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Abstract The problem of correspondence cannot be separated from the ease, accuracy and speed of the processing 

process. In research from Riswandi Ishak and H. Trizaka, they proposed report management software as well as 

notification of disposition and monitoring of correspondence as a solution to correspondence problems. However, 

there are shortcomings in the notification process for the disposition of correspondence, which requires the 

software to be actively open. In research, P. Dwi proposed a notification solution with Firebase Cloud Messaging 

(FCM), so that it can send notifications as long as the browser is active and connected to the internet, even without 

opening the software. There is a problem currently when the software becomes unstable when the internet 

connection is bad or offline. Progressive Web Apps (PWA) offers the concept of web-based application 

development by implementing browser technology such as service workers and app manifests. PWA is capable of 

displaying pages offline but cannot save, change, or delete data in the database. The test results of this research 

used Lighthouse and showed an average score of 100 on the PWA criteria, 85 on the performance criteria, 97 on 

the accessibility criteria, and 100 on the best practices criteria. Additional results obtained by implementing PWA 

mean page loading times are 26.6% faster with cache and service workers. The PWA and FCM concepts provide 

the best experience in using Mailing Software even with minimal internet connection or offline. This strategy was 

chosen to still get a fast response when running the mail processing software. 
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INTRODUCTION  

Correspondence is a written communication medium that continues to exist and is used 

by many institutions/agencies/organizations and seems difficult to replace by other 

communication media (Trizaka et al., 2019) . Correspondence is very important for the 

administration of institutions/agencies/organizations, especially in the process of managing its 

creation (Muthia Farida & Dian Agustini, 2017) , (Rahman et al., 2019) . Therefore, the issue 

of correspondence needs to receive special attention, so that it can have a positive impact and 

not cause losses to the parties concerned. 

There are problems in correspondence such as human error regarding errors/repetitions 

in forming letter numbers (Priyadi & Lestari, 2018) , (Riswandi Ishak et al., 2020) . Then there 

is the issue of whether or not the process of searching for letters, monitoring the status of letters 

and archiving letters is easy (Putra et al., 2019) , (Wijaya et al., 2018) , (Ardhia et al., 2019) . 

Furthermore, there is the problem of whether or not the completion of letters quickly, 

distribution of letters, disposition of letters and presentation of letter reports (Eka Purnama 

Rijaludin et al., 2018) , (Nur et al., 2019) , (Ikhsan & Ramadhani, 2020) (Febi, 2018) . Some 

of these problems have been offered solutions by researchers leading to the design, creation 

and development of software/applications. 
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There is research by Riswandi et all (Riswandi Ishak et al., 2020) and Ikhsan et al. (Ikhsan 

& Ramadhani, 2020) offers a solution to solving correspondence problems through creating 

website-based software. The advantages of their research are seen in letter management, letter 

search and structured letter storage media, simpler/easier processes and automatic letter 

reporting. However, the system does not involve a letter verifier, so there is no integration 

concept to increase the speed of business processes and there is no monitoring of letter 

disposition status to minimize the risk of human error. Then their research also did not continue 

from the previous year's research which had answered system integration. 

The 2019 research offers solutions to correspondence problems related to system 

integration between users. For example, research by H. Trizaka et al., G. Putra et al. and A. 

Ardhia et al. has created website-based correspondence software with improved letter 

management and disposition processes. Where their research implemented notifications to 

increase response to completion of letters and there was a monitoring feature to monitor 

information on the condition of letters, whether they had been received, read and followed up. 

Because their research created notifications by requiring users to open the software, the user's 

response to finding out about mail updates was not optimal. 

Then research from (Putro et al., 2022). creating website-based correspondence software 

and adding the concept of notifications using Firebase Cloud Messaging (FCM). The advantage 

of implementing this concept is that notification messages can run smoothly on Android, iOS 

and websites without expensive costs. However, FCM requires the user to be in an internet 

network condition (online), so that active notification messages run. Then, to support the 

concept of running website-based software displays in offline conditions, Progressive Web 

Apps (PWA) need to be developed. 

