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Abstract: The recent fourth industrial revolution and the era of post-COVID-19 have ushered in
a series of technologies including a 5G network and online systems, such as cloud computing
technology. In other industries, extensive studies on cloud platforms utilizing such technologies were
conducted. Although the cloud environment has taken on greater importance in the construction
sector as well, it was used only for servers, failing to fully reflect the characteristics of the cloud
system. In particular, compared to large architectural design firms, it is challenging for small to
medium-sized design firms to establish a virtual cloud computing environment, which requires
high capital investment. Targeting small to medium-sized architectural design firms in Korea, this
study was conducted to introduce the VDI system, one of the cloud computing technologies that
was recently used in other industries, to the BIM environment for initial application, operation, and
management. Specifically, after an analysis was carried out to see if the VDI system utilized in other
industries may resolve the hindrance faced with the BIM environment in the construction industry,
the KBimVdi system was created based on an algorithm for estimating server scales by analyzing
the VDI system suitable for the BIM work environment. This was followed by a validation of the
KBimVdi system based on selected projects carried out by small to medium-sized architectural firms
where BIM was used for design work.

Keywords: BIM; VDI (virtual desktop infrastructure); design organization; cloud computing

1. Introduction

In order to enhance its productivity, the construction industry has undergone the
transformation from a 2D environment to a 3D one, and then from a 3D one to the design
environment using building information modeling (BIM). BIM refers to the process by
which information is exchanged using a system of 3D modeling in multifaceted aspects
from planning, designing, and construction of a building to its operation and maintenance,
and decommissioning. This process involves the concept of a multilateral sharing mech-
anism and a process of collaboration, rather than simple software or singular models,
while focusing on the “task” of involved parties rather than the “object” of architecture. In
order to establish a BIM-based design environment for construction, which puts emphasis
on sharing and collaboration, BIM-related software, high-performance workstations, and
storage servers, etc. are essential. However, despite such an increase in demand for the
BIM-based platform, its high setup and maintenance cost is hampering the wider applica-
tion of BIM [1]. In addition, further technical research studies on establishing platforms in
the BIM design environment for construction conducted in Korea are required.
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In other industries, cloud service was provided by allocating virtual resources to the
environment that requires collaboration and high-performance workstations, which is
similar to the collaborative environment of BIM in construction. Among others, the virtual
desktop infrastructure (VDI) technology, a cloud-based virtual computing technology, is
mainly being used for the group working environment. The gist of VDI technology is to
provide virtual desktop settings with multiple virtual machines (“virtual machine”) to
which resources, including CPU and memory, are allocated based on a hypervisor system
in the physical hardware infrastructure.

The recent fourth industrial revolution and the era of post-COVID-19 have ushered
in a series of technologies including online systems and 5G networks. In other industries,
extensive studies on cloud platforms utilizing such technologies were conducted. Although
the cloud environment has taken on greater importance in the construction sector as well,
it is used mainly for servers, failing to fully reflect the characteristics of a cloud system.
In particular, compared to large architectural design firms, it is challenging to establish a
virtual cloud computing environment for small to medium-sized design firms, as it requires
a high capital investment.

According to a study on ways to facilitate BIM in small to medium-sized design firms
conducted by Kwon et al. [2], although they make up more than 97% of the architectural
design community in Korea, there is an obvious gap in terms of the number of design
contracts awarded to small and medium-sized design firms and to the top 3% of large
architectural firms, those with more than 100 employees, which account for 40% of the
total design contracts. Therefore, it is necessary to study measures to reduce the costs spent
on building the BIM platform for small to medium-sized design firms by identifying the
characteristics of the current design environment and organizational structure of those
design firms. Moreover, the introduction of BIM in the construction industry in recent
years has resulted in many process changes during design and construction phases. As
a communication tool, BIM made seamless exchange of information possible between
designers and contractors in the construction environment, where design errors are min-
imized and associated changes are reduced. However, the incorporation of BIM during
the design and construction phases has also faced some issues due to the diverse nature
of construction environment. As for these cooperation issues, Park et al. [3] elaborated
on the inadequate configuration of a BIM-based cooperation system, while Yoon et al. [4]
pointed out the burden of software and hardware cost associated with incorporating BIM,
just to name a few. In addition, research on establishing the BIM work environment, based
on a VDI which takes into consideration a number of factors, such as desktop resources,
server, storage, and operation management, etc., will further improve the collaborative
BIM environment for small to medium-sized design firms.

2. Theoretical Background and Previous Studies

In this section, existing studies, and relevant case studies in other industries, on BIM
platforms based on the virtualization cloud were analyzed in order to suggest a VDI system
that is applicable to the BIM environment of small to medium-sized design firms. Moreover,
key features and changes resulting from the introduction of a VDI system were analyzed.

