.

From the perspective of computer hardware support, the Open Service Avail-
ability Framework (OpenSAF) combined with the Open Modeling and Simu-
lation Architecture (OpenMSA) and Open System Architecture for Modeling
and Simulation (OSAMS) features extensibility, parallelism, and distributed
characteristics, supporting real-time business-oriented system applications, pro-
viding scalable high-performance execution of proposed cognitive architectures
for multi-core computers [16]. From software to network services, semantic web
and agent technologies represent the latest developments in Information and
Communication Technology (ICT) for monitoring and maintenance in manu-
facturing, power, chemical, and other industries, which is a common develop-
ment direction for multiple industries [17]. This industry diffusion trend is
supported by mechanisms that transmit and collect data from different sources
through multifunctional and open system architecture, filtering and processing
through algorithms originally developed for real-time system monitoring, with
customized open system architecture capable of handling data archiving and
extended archiving, even managing visualization methods for this data [18].

Data flow, information flow, and knowledge flow management are separate is-
sues. What is emphasized here is that the substantive significance of open
system architecture is ensuring the possibility of free flow of data, information,
and knowledge streams. This possibility varies across industries under different
restrictive specifications and technical safeguard measures.

3. Industry Cases of Open System Architecture
Open system architecture relates to industry standards and specifications, but
different patterns exist across domains: the military field follows government-
established standards; the aviation industry follows standards set by upstream
giants and downstream manufacturers; the automotive field involves a few in-
dustry oligarchs jointly establishing standards for self-implementation; and the
healthcare field gradually forms industry standards based on individual prac-
tices. Additionally, different open system architectures warrant mutual refer-
ence.

3.1 Open System Architecture in Military Systems

Experienced troubleshooters require training at component manufacturing fac-
tories to become more familiar with components. When a cannon breaks down,
the solution is not to purchase, ship, or cast a new one, but to troubleshoot
or replace parts. Familiarity with components is crucial because weapons no
longer need to be sent to repair factories but can be maintained, repaired, and
restarted on-site. This is especially true for large weapons, particularly ships
and carrier-based aircraft.

The emergence of military standards resulted from parts replacement needs in
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the mechanical age, which also serve as demonstration standards for commercial
and public industries. With standard specifications, component production is
not limited to fixed factories and production teams. Of course, production capa-
bility depends on manufacturing processes (precision) and licenses (franchises),
but this approach is highly efficient in industrial engineering and administrative
management. In the electronic tactical era, this demand not only expands to
various industries related to military industry but also gradually becomes an
important business philosophy and industrial law.

The U.S. Air Force began funding the Small Business Innovation Research
(SBIR) program in 1998 to integrate small businesses into the military-industrial
system. Its technology platform is based on the Condition-based Intelligent
Equipment Management System (ICEMS), which includes an open system ar-
chitecture applicable to all types of equipment or systems (such as engines) and
a set of tools for heterogeneous data integration in distributed systems, pro-
cesses, and asset management [21]. For example, the software requirements
for wireless technology on naval carrier-based aircraft involve programmable,
multi-mode, multi-band, networked, robust, mobile, resilient systems with syn-
chronized voice, data, and video information assurance; the U.S. Navy’s Space
and Naval Warfare Systems Command (SPAWAR) once commissioned Motorola
to design a radio digital modular platform, a plan that included detailed eval-
uation, analysis, and demonstration of key attributes such as reconfigurability,
architectural openness, software programmability, modularity, portability, and
scalability [22]. Subsequently, the U.S. Navy required systems to adopt open sys-
tem specifications and standards, implementing proper design and development
schemes with sufficient open interfaces, services, and support format specifica-
tions [22].

Open system architecture adopted by U.S. naval vessels includes relevant mod-
els and standard interfaces, enabling the latest commercial equipment and re-
lated technologies such as structures, electrical systems, mechanical systems,
and other shipboard systems to be upgradable. By developing an open sys-
tem architecture and standard interface framework, ship vitality and combat
effectiveness can be extended and enhanced [23]. Ship systems require compo-
nent replacement, upgrading, enhancement, and reuse, necessitating an open
system architecture to create a“plug-and-play”environment including industry
standard interfaces, protocols, and network variables [24].