Progressive Web Apps (PWA) offers the concept of web-based application development 

by implementing browser technology such as service workers and app manifests (Huber et al., 

2021). PWA is capable of displaying pages offline but cannot save, change, or delete data in 

the database. In this research, correspondence software will be created that can run even offline 

using a service worker implemented through the PWA concept, and still utilizes FCM for the 

disposition of correspondence. This strategy was chosen to provide the best experience in using 

website-based mailing software and still get a fast response when running it. 
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METHOD  

 

Figure 1. Research method flow diagram 

The steps in preparing this research begin with finding literature studies and needs 

analysis, then designing, implementing and testing the software to be created. When there is a 

mismatch between the development results and requirements, it needs to be reviewed back to 

the system requirements analysis stage. The research method flow diagram can be seen in 

figure 1. 

1. Literature Study 

The literature study explains the theoretical basis and concepts needed to build a system based 

on the literature references found. 

2. Requirements Analysis 

System requirements analysis provides a general description of the system, which explains the 

main features of the system in outline. Requirements implemented in the system are based on the 

best combination sourced from references that have been collected. System requirements include 

identifying actors who interact with the system, specifying in more detail system access rights 

requirements and modeling requirements in the form of use case diagrams and use case scenarios. 

3. System planning 

From the results of the analysis, an architectural design is created which explains the architecture 

from client to server, database design, component design and interface design. In designing this 

system, tools are used to design the system to be more structured, such as: UML (Unified 

Modeling Language) and ERD (Entity Relationship Diagram). The results of the design 

evaluation carried out determine whether the system is appropriate and accurate as desired or 

not? If it is not appropriate, then the work process returns to the needs analysis stage, and if the 

system is appropriate and accurate as needed then it will enter the next stage. 

4. System Implementation 

System implementation is carried out to start changing the results of the requirements design 

towards the program coding process, creating appropriate interfaces and databases. At this stage 

a series of programs or program units related to database storage use MySQL. And the entire 

program unit code in this software uses the HTML, CSS, JQUERY, PHP, AJAX and JSON 

programming languages. The local website testing process uses XAMPP which has integrated 

MySQL and Apache. 

5. System Testing 

The testing process searches for system errors and fixes the bugs found. Further testing and 

evaluation uses a Progressive Web Apps testing tool called Lighthouse, to see what percentage 
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of applications meet the PWA results criteria. Testing was also carried out by applying online 

and offline conditions and then looking at the response time in Chrome DevTools. 

6. Drawing Conclusions and Suggestions 

From the problems described in the problem formulation, conclusions will be drawn to get 

answers to these problems. And suggestions are given for reference for further research. 

 

RESULTS AND DISCUSSION  

1. Software Design 

A use case is a diagram that describes all activities by the system from the user's 

perspective. The use case of the system to be developed can be seen in Figure 2. 

 

Figure 2. Use case for correspondence software 

The definition of actor in the diagram can be seen in Table 1.  

Table 1: Definition of correspondence software actors 

Actor Name Definition 

Mail Administrator Mail admins have access to login/logout, update profile accounts, manage 

inboxes (including adding initial mail disposition), manage outboxes, manage 

report dates and statistics. 

General 

Administrator 

General admins have access to log in/log out, update profile accounts, manage 

user accounts, and manage mail types. 

Employee Employees have access to log in/log out, update profile accounts, and approve 

letter disposition. 

Head of Institution Heads of Institutions/Agencies have access to log in/log out, update profile 

accounts, and manage letter disposition (including approving letter disposition) 

The definition of user case in the diagram can be seen in Table 2. 

Table 2: Definition of use case for correspondence software 

Use case name Definition 

Login/logout All actors can log in before accessing the software menu and can log out after 

completing accessing the software menu. 
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Update Account Profile In this use case, all actors can update profile data information along with the 

password used when logging into the software. 