2.1. Classification of Cloud Computing Service

Cloud computing service is classified into SaaS, PaaS, and IaaS according to the type
of computing service it offers. Unlike the traditional way of using software by installing
it onto a local computer, Software as a Service (SaaS) refers to a service that is used by
remotely accessing software installed in a cloud computing server via a network. Platform
as a Service (PaaS) refers to a service that provides an environment which enables software
to be developed, including a cloud-based OS, web-based programming, and a database.
While Paa$ is a platform service that assists in creating a service, Infrastructure as a Service
(IaaS), also called as Hardware as a Service (HaaS), is a service that provides both storage
and server for supporting data storage and processing by offering a simple server online.
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Similar to this, Desktop as a Service (DaaS) provides a user with various applications and
services under an environment identical to the existing personal computer environment.
The virtualization technology used here is the VDI, which has several advantages, including
improving data security, making a mobile work environment, and providing identical OS
and software versions for groups working in collaboration, as an integrated control system
into which a notion of central processing is included.

2.2. Previous Studies on BIM-Based Cloud Computing

Cloud computing technology, developed primarily by IT firms such as Google, Mi-
crosoft, Apple, and Oracle, etc., is making its way around different industry sectors in
different forms, such as service-type software (SaaS) that provides applications, a platform
service (PaaS) that enables creation of software including programming and databases, and
infrastructure service (IaaS) like the open API service of Google and Amazon web service.
Wang and Chang [5] developed a tool for benchmarking the function of the VDI system,
while Pedram and Nor [6] performed a study that evaluated the operational performance
of the VDI. In addition, Yoo et al. [7] conducted an economic feasibility study by applying
the VDI system to the hospital setting.

Recently, the construction sector has also seen an increased application of cloud comput-
ing technology in various operations. Debasis et al. [§] conducted a study using an integrated
cloud-based Internet of Things platform for asset management of elevated metro rail projects;
Mehdi et al. [9] developed a mobile application prototype for on-site information manage-
ment; and Yoon [10] studied a cloud computing adoption strategy to improve BIM utilization
at the construction site. Ali and Majid [11] conducted a study on providing the BIM data
for construction sites in real time by utilizing cloud-based RFID technology; and Zhenhan
et al. [12] studied a system that supports urban design by using cloud-based virtual reality
(VR) technology. In addition, Chung and Kang [13] developed a cloud-based bridge moni-
toring application that stores and utilizes data generated from bridge operations. Regarding
BIM cloud service, Yoon and Kim [4] studied the development of a viewer based on the BIM
server for a cloud computing-based BIM service, and Song et al. [14] conducted research on a
mobile BIM-based on-site supervision support tool.

Specifically, on the study of the cloud computing-based BIM service, Yoon and Kim [4]
conducted a survey that asked 32 personnel working in the construction sector in Korea (10
from construction companies, 20 from design and engineering, and two from a professional
architectural firm and other, respectively) if it was appropriate to apply cloud computing
in the BIM environment. According to the survey results, respondents showed their
preference with an average agreement rating of 3.56 out of 5. Particularly, the preference
of those who had used cloud service (11 people) was greater at 3.86, compared to the 3.4
assigned by those who had not, indicating that the more popular the BIM cloud service is,
the more increased its use could be.

However, those studies conducted previously considered cloud environment merely
as data storage or a server and did not consider the use of it as a resource, which is one
of the significant characteristics of the cloud. Moreover, previous studies focused on
providing cases of BIM data usage and failed to present sufficient information on the role
of the cloud as a platform, in terms of how data are processed, in order to utilize BIM
data [15,16]. Recently, studies on managing resources, which take BMI data characteristics
into consideration, are under way, but they are limited to specific construction projects,
therefore, a further break down of resource allocation methods is necessary [17,18].

As such, this study aimed to introduce the BIM-based VDI resource allocation method,
which is subdivided by taking into consideration the BIM environment of small to medium-
sized design firms, and to validate it after establishing the BIM-based VDI system.

2.3. Analysis on the Status of VDI Utilization in Other Industries

Prior to applying the VDI to the construction sector, an analysis was conducted on
how other industries, which have already utilized virtualization technology, are using
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VDI and its main characteristics [7,19,20]. The analysis targeted enterprises that have a
similar BIM collaborative work environment, such as hospitals, research institutes, and
public institutions, etc., where data are being extensively exchanged for work through
collaboration.

Table 1 itemizes 42 key characteristics and changed environmental conditions after
the introduction of the VDI system in a total of 21 enterprises, as shown in Figure 1. The
items were further classified into 10 common criteria according to the intended use. As a
result, when the VDI system was introduced to the cloud-based collaborative environment,
maintenance and repair of the computing system, which greatly affects the life cycle cost,
showed the highest level of utilization, followed by scalability that satisfied the require-
ments of a variable computing environment, mobility of computing, and an improvement
in security through centralized control [21-25]. In other industries emphasizing collabo-
rative work, the VDI system was used for maintenance and repair, scalability, mobility,
and security, which accounted for 66% of the reasons for using the VDI. In other words, it
indicated that other industries have anticipated enhancement in economic feasibility and
convenience by applying the VDI to such sectors.

