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ABSTRACT

A Regional Hospital in East Java has implemented a Hospital Management
Information System, namely SIMRS, in their data management system but has
experienced problems in the form of slow system response when accessed by
many users, was experienced in the last years when the system had been running
for four years since 2016. The system’s slow response causes hospital services to
be disrupted and also the quality of service to decline. So, an analysis to the
existing database system is carried out, which includes an analysis of the
system's database performance. Since many SIMRS use database servers on their
data processing, then their applications will be based on executing queries and
stored procedures (most of the queries are stored in stored procedures). So that,
analysis of those queries will be carried out. The optimization process will
include analyzing and mapping the database’s queries, profiling, and analyzing

the Actual Execution Plan. By doing so, it is known which parts of the query are
causing a decrease in performance and time system response. Based on the
analysis results, recommendations are given for improving and rewriting several
stored procedures and query statements, and the system response time is getting
better.

This is an open access article under the CC-BY-SA license.

1. Introduction

The Hospital Management Information System (Sistem Informasi Manajemen Rumah Sakit
/SIMRS) is an arrangement that deals with data collection, data management, information presentation,
analysis and conclusion of information, and delivery of information needed by stakeholders regarding
hospital activities [1]. In general, SIMRS includes clinical information systems, administrative
information systems, and management information systems. SIMRS is an integrated information
system prepared to handle the entire hospital management process, from services, diagnosis, and
action for patients, medical records, pharmacies, pharmacy warehouses, billing, personnel database,
employee payroll, accounting processes to control by management [2][3].

The Hospital Management Information System can be utilized by all general hospitals, both
managed by government and privately as regulated in the Law of the Republic of Indonesia Number
44 of 2009 concerning Hospitals, and also in Regulation of the Minister of Health No. 82 of 2013
concerning Hospital Management Information Systems [4][5][6]. In the latest, article 1 paragraph 6
states that the function of SIMRS is to increase efficiency, effectiveness, professionalism,
performance, and access to hospital services.

Information systems play an important role in the production, sharing, storage and transmission of
information in various fields, especially in Hospital Management Information Systems [7]-[11]. A
good SIMRS system, information, and service quality satisfy its users [12]-[17]. The system quality
included a system that can function properly and respond quickly to its users [18][19]. The fast
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response will depend on the amount of data stored in the database and commands for processing and
retrieving data [19]. As time goes by, where there is additional data on SIMRS, it will affect the system
response time. SIMRS, which have and store large amounts of data, have the potential for slower
response times as more data is stored. The implementation of a good design and database system will
affect the system's performance [20]. Asyary [21] also conducted research that aims to determine the
use of SIMRS from the user's point of view with the Technology Acceptance Model (TAM)
measurement method in a case study at a maternity hospital in Lampung, Indonesia. These studies
provide an overview of the use of information system features and user workflows in the currently
implemented information systems considered not optimal.

Many papers showed research about database optimizations and said that database optimization is
an important process that should be done when building information systems [22]-[25]. Zhang [25]
said that Optimizing database systems plays a vital role even though it is a very complex task. Satoto
[22] discusses how to optimize the database system so that when the data is accessed does not affect
the performance of server systems. Process optimization is done on the design of the database system.
He said that database design plays a vital role in determining system performance. Wankhade [23] in
his paper discusses about the importance, objectives and different approaches to query optimization.
He tried to summarize some of the helpful query optimization techniques focused on common query
constructs. Dorottya et.al [26] discusses the aspects of optimization performance related to data access
in a database containing soy and corn-based products to ensure a quick search in the database. The
result was database optimization techniques had been derived to address the issues that may limit the
performance of a database to an extent of vulnerability.

One of the Regional Hospital (RSUD in the Indonesian Language) in East Java has also used
SIMRS to manage his hospital and experienced a similar problem: slow response time to SIMRS
users. SIMRS slow response causes hospital services to decline. For this reason, an analysis of the
existing SIMRS is carried out to find out the problems so that the system can be optimized and system
response time can be increased.

2. Research Method

The research methodology carried out in this research is following the concept which depicted in
Fig. 1. The activity begins with a background description, objectives determination and purposes of
the research. After that, data collection is carried out, and followed by analyzing data that has been
collected. Based on the analysis, the recommendation is proposed to make system improvements and
better system response time.