Managing User Accounts This use case allows actors to add, edit, display and delete data from all users of 

this correspondence software. 

Manage Mail Types This use case allows actors to add, edit, display and delete data from a type of 

letter. Examples of letter types: Ordinary, Confidential, Immediate/Important 

Manage your inbox This use case allows actors to add, edit, display and delete data from the inbox 

(including managing mail disposition and managing mail sender data) 

Manage mail disposition This use case facilitates actors being able to add, edit, display, delete and 

approve employee disposition assignments. 

Approve the disposition of the 

letter 

This use case facilitates the actor being able to edit changes or approve the 

disposition of the letter 

Manage Outbox This use case allows actors to add, edit, display and delete data from the outbox 

(including determining the destination of the letter). 

Manage Reports and Statistics This use case facilitates actors to display report data filters and statistics based 

on date or year. After displaying, the data can be downloaded in Excel or PDF 

format. 

Below is a picture of the main database design in the correspondence software according 

to the design requirements can be seen in figure 3.  

 

Figure 3. Mailing software database design 

2. Software Implementation 

 

Figure 4. Mailing Software Login Page 

Before you can access the existing menu, the user must log in as shown above can be 

seen in figure 4. If part When the administration runs the incoming letter menu, it must enter 

the data for the letter to in system through data input form like shown in the following image. 



 
Collaboration of Progressive Web App (PWA) And Firebase Cloud Messaging (FCM) for Optimal 

Performance Mailing Software 

591        (ICTMT) - VOLUME. 1, NO. 2 2023 
 
 

 

       

Figure 5. Input Form and Data Display Page Letter inbox 

If there is outgoing mail to be sent, it can be input via the outgoing mail data input page 

as shown below: 

.  

Figure 6. Input and Display Form Page Data Letter outbox 

Every letter inbox by mail administration and management of its disposition, then system 

will be automatic send notification i to the intended user (disposition). A notification will 

appear in the right corner bottom on the computer or in the notification section on smartphones. 

Example appearance notification can be seen in the following. 

 

Figure 7. Appearance Notifications on computers 

     

Figure 8. Appearance Notifications on Smartphones 
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To be able to carry out the notification process, there are important things that we must 

condition. First you have to get the sender ID and server key at the URL 

https://firebase.google.com 

3. Test Execution Environment 

environment that will be used to carry out the implementation is as follows: 

• Hardware 
a. Intel(R) Pentium(R) CPU 4425Y @ 1.70GHz 1.70 GHz 

b. 4.00 GB RAM memory 

• Software 
a. Operating System: Windows 11 Home 64-bit 

b. Google Chrome 58.0.3029.110 (64-bit) 

c. Lighthouse 2.1.0 

 

4. Evaluation of Testing Using Lighthouse 

Testing was carried out 30 times on 4 assessment criteria, namely PWA, Performance, 

Accessibility and Best Practices. The test results can be seen in Table 3 below. 

Table 3: Lighthouse Test Results Using Caliber 
No PWA Performance Accessibility Best Practices 

1 100 95 97 100 

2 100 85 97 100 

3 100 92 97 100 

4 100 96 97 100 

5 100 95 97 100 

6 100 53 97 100 

7 100 83 97 100 

8 100 96 97 100 

9 100 94 97 100 

10 100 93 97 100 

11 100 63 97 100 

12 100 62 97 100 

13 100 95 97 100 

14 100 94 97 100 

15 100 96 97 100 

16 100 95 94 100 

17 100 92 97 100 

18 100 93 97 100 

19 100 92 97 100 

20 100 94 97 100 

21 100 95 97 100 

22 100 80 97 100 

23 100 96 97 100 

24 100 68 97 100 

25 100 69 97 100 

26 100 96 97 100 

27 100 94 97 100 

28 100 96 97 100 

29 100 72 97 100 

30 100 62 97 100 

The test results using Lighthouse show that the software built can be said to meet the 
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criteria for a Progressive Web Apps with a score of 100 out of 100. Apart from that, it also got 

good scores on three other criteria, namely performance criteria with an average of 85 out of 

100, accessibility criteria with an average -an average of 97 out of 100, and best practices 

criteria with an average of 100 out of 100. 