Table 1. Applications of VDI server.

Company Characteristic

1. CUK Hospital

Building cloud computing environment
Comfortable Care spaces

2. SNUH (Seoul National University Hospital)

Minimized power consumption
Use of health information systems

3. GangNam Severance Hospital

Real-time health information delivery
Improvement of desktop resource data reliability

4. Kindred Healthcare

Saved money by using thin PCs
Managed virtual desktop system, 4000+ virtual machines

PC included built-in disaster recovery solution
Saved time and on operating hardware

6. IRMC

Saved time on additional new PCs
Data breach prevention

7. Samsung Advanced Institute of Technology

Available in mobile environment
Faster speeds (mobile environment)

8. Hyundai Heavy Industries

Comfortable office space
High level of security

9. LG consulting NS

Integrated service storage supply
Provided environment through appropriate resource management

10. SKT

Comfortable space with thin PCs in work environment
Increased speed

11. KWCWS (Korea Workers” Compensation & Welfare Service)

Protected against cyber terrorism and prevented information leakage
Providing smart work

12. Court of Korea

Provided the same work environment in every location
Improved working environment (reduction in dust, heat, and noise generation)

13. Woong-Jin

Enhanced corporate image (eco-friendliness company)
Changed old PC to VDI

14. Allianz

System improvement by maintenance management
Mobile environment

15. MPC Marketing Technology

Network environments for outsourcing services
Smart classroom provision through VDI

16. University of Incheon Fan noise and heat from PC, complicated PC accessories

17. National Health Insurance Service

Green IT-based environment implementation
83% cost savings with zero client installations

18. Korea Institute Curriculum and Evaluation

Reduced operating cost according to test environment
Reflecting the VDI environment

19. Korean Intellectual Property Office

Patent Information Security
Stabilized the examiner PC

20. Multifunctional Administrative City Construction Agency

Sharing data between teachers and students
Effective use on any device

Applied virtualized resources to various user

21. MIRAE Asset tasks and behaviors

Prevention management center for information leakage
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Figure 1. Chart of the analysis of virtual computing usage in other industries.

Accordingly, introducing an optimized VDI system to the construction sector could
relieve the financial burden incurred by setting up the computing server environment
requisite for the BIM design platform system, as well as the cost of system maintenance
and repair. In addition, it means that efficiency can be improved by creating a mobile
environment for design work that can be divided between the construction site and office,
while maintaining the security of important data.

3. Research Scope and Methodology
3.1. Analysis of BIM Process

The BIM-based process focuses on the multilateral working environment, taking on
the form of integrated project delivery (IPD) as a contract method for integrated projects.
Unlike an ordinary work environment, the BIM-based design project has participants
with different backgrounds cooperating with one another in setting up goals. As each
user, during the schematic to detailed design phases, uses different software, the level of
performance required for computing resources varies. In this regard, it is necessary to
consider a different approach from the way the VDI system service has been established
in other industries [26-28]. Figures 2 and 3 show the typical data flow process during
the design phase in a BIM-based project, whereas Table 2 describes the typical businesses
involved with each design phase where BIM is being used [1].

Since a BIM-based construction project is unique and unrepeatable in nature, the process
of integration and disintegration repeats itself. It leads users working under the BIM envi-
ronment to share information and technology for models newly created and unique to each
project. A design firm typically performs a review of the owner’s design requests, conducts a
construction site investigation, performs a mass study and review of legal requirements, and
creates drawings for each design phase. In addition, it shares the created BIM design data (on
structure, facility, and equipment, etc.) with other collaborating organizations and then reuses
the data that are fed back as a reference for modeling and performing other related work. This
nature of the BIM project requires a cloud server capable of storing and sharing various data.
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Here, both the same computing OS and software environment, to ensure compatibility of the
BIM library model files and different computing resources for different work environments,

should be provided in a flexible way.
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Figure 2. Considerations on the use of VDI in a BIM-based project.
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Table 2. Business by design phase using IPD-based BIM.

Process Major Business

Work required to order, such as building scale, surveying, and

Pre-Design design guides

Determine design goals for scale, budget, function, and
quality / present possible solutions
Establish a design concept and create a plan that includes a
review of related fields (electrical, civil, and landscaping, etc.)

Schematic Design

Decide on major designs in all fields
The design development phase requires considerable work
Design is refined for advanced planning and multifaceted to
minimize changes
Material and equipment size determined
3D models are created that reflect key design decisions

Design Development

3.2. Research Scope

Based on their accumulated capital, large design firms have responded to the rap-
idly developing and advancing BIM design environment by equipping themselves with
advanced BIM software, high-performance computer and server infrastructure to sup-port
it, and the capacity to operate a security system. On the other hand, the BIM design
environment of small to medium-sized design offices is inferior to that of large-scale
design offices. Due to their failure to swiftly respond and move to the BIM-based work
environment from the existing 2D design environment, many small to medium-sized
design firms have difficulty in adapting to the BIM design environment. As such, in
the case of Korea in particular, the gap between large-scale design firms and small to
medium-sized design offices, in terms of BIM adoption and maintenance, is gradually
increasing.