2.1. Method of collecting data

Data collection activities is carried out by collecting data through primary data surveys and
secondary data observation. Primary data collection was carried out by making direct observations at
the RSUD, by looking at the location of the server and client using SIMRS, and observing the process
of using SIMRS by users. Secondary data collection is carried out through literature or literature
studies and related information to systems analysis activities. At this stage, data collection is carried
out through manual book, application guides, and reports on SIMRS.

2.2. System Analysis

The system analysis stage is carried out by analyzing the existing system, by collecting data on a
running system, including system functions, system input-output, processes, databases used [27]. An
analysis also includes a performance tuning process that consists of identifying performance
bottlenecks, prioritizing the issues, troubleshooting their causes, applying different resolutions,
guantifying performance improvements, and then repeating the whole process again and again [28].
In addition, data collection is also carried out on several hardware devices such as a set of computers,
network equipment used, and analysis of the software used in SIMRS.
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Fig. 1.Research Methodology used in this research

2.3. Optimization and System Improvement

From the results of the analysis, recommendations and system improvement are carried out into
computer code. Improvement is carried out by optimizing the database design, including improving
the relations between tables in the database and improving query and stored procedure codes.

2.4. System Testing

System testing is carried out to ensure that the system is running according to the results of the
analysis and optimization. At this stage, functional testing and performance measurement of each
process is carried out to ensure that all functions are running, all input entered has been validated and
the output displayed has met the needs.

3. General Description of RSUD X SIMRS

SIMRS on one of RSUD in East Java was implemented for the first time in January 2016. The
SIMRS is an application specially designed using the ERP (Enterprise Resource Planning) concept
by integrating all units/sections/installations in the hospital, both medical and non-medical services.
This application consists of 36 modules and was developed with the Visual Basic Programming
Language and used a database implemented using the Microsoft SQL Server DBMS. The database
developed consists of several objects, including 1210 tables, 1106 stored procedures, 2936 views and
212 functions.

Based on the initial analysis carried out on the SIMRS, it is known that two SIMRS application
modules resulted in poor performance and slow response time. Both modules are included in the main
module of SIMRS. These modules are the Pharmacy Logistics Module and the Medical Records
Module. These two modules give a large load to the system so that when the two modules are run, the
system'’s performance will decline significantly.
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4. System Testing and Analysis

For system testing and verification, analysis will be carried out on two SIMRS modules already
mentioned. Process mapping, profiling techniques, and execution plan analysis will be carried out on
the query procedures and functions contained in the modules.

4.1. Pharmacy Logistics Module Analysis

This pharmacy logistics module is a SIMRS module which functions is to process data in
pharmacies and drug storage. This module's mostly process is checking (data loading), updating, and
saving data for prescriptions and medicines.

The initial step of the module analysis is to map the processes that occur in the module. One of the
results of the process mapping can be seen in Fig. 2. It is present the process in the service of medicine
prescription, whereas the process involves several queries and stored procedures. After mapping the
process, they are then followed by analyzing the process and measuring processing time of the query
using the Profiler. And then continuing the analysis using the Actual Execution Plan. The process of
guery monitoring is done using MS SQL Profiler, which is carried out in the frmUseObatAlkes Object.
This object accessed the drug storage database and triggered several queries and stored procedure.
The monitoring results can be seen in Fig. 3, and it is found that the execution of
(SP)Add_PemakaiObatAlkesResepNew (stored procedure that checking medicine stocks) and also
(SP) Add_Generate_ResepObat (stored procedure that updates medicine stocks) are the processes that
consume the largest resources.

The next step is analyzing Actual Execution Plan. The analysis targeted (SP)
Add_PemakaiObatAlkesResepNew and (SP)Add_GenerateRe sepObat. The analysis results of the
Actual Execution Plan show that there are queries with the high cost. The first one had cost of 100%,
i.e (SP)Add_GenerateResepObat, and the second one had a query load of 90% on
(SP)Add_PemakaiObatAlkesResepNew.

The result of the analysis shows that previously problems described are caused by computation
time and cost that is carried out in saving and loading data. If this process can be refined and optimized,
then the problems can be resolved. Process refining and optimization will reduce computation time
and cost and improve the response time of the system. The process of improvement and
recommendations for this module are summarized and explained in the recommendation section
below.

Function
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Fig. 2.Results of Pharmacy Logistics Module Process Mapping
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Fig. 3.Profiler results for the Pharmacy Logistics Module

4.2. Medical Records Module Analysis

Similar to the process carried out in the Pharmacy Logistics module, it is also carried out to the
Medical Record module. This medical record module will record (update and save) the patient's
medical history and treatment data through related queries and stored procedures. The results of
mapping process on tables, stored procedures and functions of the module are shown in Fig. 4, while
the results of the profiling process can be seen in Fig. 5.