In the performance criteria, the values obtained have a fairly large range, namely from 

53 to 96. This large range of values is because the performance value is very dependent on the 

condition of the internet network. When the internet network is slow, low values will be 

generated. 

5. Evaluation of Network Response Testing Using Chrome DevTools 

Discussion of network response testing results using Chrome DevTools is divided based 

on the following scenarios: 

a. In the first scenario the page will be tested with the following conditions: 

 Page Views  : first time 

 Service Worker  : not yet available 

 Page cache  : not yet available 

 Internet   : online 

The test results of the first scenario are shown in Figure 9, it is known that there were 64 

requests made from the page, 1.1 MB of data was received, the page load time was 1.8 seconds, 

and all requests were completed in 3.18 seconds. This large number of requests come from 

service workers where all static files are downloaded and stored in the cache. This process occurs 

behind the scenes and after the page has finished loading, so it does not interfere with the user 

using the application. 

 

Figure 9. First Visit Response Network 

b. In the second scenario the page will be tested with the following conditions: 

 Page Views  : after first 

 Service Worker  : is active 

 Page cache  : already exists 

 Internet  : online 
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The results of the second scenario test are shown in Figure 10, where it is known that 

there were 10 requests made from the page, 0 B data were received, the page loading 

time was 1.32 seconds, and all requests were completed in 1.68 seconds. The number of 

requests made by the same page after the service worker is active is much less than in the 

first scenario because the service worker does not download any new data for static files. 

In this scenario, no data is received by the page because all the data is already in the cache 

and returned to the page by the service worker so that the page load time is 0.48 seconds 

or 26.6% faster.  

 

Figure 10. Network Response Repeat Visit 

c. In the third scenario the page will be tested with the following conditions: 

 Page Views  : after first 

 Service Worker  : is active 

 Page cache  : not yet available 

 Internet  : online 

The results of the third scenario test are shown in Figure 11, where it is known that 

there were 11 requests made from the page, 970 B of data were received, the page load 

time was 1.86 seconds, and all requests were completed in 2.36 seconds. The number of 

requests made increases by one because they go through the login process first. The data 

received increases because the visited page is not available in the cache so the request is 

forwarded to the server and the data received is only the HTML data of the new page, 

while the static file uses data from the cache.  

 

Figure 11. Network Response No Cache Page 
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d. In the fourth scenario the page will be tested with the following conditions: 

 Page Views  : after first 

 Service Worker  : is active 

 Page cache  : not yet available 

 Internet  : online 

The fourth scenario test results are shown in Figure 12, where it is known that there 

were 11 requests made from the page, 0 B data were received, the page loading time was 

0.959 seconds, and all requests were completed in 5.29 seconds. 

 

Figure 12. Network Response Offline 

This test shows the application can run offline. In this test, the application loads content 

to the page much faster than before because it does not wait for a response from the server at 

all, where all responses are returned from the cache. 

 

CONCLUSION  

The FCM concept rules for sending notifications can only run smoothly and more 

optimally when using the HTTPS network protocol with valid SSL. Then the PWA test results 

on this software using Lighthouse show that the average score is 100 on the Progressive Web 

Apps criteria, the average score is 85 on the performance criteria, the average score is 97 on 

the accessibility criteria, and the average score is 100 on the criteria best practices. Apart from 

that, the use of the PWA concept also shows page loading times that are 26.6% faster with 

cache and service workers. The PWA and FCM concepts provide the best experience in using 

website-based correspondence software even with minimal internet connection or offline. This 

strategy was chosen to still get a fast response when running the mail processing software. 
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