The desktop environment of organization members and the means of authoring and
exchanging BIM data are the main operating elements of the BIM process. As summarized
in Table 3, these factors appear as hardware and software-related problems in building
a BIM-based cloud computing design environment. First, the hardware-related problem,
which entails switching from 2D to BIM, requires a high-performance computing system
that can be considered a burdensome initial investment cost. Secondly, software-related
problems include degradation of compatibility and security of BIM data information, and
increased maintenance costs due to required software upgrades, etc., which frequently
occur in the process of collaboration between different organizations. Since the common
problem of these factors relates to the financial burden, a study on building an economical
BIM system with low operation and management cost is imperative.

Table 3. Hindrance factors of BIM process.

Problem Characteristic

Slow performance in BIM-based desktop environments
Hardware Increased initial investment
Increased maintenance costs

Difficulty of interoperability between different software

f . C . ..
Software Securing sensitive information in BIM data

The VDI system can be used effectively in an environment, such as the BIM design
work, where each user has a disparate work environment, leading to fluctuating computing
and server resources, and where a mobile system is required due to multilateral cooperation.
Figure 3 shows color-coded data that measure desktop resources of users in charge of
different BIM tasks, wherein the brightness of the applicable RGB value is represented in
five levels through re-interpretation according to the data size. As the design work using
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BIM progresses, data size increases and the computing resource requirements fluctuate
from the design phase onward. In particular, the design firm that initiates the accumulation
of design model information is the organization that needs computing resources the most
due to the generation of a data-heavy BIM model. Therefore, in targeting small to medium-
sized design firms in Korea, the scope of this study was confined to establishing an efficient
VDI system into computing requirements for BIM users involved from the schematic design
phase to the development of detailed design and construction documents phase.

3.3. Study Methodology

In order to establish a BIM-based VDI environment, firstly, physical hardware should
be built. Specifications of VDI hardware requirements are greatly affected by how they
are assessed, measured, and sized. Therefore, a reasonable and adequate method of
measurement is imperative to properly size the VDI hardware requirements. This hardware
sizing, in general, can be done using three different methods: the calculating method, the
referencing method, and the simulation technique. Their characteristics, advantages, and
disadvantages are summarized in Table 4.

Table 4. Server sizing method.

Division Characteristic Advantage Disadvantage
Checl.qng similar scale by Relatively safe scale could be .
. comparing rough system scale . . . Not a calculation method, but
Referencing Method . estimated as comparison with .
based on basic data dependent L a comparison
. existing
on business volume
A method of calculating Ground of scale estimation . .
. > If the correction value is
numerical scale and applying  could be clearly presented and incorrect. there is a
Calculating Method correction value based on it could be estimated more "

elements for calculating scale
including

simply compared with other
methods

considerable difference from
the desired value

Simulation Technique

Scale is estimated by
modeling work load for the

Relatively accurate value
could be obtained

Time-consuming and costly

target business and
simulating it

Among these three methods for hardware sizing, the calculating method calculates
figures of volume based on factors for sizing, and then applies corrected values, which
gives it an advantage in that it can provide an accurate rationale for sizing. However, a large
difference may occur depending on the correction value applied. The referencing method
generates a similar scale of hardware specifications in comparison with an approximate
scale of the system, based on basic data including workload (the number of users, and
DB sizes). It provides a great deal of reliability by making it possible to calculate sizes in
a relatively safe fashion, because comparison can be made with work systems that were
previously established. On the other hand, as it uses comparison rather than calculation, it
falls short of presenting sufficient grounds for comparison under different environments,
which is a drawback. The simulation technique performs modeling of workload for the
applicable work, simulates it, and then estimates sizes. The positive side of this method is
that it can produce accurate values when compared to both the calculating method and the
referencing method, however, it takes a great deal of time and money to calculate.

In general, not only hardware, but also software and networks should be subject to
sizing, but the study on Integrated Standards for Information System Sizing [29] specified
that only hardware is subject to sizing because the influence of the others is insignificant.
Although hardware is composed of various components, three items in particular, including
CPU, RAM and disk space, are defined as subject to sizing due to their importance in
terms of system price and performance. As such, this study also considered these three
components in sizing the VDI hardware.
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It is difficult to utilize the simulation technique for the BIM project because it requires
considerable time. Therefore, this study established a VDI system optimized for BIM
users by combining both the referencing method and the calculating method. The higher
volatility in the calculation method was corrected by adding the higher reliability of the
referencing method, while the accurate grounds were presented to compensate for the
insufficient grounds of the referencing method by applying factors of the calculating
method.