3.2 Open System Architecture in Aviation Industry

Avionics development or upgrading is often extremely expensive. Generating
new product descendants from the same product family can save time and
money. Currently, U.S.-developed radar systems consist of a layered open sys-
tem architecture from underlying hardware and software to partitioned combat
systems, middleware, communication fabric, and computer platform applica-
tions. This framework includes a component library for expanding applica-
tion domains, making hardware independence relatively easy and enabling easy
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maintenance and upgrading of infrastructure [19]. The U.S. Navy’s Tomahawk
missile weapon control system uses an open system architecture based on Fiber
Distributed Data Interface (FDDI) and Computer Software Configuration Items
(CSCIs) as its weapon control system interface (CCS) [20], thereby achieving
weapon control and development.

The aviation industry represents the most complex large-scale systems engi-
neering, including standards for complete aircraft, engines, and ground support
infrastructure. Each subsystem includes countless switches and standard oper-
ating procedures, requiring multi-person synchronization even with advanced
electronic communications. Taking Boeing’s Integrated Vehicle Health Man-
agement (IVHM) architecture as an example, even providing asset management
for ground facilities requires creating an open system architecture for condition-
based maintenance (OSACBM) as a universal tool. Using extensible and effi-
cient modules, it simplifies the IVHM integration software framework, primarily
handling integration of software models, algorithms, data, communication, and
embedded processors; integrating IVHM control usage, communication, mission,
flight, maintenance, and other major vehicle systems [26,27]. Through extensive
maintenance and usage management experience, the aviation industry’s software
development tool chain can support collaborative development of complex sys-
tems with multiple commercial partners, solving development and deployment
challenges through alliance-based approaches.

3.3 Open System Architecture in Automotive Industry

Contrary to Boeing’s proprietary open system architecture, the Automotive
Open System Architecture (AUTOSAR) developed by the automotive manufac-
turing industry is an open, standardized software architecture jointly established
by major global automakers. On one hand, it maintains stability among existing
partnerships; on the other hand, it addresses development challenges for critical
systems such as brake-by-wire or steer-by-wire [28] by establishing similar coop-
eration conventions to avoid unnecessary duplicate specification development.

In recent years, the increasing software complexity required by the automotive
industry has demanded significant time and cost to manage and develop software
modules in vehicles. A core aspect of AUTOSAR’s standardized software archi-
tecture supporting distributed processing embedded platforms is implementing
virtual bus functionality for Electronic Control Units (ECUs) (communication
applications between software components) [29]. To reduce costs of developing
new vehicle functions, the standardized software architecture promoted by the
automotive industry plays an important role in reliability analysis processes,
where fault injection schemes help developers address and solve implementation
issues while enhancing environmental applicability [30]. AUTOSAR’s standard-
ized software architecture and software system scheme for automotive electronic
control-defined vehicle diagnostic protocols can improve reusability and porta-
bility while reducing software development lifecycle [31].
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3.4 Open System Architecture in Healthcare

Network, sensor, and embedded device technologies can assist in improving
healthcare and reducing social costs of population aging. However, challenges
include system usability, reliability, and safety. Open system architecture can
combine software and hardware from many vendors to provide information
needed for medical assistance [32]. However, due to different interfaces and
transmission protocols, communication between devices from different manufac-
turers is often impossible. In medical fields, multiple automated devices for pa-
tient monitoring and treatment lack configuration and coordination. Therefore,
if a universal data and communication model exists to describe transmission
equipment and critical parameters, device types, communication specifications,
etc., it can be compatible with different platforms and system devices while
maintaining a framework for special plug-in interfaces, enabling simple plug-ins
to have different uses on different devices [33].

On the other hand, wireless networks combined with image sensors to develop
various remote sensing applications represent an emerging industry. As an open
system architecture supporting wireless transmission image processing, it can
support any sensor or wireless network application instance, accelerating devel-
opment of complex and efficient algorithms required for practical applications
[34]. This has pioneering significance not only in healthcare devices but also
in remote education, spatial intelligence management (home, entertainment,
public places), and remote control fields (such as seabed and space monitoring
assistance).

