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6304570 : Buerian Soongpol
Dissertation Title . Adaptable and Flexible Development of Graduate Information

Management System Framework

Program . Doctor of Philosophy in Information Technology
Dissertation Advisor . Assoc. Prof. Paniti Netinant, Ph.D.
Dissertation Co-Advisor  :  Asst. Prof. Meennapa Rukhiran, Ph.D

Abstract

Regular business operations transform into digital services, increasing advanced multi-platforms,
rapid operational alignment, flexibility, and environmental impact through energy consumption, hardware waste,
and technology investments. Flexible and sustainable system development models emphasizing energy efficiency
can help innovate software development as digital servicing applications shift. This research is motivated by the
need to improve energy consumption in early software design and development due to rising technological
efficiency and sustainability demands. Although effective in iterative development and stakeholder engagement,
traditional Agile methodologies often struggle with long-term sustainability and energy efficiency. An extended
Agile, combining Agile, a software development methodology that promotes adaptive planning, evolutionary
development, early delivery, and continuous improvement, with layered architecture, a design principle that
separates the concerns of a software application into different layers, and aspect-oriented framework,
a programming paradigm that aims to increase modularity by allowing the separation of cross-cutting concerns,
(ALAI), promises to improve system modularity, flexibility, maintainability, and sustainability. This
study's findings are theoretical and practically relevant, as they explore the energy efficiency of ALAI software
development methodologies, using the graduate admission information system services (GAISS) as an example.
GAISS is a complex system that handles the entire graduate admissions process, from application submission to
final decision. The study quantifies the energy usage of a student-list webpage by analyzing Microsoft 1IS server logs
from February 2022 to May 2024. Directly applicable findings show that the GAISS based on the ALAI framework
reduces energy consumption by 10.7914% compared to traditional Agile software development. ALAI used §92.80 kWh
versus Agile's 1000.80 kWh during operations, saving energy. These findings demonstrate the benefits of integrating
aspect-oriented frameworks and layering approaches into Agile methodologies, contributing to sustainable software
development discourse. The study emphasizes the importance of energy-efficient frameworks like ALAI to reduce
software systems' environmental impact and promote software development sustainability. With their practical relevance,
this study's findings assist software developers and organizations in choosing software design and development methods
that maximize operational efficiency and environmental sustainability.

(Total 91 pages)
Keywords: Agile; aspect-oriented; energy efficiency; flexibility; framework; layering; software development;

sustainability.
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Metric Description Value
Prospective students 2022 355
2023 1,073
2024 250
Registered Students 2022 319
2023 1,054
2024 247
System Users Super Users 3
Department Administrators 74
Users 9
Access Metrics Total Number of Accesses 946,103
Frequency of Access (Daily Average) 1,213
Access Methods POST 460,929
GET 424,901
HEAD 57,344
OPTIONS 2,815

PUT 58




1 a o [ a d A =Y 1
A1519N 4.2 Glgljf]iJ“aL“]f\‘W‘lﬁiﬂ!1H’£’f'l°ﬁ'§‘Uﬂ'li’)!ﬂﬂ%ﬁl%ﬁﬂﬁuWﬂ! (919)

67

Metric Description Value
Performance Metrics 2022 Average Response Time (ms) 699.2
2023 Average Response Time (ms) 732.5
2024 Average Response Time (ms) 416.2
URL Path (Top 5) /GradAdmission/RegisterList.aspx 121,080
/LabelGen.ashx 110,778
/admin/ManageScholarship.aspx 73,046
/Admin/ManageAdmincourse.aspx 72,779
/Admin/ManagePersonalResearch.aspx 60,741
Accessing User Metrics  Unique Users (IP addresses) 5,019
HTTP Status Codes Successful Requests (200) 442,013
Mobile Device (Top 6)  Client Errors (4xx) 241,775
Server Errors (5xx) 166,599
User Agent Browser Redirection
(Top 5) Chrome 109.0.0
IE 7.0
Null
OS (Top 5) Chrome 114.0.0 31,336
Chrome 108.0.0 28,418
Null 50,115
Windows 7 43,346
Android 10 11,473
Energy Consumption  Average Energy Consumption per Request 278
Metrics (Joules)
Average Energy Consumption per ALAI 248
Request (Joules)
Average Energy Consumption Idle (Joules) 203
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dmSunTouMITHau Agile ey ALAT 1u GAISS Aquaiounuaius a.q. 2022

DUROUNGHNIAY A, 2024

Average Total
Url Agile ALAI
Accesses Time Time
Year Month Student- Energy Energy
(Times) Taken Taken
list (watts) (watts)
(ms) (sec)

2022  February 19 - 791.10 15.03 4,178.59 3,727.66
March 118 - 1,346.50 158.89 44,170.59 39,403.98
April 124 - 181.70 22.53 6,263.56 5,587.64
May 6 1 222.50 1.34 371.13 331.08
June 1,841 297 275.20 506.64 140,846.81 125,647.51
July 12,861 3,936 2,240.10 28,809.93 8,009,159.46  7,144,861.67
August 22,325 6,336 440.80 9,840.86 2,735,759.08  2,440,533.28
September 8,598 2,345 851.60 7,322.06 2,035,531.79  1,815,870.09
October 4,603 1,113 489.80 2,254.55 626,764.73 559,128.25
November 18,700 5,773 355.70 6,651.59 1,849,142.02  1,649,594.32
December 22,108 7,713 373.50 8,257.34 2,295,539.96  2,047,819.82
2023  January 21,935 8,132 332.70 7,297.77 2,028,781.31 1,809,848.08
February 15,153 3,632 295.60 4,479.23 1,245,225.05  1,110,848.25
March 30,779 5,398 307.50 9,464.54 2,631,142.82  2,347,206.54
April 490,125 5,123 901.90  442,043.74  122,888,159.03  109,626,846.90
May 19,932 5,861 359.30 7,161.57 1,990,915.79  1,776,068.76
June 33,608 11,615 532.50 17,896.26 4,975,160.28  4,438,272.48
July 77,859 10,525 261.00 20,321.20 5,649,293.32  5,039,657.35
August 30,947 10,844 823.90 25,497.23 7,088,230.86  6,323,313.86
September 18,053 4,774 658.10 11,880.68 3,302,828.85  2,946,408.47
October 9,478 2,153 276.20 2,617.82 727,754.96 649,220.25
November 16,927 3,649 1,097.10 18,570.61 5,162,630.05  4,605,511.70
December 15,076 3,826 271.00 4,085.60 1,135,795.69  1,013,227.81
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list (watts) (watts)
(ms) (sec)
2024 January 17,726 6,222 207.80 3,683.46 1,024,002.66 913,498.77
February 10,353 3,233 363.50 3,763.32 1,046,201.71 933,302.24
March 24,730 3,350 621.10 15,359.80  4,270,025.23  3,809,231.14
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