A BIM project requires flexible, rather than fixed, desktop resources. In general, the
server size for a VDI system is determined by calculating only the total volume of server
resources. Even distribution or a system of random (arbitrary) designation is used as
a method to allocate resources to users. However, a waste of resources can occur if an
ordinary method for allocating VDI resources is used in the BIM environment, where the
spectrum of the desktop performance values is much wider. Due to this, when estimating
the size of a VDI server under the BIM environment, a selection process that considers
the resources for each BIM user should be applied. Therefore, instead of a method that
estimates and distributes the total of the server resources, this study chose a method which,
in reverse order, calculated resources of a virtual machine to be allocated to the users of the
applicable project first, making it possible to identify the total server resources as a result.

In this study, the process to calculate the VDI resources of the BIM user was largely
divided into three phases: the referencing method phase, the calculating method phase,
and the phase of applying the correction factor. Firstly, computing resource values and
correction values for a BIM user were calculated by analyzing the work environment of
BIM users in small to medium-sized design firms. Then, a virtual machine, to which
correction values were applied, was allocated to the BIM design user. Secondly, when the
users used the virtual machine allocated to them based on the referencing method, in-put
and out-put data, including VCPU measured by hypervisor, were collected, and the virtual
machine resources were recalculated based on the calculating method. In comparison,
values whose virtual machine resources were larger compared to the referencing method
were applied to the user. Finally, when user’s request values were larger than allocated
resources, the final virtual machine resource for the user was calculated by adding 11% of
the value. The VDI server sizing algorithm in BIM environment is shown in Figure 4.

3.3.1. Referencing Method

Under the referencing method, the detailed process for selecting a VDI server under the
BIM environment included: researching basic data under the BIM environment, analyzing
the resources of the BIM users, and creating a checklist to apply weights. Firstly, in
order to allocate desktop resources of the BIM users based on the referencing method,
the size of the BIM project and the design phase of the project assigned to the BIM users
at small to medium-sized design firms were identified. Software used by the BIM user
was identified as well, followed by analysis of the key tasks performed on the desktop,
and the software used. Secondly, based on the collected basic data, the BIM projects
were divided into three categories according to their size: large, medium, and small.
Based on the measured desktop resources of the users, different classification values
were set for software and resource requirements for the BIM users working on different
design projects. Lastly, per the Study on the Allowance Rate of Sizing Calculation for
Server Infrastructure Hardware prescribed by the Korea Institute of Information and
Communication Engineering [30], correction values, within the range of 20-30%, were
assessed for each classification established according to work type, software used, design
phase, and project size specified in the first and second phases described above. Finally,
virtual machine resource values were allocated to 216 user classifications, which were
classified based on: three phases of work type (heavy user, standard user, and light user),
the software in use, the design phase, and the project size. The aforementioned steps are
summarized in Figure 5.
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Figure 4. VDI server sizing algorithm in BIM environment.
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Figure 5. Basic data analysis of BIM users for the application of customized resources.
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3.3.2. Calculating Method

Prior to the application of the calculating method, the resource values for VCPU,
memory, and disk were measured using hypervisor. The main resource values for each user
were measured as shown in Figure 6, which were then are recorded in terms of the VDI
resource graph, as shown in Figure 7. In Figure 7, the measured VDI resource values are
expressed by using a green line, while red line indicates the average value. These resource
values varied when users using a virtual machine, allocated based on the referencing
method, made an input and output request. An average value for the measured irregular
desktop resource data was calculated. Then, the difference between the average value and
the maximum value among these measured values was calculated and denoted as “«”.
Here, the « should be either lower than or equal to 30% of the maximum value. In this way,
the virtual machine resource values to be allocated to the BIM users were calculated by
adding the o and the mean value of desktop resource data.

1/0 Requirement of User

Server Management User - 1 User - 2
Work-load In-put/Out-py 1/0 Requirement 1/0 Requirement
Qe sl S ==
[ VCPU . VCPU gdomt VCPU
o =

v Hypervisor

J
Figure 6. User required performance table: in case of heavy BIM S/W.
Performance
100% =
. c
N qnlax
50% = ¢
q
0% Time

Resource Save Zone

Figure 7. VDI resource graph.

If the virtual machine resource value allocated to the BIM users through the referencing
method was greater than the VDI resource value calculated through the calculating method,
the VDI resource value determined by the referencing method was applied; otherwise, the
VDI resource value from the calculating method was applied. Finally, if the virtual machine
resource value to be allocated to the BIM users through both the referencing method and
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the calculating method was smaller than the performance value required by the users, a
resource value, corrected by adding 10% of the correction factor, was allocated to the user.

qi=21P1+1 Pp+21 P3+...
k
= L 2; D
j=1
— 1 n
g=5 L4
i=0
C=7q+ax = qmax + (Gmax — 1)
& < Gax X 30%
But, C < gmax = C = gmax X 1.1

% {0, 1-1. Correction coefficient for application complexity applied, Na Jong-hwae (2007) [28].
Table 5 shows the resource allocation design based on BIM desktop. The calculation
steps to obtain final resource values can be summarized in three steps:

Step 1: Add the “o = the maximum value of the measured resource values minus the
average value” to the “average value of the resource values measured through Server
Management” to obtain the resource value;

Step 2: Apply only 30% of the o value in the case where the « value exceeds 30% of the
maximum measured resource value;

Step 3: If the resource value required by the user derived in Step 2 is insufficient, then
increase the application complexity correction factor by 10%.