It is shown in Fig. 5 that the execution process of (SP)Add_BiayaPela yananOtomatisNew (stored
procedure that calculate medical treatment cost), Add_RegistrasiPasienMRS (stored procedure that
add/update patient’s record data) and Add PasienMasukKamar (query that add/update data for
impatient data) are processes that consumes the most resources. Based on analyzing Actual Execution
Plan in the Medical Record module, it is shown that query with the highest cost is on the 6th, 7th and
8th queries with a query load of 16%, 27% and 58% respectively on
(SP)Add_BiayaPelayanan_Automatic_New.
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Fig. 4.Result of Mapping Process on Medical Record module
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Fig. 5.Profiling results of the Medical Record module

4.3. Discussion and Recommendations on Applications and Databases

Based on the analysis of the Pharmacy Logistics and Medical Records module, a comprehensive
and global recommendation can be obtained, which can also be implemented for all modules on
SIMRS of the RSUD to improve existing information systems' performance and response time.

For optimization of unnecessary queries, the query algorithm tracing is carried out in the analysis
phase to find out what steps are carried out in the stored procedure. In this phase, several queries were
found that hindered the data exchange process, for example:

e A SELECT table process is inserted into the variables, but the variables used are not processed
in any process. This results in wasted CPU and memory usage. The recommendation given is
to delete this SELECT query.

e There is an update query where the condition of the selection process does not return a value,
S0 no rows are updated, but this query resulted in a long process. The recommendation is to add
the If-Else conditional command to the query, which will not be updated if it does not return a
value.

e Use the SELECT and WHERE commands to get data that only has one value. The
recommendation given is to replace the command with the SELECT TOP 1 command which
will return one value on hundreds or millions of rows of data.

One of the problems that arise and slowdown the processes is an inefficient looping process. It is
found a process contained in the Medical Record module in (SP) ADD _rekapitulasiKamarRawatInap
(stored procedure that calculates and count for room that is occupied and unoccupied) that was carried
out about 700 times through looping, which was obtained from the select count query process in view
V_InformasiKamarRawatlnap (view/query that process impatient room records). After further
analysis, it was found that the 700 data results were duplicated, that the really needed data was only
about 100 data. Thus,it is recommended to use the SELECT DISTINCT command when retrieving
data to the V_InformasiKamarRawatlnap view.

Performance problems also occur using aggregate functions, namely the MAX and COUNT
commands, which are used to retrieve data that only produces one value. These problems can be solved
by applying the concept of Lightly Summarized Data, a simple concept of a data warehouse. In the
Pharmacy Logistics module, a process is needed to collect the maximum queue number per day. To
ease the read process, both in terms of memory and CPU, a summary table is created called
CounterAntrianResepSeq (table that record patient’s queue number) which contains only 2 attributes,
namely date and NoMaxAntriResep (maximum patient’s number that can be hadled). The data stored
in the table is the maximum queue no data per day which will continue to be updated when a new
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gueue arrives. Unlike the previous query that requires the MAX function to calculate the maximum
value of several rows of data, this process only execute a SELECT statement. There is a very
significant difference in the number of process, which if in the previous table the process will access
more than 100,000 rows, then in the lightly summarized table the process will only access 100 rows.

5. Performance Evaluation after Implementing Recommendations

After implementing the recommendations, by rewriting some queries and repairing programs in
Logistics Pharmacy module and Medical Record module, The SIMRS performance increase
significantly. After recommendations for Logistics Pharmacy module are implemented, the total cost
that can be reduced is around 95% for the entire process in the. And after recommendations for
Medical Record module are implemented, the total cost that can be reduced is around 93% for the
entire process. So the overall performance of the systems after recommendation implementation
increase by 94%. This improvement has a significant effect on the SIMRS service to customers, which
can reduce queue time and affect hospital employee response, that they can respond better (quicker)
to customers.

6. Conclusions

This study analyzes the query process that occurs in several SIMRS modules at one of RSUD in
East Java, which has decreased performance and response time. After analyzing the query, by mapping
the process, profiling, and analyzing the Actual Execution Plan, it is known which parts of the query
cause a decrease in system performance and response time, so that recommendations can be made to
improve queries improve performance and response time. The recommendations include optimizing
and eliminating unnecessary queries, looping process refinement that increased efficiency and reduced
redundancy in query data resulting by system, and lastly, using variables and light summarized data
in queries and stored procedures.
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