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Abstract - Aim of this paper is to describe a new architecture 

of BISIS system. New architecture is cloud-based and 

system is deployed on our private cloud solution 

implemented on dedicated servers. Also, we will give 

explanation why some decisions are made and what we had 

to sacrifice in order to move to cloud-based solution. 

I. INTRODUCTION 

Cloud platform usually means group of computers 
working together to provide various services to end users. 
Idea of cloud computing is to share resources and services 
over the internet rather than having these resources on 
local servers or personal devices. Software components 
deployed on cloud platform are fully decoupled from the 
underlying hardware and several different components can 
share the same infrastructure. Cloud platform is 
horizontally scalable, allowing performance improvement 
by adding new nodes. In addition, replication of data and 
services between nodes improves read performance and 
guards against hardware failures. All those benefits 
enforce many organizations to adopt cloud computing and 
libraries are not an exception. 

The BISIS library management system is used in public 
libraries, faculty libraries and some specific-purpose 
libraries. The primary modules of the BISIS system 
comprise cataloguing, bibliography reports, circulation, 
OPAC, bibliographic data interchange and administration 
[1][2][3][4]. Currently, the BISIS community comprises 
over 40 medium-sized libraries in Serbia [5]. BISIS LMS 
has traditional client/server architecture. Server side of the 
system is installed on a dedicated machine located in the 
premises of library. Every library is in charge of hosting 
and maintaining its own instance of system. 
Unfortunately, due to the low budget, libraries lack IT 
staff and adequate storage facilities. Also, IT 
infrastructure is often poor and servers are rarely 
upgraded. All those constraints hinder maintenance of the 
system. Adoption of cloud technologies in the BISIS 
system helped in diminishing those obstacles. 

II. RELATED WORK 

There is growing trend among library software vendors 
to expose their products as a services available online. 
Many well-known companies, like Ex Libris [6], OCLC 
[7], LibLime [8] and SirsiDynix [9], moved their solution 
to the cloud. For instance, Ex Libris provides its products 
through the private cloud implementation. Some of those 
products are widely used library management tools like 
Alma, Aleph and Voyager. On the other hand, LibLime 
use public cloud services. Their product Bibliovation is 
hosted on dedicated space within the highly secure 
Amazon EC2 cloud. 

Application of cloud solution in libraries can be 
demanding task. There are a lot of issues that libraries 
should consider before migrating to cloud. Authors of the 

paper [10] analyzed challenges related to implementation 
and maintenance of library services in the cloud. They 
identified seven key areas regarding those challenges that 
should be considered during implementation of cloud in 
libraries. 

In addition, case studies of implementing cloud solution 
in libraries were subject of many journal papers. Authors 
of paper [11] described experience of Norwegian library 
which moved from traditional library management system 
to Ex Libris cloud-based solution. They explained that 
total cost of ownership, system’s functionality, 
extendability and security of supply were the most 
important features considered during procurement of 
cloud-based library system. One of the challenges which 
they noticed, relates to integration of third-party 
applications with cloud-based system. It takes time to test 
whether external application works properly with every 
new release of cloud-based library system. Authors of 
paper [12] also talked about challenges during migration 
to a new cloud-based system and they stressed that one 
big challenge was incorporating the pre-existing and the 
new.  It means that librarians need to learn how to apply 
new system functions and to do lot of post-migration work 
which can include extensive data cleanup, but at the same 
time, the library’s pre- existing services must continue to 
work with accuracy and timeliness. 

Aim of this paper is to describe a new architecture of 
BISIS system. New architecture is cloud-based and 
system is deployed on private cloud solution implemented 
on dedicated servers. Also, we will give explanation why 
some decision are made and what we had to sacrifice in 
order to move to cloud-based solution. 

III. METHODOLOGY 

There are three main models for cloud computing: IaaS 
(Infrastructure as a Service), PaaS (Platforms as a Service) 
and SaaS (Software as a Service). IaaS model implies that 
providers of service are in charge of hardware resources 
while users are responsible for managing all software 
running inside of a virtual machine. Unlike the IaaS 
model, in the PaaS model, users are only responsible for 
managing their own applications, while service providers 
are responsible for managing all other services required by 
applications. SaaS model means that service provider 
delivers fully functional software solution on subscription 
basis and users are provided only with interface to end-
user applications. 

Taking into consideration all the problems encountered 
by libraries, SaaS model has been chosen to be a base for 
a new architecture of BISIS system. Migrating BISIS 
system to this architecture, libraries are no longer in 
charge of hardware and software maintenance. Selection 
of IaaS or PaaS model would put burden of maintenance 
on library. This means that libraries would need to have 
skilled IT staff, but that was precisely the one of the 
reasons for moving to the cloud. 
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IV. SOFTWARE ARCHITECTURE 

For the purpose of implementing BISIS system as a 
cloud solution two dedicated server machines are 
obtained. Each machine has 128GB RAM memory, 6-core 
processor and four 600GB SAS hard disk. Machines have 
10Gb connection. Software components of BISIS system 
are distributed over four virtual machines. Two of those 
machines are data machines dedicated to data and BISIS 
server-side applications. Third machine is auxiliary 
machine containing only software components needed for 
creation of cluster environment. The existence of this 
machine is determined by selected technologies used in 
development. Overall performance of BISIS system is 
improved by adding F5[13] load balancer device in front 
of those two data machines. This system architecture is 
presented in figure 1. 