Table 5. Resource allocation design based on BIM desktop.

Variable Name Explain Variable Name Explain
i Request Time q Server request Value
j Request Desktop No. Average Duration
Desktop Performance C Average Data

Performance Ratio of

e Desktop o Premium Resource

Based on the algorithm generated by both the referencing method and the calculating
method, a cloud service platform was developed using OpenStack, and the platform was
named KBimVdi. It allowed a user given an ID/PW to gain access to the VDI system
irrespective of the type of a device he/she was using under any environment with Internet
access. ID/PW could be set and obtained by logging in to the BIM Management under
Flavors while in administrator mode (Table 6). When the BIM user selected four categories
(Software, Work Type, Project, and Phase of Design), the user’s virtual machine specification
was automatically set based on the sizing algorithm of the BIM-based VDI server. In
addition, it had an advantage with its easy management because virtual machine resources
were allocated by applying optimized correction values under the BIM environment.
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Table 6. Screen capture of key components of the KBimVDI system.

B KBim\Vdi

Flavor
Log in - -

Domain

default

A8 Xt 01 B

KBimVdi Login BIM Management

Create BIM Type Create BIM Type

Selection of Software Type Selection of Design Phase

Create BIM Type

Selection of Project Size Selection of Type of Work

4. Case Study

The KBimVdi System, developed based on the algorithm optimized for the BIM envi-
ronment, was applied and tested to a small-sized design firm in Korea, where BIM projects
were being undertaken. The selected firm was considered small in size, with less than 10
employees in the design department, and used BIM tools including Revit, ArchiCad, Midas,
and Tekla. Validation tests were conducted on four projects undertaken by this firm with
four BIM users each in charge of the projects used for validation. The selected projects were
also small to medium in size making them suitable for the scope of this study. Specifically,
the structure of selected projects fell within the size requirements of two underground
floors and four above ground floors, which is small in size compared to projects typically
undertaken by larger architectural design firms. These four projects selected for validation
consisted of: a residential new construction building, a dormitory extension, remodeling,
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and an employee dormitory extension project. The building specifications are provided in
Tables 7-10.

Table 7. Overview of the first project to be tested.

Residential New Construction in Dongtan, Hwaseong

Location: Housing site for migrants in
Dongtan 2 New Town, Dongtan-myeon,
Hwaseong-si, 403BL 604
Main purpose: neighborhood living
facility /single house (multi-family housing-3
households)

Site area: 239.00 m?

Total Area: 411.47 m?
Structure: reinforced concrete structure
Number of floors: 1 basement
level /3 ground levels

SITE

Table 8. Overview of the second project to be tested.

Dormitory Extension of KEPCO Electrical Substation in Metro Area

Location: 667, Jamsil Land Readjustment
District, Gangdong-gu, Seoul
Main use: Substation employee dormitory
Site area: 928.26 m?

Total Area: 9879.47 m?
Structure: reinforced concrete structure
Number of floors: 2 basement
levels/4 ground levels

Table 9. Overview of the third project to be tested.

Remodeling of Sinwol Wellbeing Center

Location: 407, Nambusunhwan-ro,
Yangcheon-gu, Seoul (131-4 Sinwol-dong and
1 lot)

Main use: neighborhood living facility /single
house (multi-family housing-3 households)
Total Area: 1636.54 m?

Structure: reinforced concrete structure
Number of floors: 1 basement
levels/4 ground levels

Table 10. Overview of the fourth project to be tested.

KEPCO Financial Substation Employee Dormitory Extension Work

Location: Ibang-ri, Daehap-myeon,
Changnyeong-gun, Gyeongnam
Main use: factory facility
Site area: 495,290 m?

Total Area: 114,064.54 m?
Structure: reinforced concrete structure
Number of floors: 2 basement levels/4
ground levels
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After the validation projects were selected, a detailed analysis of the personal com-
puter environments of the four BIM users was conducted. Then, both their predecessor’s
desktop (PC) performance and KBimVdi virtual machine’s performance were evaluated
after establishing VDI resource values via KBimVdi. A considerable difference on spec-
ification of PCs was found between the high-performance PC assigned to one BIM user,
which had an Intel® Core (TM) i7-4710MQ @2.50 GH CPU, NVIDIA GeForce GTX 750
graphic card, and 16 GB RAM, and a lower-end PC, which had the E7400 CPU, Radeon
4800 Series graphic card, and 4 GB RAM, used by another BIM user. The virtual machine’s
environment of the VDI, calculated to be compared with PCs of the BIM users, was as
follows: CPU, GRID K1 4, 16 GB (4 GB/GPU); 16 GB RAM; and 4 GB RAM leading to lower
specifications of the VDI environment compared to the existing desktop environment of
the users. Tables 11-14 summarize the specifications of existing PCs occupied and used by
the four BIM users and the matching virtual machines recommended.

