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ABSTRAK

PENGEMBANGAN APLIKASI PENJADWALAN SEKOLAH OTOMATIS
BERBASIS WEB DENGAN ALGORITMA CP-SAT GOOGLE OR-TOOLS
(Oleh: Muhammad Hafi Mufaddhol; Pembimbing: Setyo Wahyu Saputro, S.Kom.,
M.Kom. dan Irwan Budiman, S.T., M.Kom.; 2026; 115 halaman)

Penjadwalan akademik di sekolah menengah merupakan permasalahan optimasi
kombinatorial yang kompleks karena melibatkan berbagai kendala seperti
ketersediaan guru, distribusi jam mata pelajaran, batas beban mengajar, serta
keterbatasan ruang kelas, di mana proses penyusunan secara manual sering
menimbulkan bentrokan jadwal, ketidakseimbangan beban kerja, dan inefisiensi
waktu. Penelitian ini mengembangkan aplikasi penjadwalan sekolah otomatis
berbasis web yang mengintegrasikan solver CP-SAT dari Google OR-Tools dengan
strategi sequential decomposition dua fase, di mana fase pertama menentukan
alokasi guru dan komposisi blok jam pembelajaran dengan memprioritaskan blok
3JP dan 2JP melalui fungsi objektif berbasis penalti berbobot, sedangkan fase kedua
menempatkan blok tersebut ke dalam slot waktu secara optimal. Sistem
dikembangkan menggunakan metode Waterfall dengan arsitektur tiga lapis dan
diuji pada data riil sekolah menengah berskala 75 guru, 27 kelas, dan 38 mata
pelajaran. Hasil pengujian menunjukkan seluruh kebutuhan fungsional terpenuhi
dengan tingkat keberhasilan 100% pada Black Box Testing dan kategori baik pada
User Acceptance Testing. Dari sisi optimasi, sistem menghasilkan jadwal feasible
tanpa pelanggaran hard constraints dengan optimality gap 0,015% dalam waktu
komputasi 1.808 detik. Eksperimen komparatif membuktikan bahwa pendekatan
dua fase secara signifikan lebih efektif dibandingkan pendekatan satu fase, dengan
selisih optimality gap sebesar 26,674% dan kelengkapan jadwal 646 berbanding
582 items terjadwal pada batas waktu identik, serta berhasil mencapai status
OPTIMAL dengan gap 0,000% pada batas waktu 3.600 detik. Penelitian ini
membuktikan bahwa integrasi CP-SAT dengan strategi sequential decomposition
ke dalam aplikasi web administratif efektif dalam meningkatkan efisiensi,
konsistensi, dan kualitas penyusunan jadwal akademik di lingkungan sekolah
menengah.

Kata Kunci: penjadwalan sekolah, Constraint Programming, CP-SAT, aplikasi
web.
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ABSTRACT

DEVELOPMENT OF A WEB-BASED AUTOMATED SCHOOL
TIMETABLING APPLICATION USING THE CP-SAT ALGORITHM FROM
GOOGLE OR-TOOLS

(By: Muhammad Hafi Mufaddhol; Supervisor: Setyo Wahyu Saputro, S.Kom.,
M.Kom. and Irwan Budiman, S.T., M.Kom.; 2026, 115 pages)

Academic timetabling in secondary schools constitutes a complex combinatorial
optimization problem due to the involvement of multiple constraints, including
teacher availability, subject hour distribution, teaching load limits, and classroom
capacity restrictions. The scheduling process, which is often conducted manually,
frequently results in timetable conflicts, imbalanced workloads, and time
inefficiency. This study develops a web-based automated school timetabling
application integrating the CP-SAT solver from Google OR-Tools with a sequential
decomposition strategy. The first phase determines teacher allocation and learning
block composition by prioritizing 3-period and 2-period blocks through a weighted
penalty-based objective function, while the second phase assigns these blocks to
time slots optimally. Hard constraints ensure the absence of teacher, class, and
room conflicts as well as the fulfillment of required instructional hours, while soft
constraints minimize teacher idle time and schedule fragmentation. The system is
developed using the Waterfall methodology with a Three-Tier Architecture and
evaluated using real secondary school data comprising 75 teachers, 27 classes, and
38 subjects. Functional evaluation demonstrates that all system features operate
according to specifications with a 100% success rate on Black Box Testing and a
good category on User Acceptance Testing. In terms of optimization, the system
generates a feasible schedule without violating any hard constraints with an
optimality gap of 0.015% within a computation time of 1,808 seconds. A
comparative experiment further demonstrates that the two-phase approach
significantly outperforms the single-phase approach, with an optimality gap
difference of 26.674% and schedule completeness of 646 versus 582 scheduled
items under identical time limits, while achieving OPTIMAL status with a 0.000%
gap at a 3,600-second time limit. These findings demonstrate that integrating CP-
SAT with a sequential decomposition strategy into a web-based administrative
application effectively improves the efficiency, consistency, and overall quality of
academic timetable generation in secondary school environments.

Keywords: school timetabling, Constraint Programming, CP-SAT, web-based
application.
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