4. Role of Open System Architecture in Libraries and In-
formation Institutions
Currently, existing library automation systems, resource link servers, electronic
resource management systems, and digital resource preservation and manage-
ment systems have adopted open system architecture to some extent, using
multi-tier client/server architecture where component modularity can be added,
modified, and customized as needed. However, deep-level issues such as data
migration and reconstruction, along with core code openness and development
capabilities, are rarely discussed.

Real-time interactive virtual classrooms, which have not yet been considered and
integrated, have three priorities for open system architecture: how to support
integration of human-machine interfaces and personal mobile devices in class-
rooms; how to handle deployment of interaction interfaces with other learning
systems under different circumstances; and how to manage interactivity and
transmission functions required for cross-cultural learning in different contexts
and countries [35].

Furthermore, multi-agent patterns have been fully applied in process control,
mobile robots, information retrieval, and other fields. Open system architec-
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ture can provide network dynamic agent independence and serve as a universal
information retrieval and management system architecture [36]. However, de-
veloping such systems requires automated testing, while developing and main-
taining large amounts of test case software is both expensive and error-prone.
On a standard interface of open system architecture, service data definitions,
functions, and domain knowledge provided by semantic models can create rules
to simulate causes and conditions of Software Under Test (SUT) [37], partially
solving this engineering problem.

In addressing business processes, objects, and resources in libraries and informa-
tion institutions, the Computer Integrated Manufacturing Open System Archi-
tecture (CIMOSA) modeling framework has not yet been adopted. Analyzing
institutional environments through data flow diagrams (DFDs) or forming Uni-
fied Modeling Language cases [38], the question lies in how to practice and
detect the so-called degree of openness.

5. Design Principles for Implementing Open System Ar-
chitecture
An important advantage of open system architecture is development of complex
products, as product development requires many software components that can
be reused across platforms. Component-based open system architecture enables
synergy of product component data and operation methods [42]. Once partici-
pants and designers propose challenges requiring both overall grasp and detailed
clarification, open system architecture 梳理 helps recognize commonalities and
differences between library and information systems and other industry systems.
More fundamental issues exist in execution problems of data analysis, applica-
tion, management, and preservation. The solution approach takes the library
community’s pioneering KB as a foundation for deeper description in the future.

The positive significance of open system architecture is achieving human-
centered design. Middleware products on open platforms follow design
principles that recognize product target users, develop user-friendly software
products, and complete customer-centered design methods and finished
products based on product usability, functionality, and operability [43].

The negative crisis of open system architecture lies in lack of strategic thinking
and system monitoring and risk analysis. These factors are easily overlooked
in architectural design: whether open system architecture projects guide devel-
opers to build an open system; whether there is capability to evaluate open
system engineering; and whether system performance can be guaranteed [44].
Since open systems must allow reasonable interoperability, portability, and scal-
ability, open system architecture actually requires management mechanisms as
support; otherwise, it can easily be misunderstood, making component expan-
sion and function enhancement become a bottomless pit of future cost and
manpower additions. In other words, open system architecture is actually a
constraint on the entire system.
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Addressing this negative crisis requires optimizing integrated system framework
design. As system response is an important part of integrated manufacturing
processes, logistics, organization, and information subsystems, combining Qual-
ity Function Deployment (QFD), Value Engineering (VE), and Failure Mode
and Effects Analysis (FMEA) facilitates control of product cost, quality, and
reliability [45]. Even open system architecture requires certain management
mechanisms as support.

In recent years, product lifecycles in knowledge-intensive industries have
changed significantly. Facing this challenge and managing increasingly
complex product development and service management are necessary to
maintain continuous business growth [40]. Open system architecture can
primarily maintain cooperation between virtual enterprises (VE), including
information parallelism, project operating conditions, electronic document
management, product structure and configuration management, access control,
restriction marking, work groups, user analysis, intellectual property and
version management, workflow management, distributed databases, application
integration schemes, and application launch procedures [41]. Facing increasing
embedded intelligent technologies and evolving user dynamic relationships,
research-intensive libraries and information institutions need to provide more
value-added services to parent institutions and partners.
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