Table 11. Condition 1 of test simulation.

User Server—1

Virtual Machine—1

CPU i7-4710MQ 2.50 GHz Intel® Xeon with 4 core per socket
NVIDIA K1 16 GB GDDR5
GPU NVIDIA GeForce GTX 750 (4 GB/GPU)
Memory 16 GB 16 GB
0s Windows® 8.1 Pro 64 bit Windows® 7 64 bit

Table 12. Condition 2 of test simulation.

User Server—2

Virtual Machine—2

Intel® Xeon Processor 2 sockets with

CPU Intel® Core i5-2500 CPU @3.30 GHz
4 core
. GRID vGPU
GPU ATI Radeon HD 4800 Series (2 per GPU)
Memory 8 GB 8 GB
OS Windows® 7 64 bit Microsoft® Windows® 7 64 bit

Table 13. Condition 3 of test simulation.

User Server—3

Virtual Machine—3

Intel® Xeon Processor 2 sockets with

CPU Intel® Core2 Duo CPU E7400 4 core
GPU ATI Radeon HD 4800 Series NVIDIA GRID K1 4 GB
Memory 4GB 4GB
0s Windows® 8.1 Pro 64 bit Windows® 7 64 bit

Table 14. Condition 4 of test simulation.

User Server—4

Virtual Machine—4

CPU

Intel® Core i5-2500 CPU @3.30 GHz

Intel® 2 sockets with 4 core per socket

GPU

ATI Radeon HD 4800 Series

GRID K160 Q vGPU (2 per GPU)

Memory

4GB

4GB

oS

Windows® 7 SP1 64 bit

Windows® 7 SP1 64 bit
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Table 15 summarizes the full specification of the VDI workstation that supports all
four virtual machines recommended.

Table 15. The entire specification of VDI workstation.

SW5047A-TB-SQ Virtual System

Xeon® processor 1600v2 Support Intel® Core i7 Extreme
Up to 256 GB or 64 GB; up to 1600 MHz—8x 240-pin DDR3 DIMM sockets
2 SATAS3 (6 Gbps) and 4 SATA2 (3 Gbps)
SAS/SATA Hard Drive Backplane w/AMI MG9072
2x 5.25” Peripheral Drive Bay, 1x 5.25” Bay For optional 3.5” Drive
2.5” HDD Guide 2 ea
Slim ODD
Intel® Xeon Processor E5-2620v2 (2.6 G/15 M/10 C)
8 GB PC3-12800R (DDR3-1600) Registered Memory
Solid State Disk 128 GB
SATA 7200 rpm 2 T
Citrix XenDesktop Enterprise Edition
- x1 User or Device License with Subscription Advantage
NVIDIA GRID K1
Driver Support GRID

For four users each working on one of the four validation projects, their access time,
loading time, control speed, and rendering time were measured and compared based on
using their existing PC environment versus the virtual machine environment set under the
same test conditions. Each measured running time was recorded as shown in Tables 16
and 17.

Table 16. Processing time standard personal computer and virtual machine (for Revit)—Project 1, 2.

Project Test Item User Server—1 Virtual Machine—1

Connection Image

PJ-1
Access Time 00:00:19.10 00:00:16.16
Loading Time 00:01:45.64 00:02:01.03
Control Speed 00:00:03.56 00:00:03.42
Rendering Time 00:02:12.58 00:02:10.33
Project Test Item User Server—2 Virtual Machine—2
Connection Image
PJ-2
Access Time 00:00:45.48 00:00:51.39
Loading Time 00:03:15.31 00:03:21.05
Control Speed 00:00:06.42 00:00:06.41

Rendering Time 00:03:32.12 00:03:41.57
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Table 17. Processing time standard personal computer and virtual machine (for Revit)—Project 3, 4.

Project Test Item User Server—3 Virtual Machine—3

Connection Image

PJ-3
Access Time 00:00:24.72 00:00:18.72
Loading Time 00:02:46.30 00:02:54.48
Control Speed 00:00:04.37 00:00:04.48
Rendering Time 00:02:23.30 00:02:18.30
Project Test Item User Server—4 Virtual Machine—4
Connection Image
PJ-4
Access Time 00:00:35.45 00:00:31.14
Loading Time 00:02:51.16 00:02:53.31
Control Speed 00:00:07.45 00:00:08.65
Rendering Time 00:03:14.15 00:03:19.41

The results of a comparative analysis on VDI resource values and users’ existing PC
values, measured and compiled from four users each working on one of the four test
projects, are shown in Figures 8 and 9. The three-month test on the VDI server was carried
out under conditions identical to the existing work environment. During the test, the
amount of resources used by the KBimVdi were measured and recorded.