In previous version of the BISIS system, every library 
had its own dedicated server with storage and instance of 
the system and that architecture was demanding for 
maintenance and upgrade. In order to overcome this issue, 
we decided to have one data storage and single instance of 
BISIS system for all libraries. This has affected the 
changes of server side of the system. A new software 
architecture of the BISIS system is presented in figure 2. 

One of the main changes regarding previous version of 
BISIS system relates to replacement of relational database 
with NoSQL database. We looked at several NoSQL 
options but went with MongoDB [14] because it is 
considered highly scalable, cloud-ready, have a larger 
community around them, better tools than the others and 
have libraries that make database programming far easier 
than it used to be.  

Due to complex search functionalities, all data 
regarding bibliographic records are indexed using search 
engine. In the previous version of BISIS system we used 
Lucene search engine, but for the case of migrating to 
cloud we chose Elasticsearch search engine. Elasticsearch 
is a distributed, RESTful search and analytics engine 
capable of working in cluster environment. 

Main reason for choosing those two technologies lies is 
the fact that they both supports horizontal scaling through 
sharding and replication out of the box. In current 
deployment, due to large capacity of storage we don’t 
need sharding. We use only replication to prevent system 
failures by mirroring data on different nodes.  

Component containing business logic is implemented 
using Spring Boot framework. Implemented 
functionalities are exposed as REST services consumed by 
BISIS client application. This component is mirrored on 
both BISIS nodes and Load Balancer component decides 
which one of them will handle user requests. 

As author of the paper [12] stated, migration to the new 
system requires adaptation to new GUI and 
functionalities. To simplify transition to the new system, 
and taking into account BISIS users satisfaction with an 
existing client application, user interface of the client 
application remained unchanged. 

V. DOCUMENT-ORIENTED DATA STRUCTURE 

Cloud based version of BISIS system assumes that all 
libraries use the same instance of the system. Considering 
this, logical decision is to store data in the same database 
server capable of scaling horizontally due to the large 

amount of data. Taking into consideration this 
requirement, selection of NoSQL solution that supports 
scaling out of the box instead of relational database was 
obvious choice. As already mentioned, MongoDB 
database solution is chosen. 

MongoDB organizes data into collections of JSON 
documents. The main idea behind MongoDB is to map 
each instance of data model to single document allowing 
data redundancy among different documents. Also, it is 
possible to organize data in several collections, but 
database doesn’t support references among them. 

Those features of MongoDB are not completely 
suitable for all data structures in previous version of BISIS 
system. Bibliographic records already had document-
oriented structure and migration of those data to 
MongoDB was not demanding task. Circulation data, as 
well as holdings data regarding items were stored in a 
relational database and migration of those data was more 
challenging task. 

The most obvious solution was to store all member’s 
data with their chargings in one document. But, because of 
complex queries used in data search it was simpler to split 
data into two collections, collection with member’s data 
and collection with chargings data. Also, information 
about item availability is common for chargings and 
holdings and should be easily accessible so that 
information is stored in separate collection. In this way we 
have data redundancy among collections and we can 
easily get inconsistent data. We decided to deal with this 
problem on application level. 

VI. MIGRATION LIBRARIES TO CLOUD ARCHITECTURE 

Cloud based BISIS solution is fully functional. During 
2018, three libraries using previous version of BISIS 
system moved to this cloud solution. Migration of Novi 
Sad and Šabac city libraries was relatively straightforward 
task. They already had centralized database containing all 
data from their branch libraries and migration didn’t 
require additional data merging. In that case only 
transformations of data from relational database to 
MongoDB were performed. 

Situation with migration of Belgrade city library was 
slightly complicated due to its hierarchical organization. 
Belgrade city library has one central library. That library 
coordinates municipality libraries which further manage 
theirs branch libraries. Before migration, all those libraries 
had their own servers with BISIS system and they 
managed their data independently. One of their 
requirements during migration was to create centralized 
database with data from all Belgrade city libraries. This 
task demanded finding identical bibliographic records and 
joining it into one record. Similar situation was with data 
about members. One person is allowed to be member in 
more than one library. Due to this possibility, we coped 
with additional redundancy during the migration and 
merging data about members. As a result of this 
migration, all Belgrade city libraries now use the same 
database which enables better data management among 
libraries and that was the main benefit of migration to 
cloud solution. 

The idea to have single application for all libraries 
brought additional challenge. It was required to have 
unique values for data regarding codebooks, such as 
member type, member category, language, etc. Creation of 
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unique codebooks which will be used by all libraries was 
performed during final data migration. In this process, 

librarians who have domain knowledge and who can 
decide what needs to be unified had crucial role.

 

Figure 1. System architecture 

 

 
Figure 2.  BISIS software architecture 

 

VII. CONCLUSION 

Process of migration of traditional LMS BISIS to cloud 
solution is described in this paper. The new cloud solution 
is fully functional and currently used by three city 
libraries. Software architecture of cloud solution as well as 
challenges appeared during migration are also described in 
the paper. From the perspective of end users, there was no 
major shifts in their business. The main challenge was 
related to design of appropriate document-based model 
which would be suitable substitute for relational model 
used in previous version of BISIS. 

Providing software as a SaaS cloud solution could be 
useful for libraries which lack IT stuff and appropriate 
ICT infrastructure. Considering this, our target over the 

next period is to migrate other libraries from BISIS 
network to cloud. Also, this cloud solution can be suitable 
for small libraries in primary and high schools which are 
struggling with similar problems.  

In addition, presented architecture enables development 
of new services which could improve library business and 
extend BISIS community. For example, lightweight web  
based user friendly interface in combination with cloud 
based storage would be more suitable for smaller libraries 
and could encourage them to join BISIS network. 
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