Tn 2015
Project I I I Nov I Deo
12 1 21 I 3 1 7 I 12 I 21 I ) 1 Z I i 1 2l I 3l

Reduced by 26% (CPU Resource)

Project - 1 = 40%

Emending Work (G0 o g Hacod o ork(CA0 Worowor
Project -

g

Predesig Bre e Srodesin Prodesign

AT Wodel ing T Wodeing
Project -

Project -

g

Reduced by 29.7% (CPU Resource) |

o

Project - 1 i R e - 2 40%)

Project -

g

= AV Wodel ing AV Wode ing FVT Wode! 1ng AV Wode ! ing AT Wode  ing A1 Vodel ng AT Wogel ing AVT Wocel ing AV WodeTing AV Wodelina AV Wodeling
roject - —

8
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Figure 8. Comparative analysis of the VDI resource value calculated and users’ PC value measured—T1.
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Figure 9. Comparative analysis of the VDI resource value calculated and personnel’s PC value measured—2.

Measurements of both the KBimVdi and the users’ existing desktop showed that all the
users under the two environments had differences in resources (high and low). However,
under the KBimVdi server environment, the difference between the high-performance and
lower-performance server was found to be smaller compared to the users’ existing desktop
environment. This indicates that the VDI system had provided neither too much nor too
little support for computing resources and was operated and maintained in a stable way.

The test on performance of the BIM design environment showed that both the desktop
and the KBimVdi server were capable of running smoothly, and it was found that both
servers had used the BIM tool effectively. A test to compare and analyze both the VDI server
and the existing desktop was conducted by measuring how much the flexible VDI resource
was used with the fixed desktop’s performance set at 100%. Among the components of
hardware, a test performed on the CPU, which is a key hardware component, showed that
BIM User 1 could save resources by 26% compared to the existing desktop, whereas the
resource saving could be 29.7% for User 2 (refer to Figure 8). Similarly, User 3 and User 4
could save resources by 16% and 20%, respectively (refer to Figure 9) making the average
for savings 22.9%. For User 1 and 2, who had high-performance PCs, the saving effect
stood out specifically during the early phase of design at about 35%, which was the highest.
These results demonstrate that if a VDI control system, optimized for the BIM environment,
was to be introduced, resources could be managed and saved in a stable way by providing
a heavy user with resources from a light user or a user with sufficient resources that may
otherwise be wasted.

5. Conclusions

As the application of BIM has become mandate, Korea has seen an increase in BIM
projects and an extensive introduction of BIM technology. However, small to medium-sized
architectural design firms have faced numerous challenges due to issues, such as lack of
related regulatory requirements, costs for establishing the infrastructure, and non-standard
implementation processes, etc. Among others, the financial burden imposed by establishing
the work environment for BIM has become the most serious issue. This has resulted in
stagnated application of the BIM system among small to medium-sized design firms in Korea.

To cope with this issue by targeting small to medium-sized design firms in Korea, this
study was conducted to introduce the VDI system, a cloud computing technology that was
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recently used in other industries, to the BIM environment for initial application, operation,
and management. The study underwent several processes including an analysis on the BIM
process at small to medium-sized design firms and their work environment, and identified
problems therewith. Then, after an analysis was carried out to see if the utilization of the
VDI system in other industries may resolve the hindrance faced with the BIM environment,
the KBimVdi system was created based on an algorithm for estimating server sizes, which
analyzed the VDI system suitable for the BIM work environment. This was followed by a
validation of the KBimVdi system based on selected small to medium-size design projects
where BIM work was performed.

From this study, it is clear that a variety of users are involved and can benefit from
a VDI based BIM project. In addition, distributing resources efficiently and designing a
virtual model in advance can further enhance work processing capability. The benefits of
these results can be divided into four categories:

1. It was verified that when the VDI system was introduced to the small to medium-
sized design firms with the BIM-based work environment, stable resource control of
the virtual machine and effective resource utilization were feasible;

2. By adding the VDI system, the BIM server could be further expanded, which en-
hances responsiveness and enables flexible server allocation within the existing BIM
computing environment;

3. It was also found that by establishing a VDI system that is suitable for the BIM work
environment, the initial capital investment and life cycle cost can be saved when small
to medium-sized firms consider transforming to the BIM computing infrastructure
from the outdated existing desktop performance;

4. Regardless of the work location, the VDI system enables and provides an equal comput-
ing OS environment (i.e., the same version of the BIM tools) to the users as long as the
internet connection is good and only low-specification desktops are being used.

This study further validated that flexible resources of the VDI system could be advan-
tageous under the BIM work environment. As for future studies, it is necessary to analyze
the correlation between KBimVdi and the network environment to further validate the
benefits of a VDI system.
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