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RINGKASAN 

Kemasan memiliki peran penting dalam menarik perhatian konsumen serta 

membentuk persepsi emosional terhadap suatu produk. Penelitian ini bertujuan 

untuk merancang desain kemasan teh oolong yang sesuai dengan preferensi 

emosional konsumen menggunakan pendekatan Kansei Engineering. Penelitian 

dilakukan melalui identifikasi kebutuhan emosional konsumen menggunakan 

kuesioner Semantic Differential II pada penelitian terdahulu. Hasil pengolahan data 

tersebut menghasilkan dua konsep yaitu, exclusive dan practical yang selanjutnya 

digunakan sebagai dasar dalam menghasilkan elemen desain kemasan teh oolong. 

Penelitian ini juga menghasilkan elemen desain menggunakan metode GA. Selain 

itu, dilakukan evaluasi performa model melalui perbandingan antara metode GA 

dan ANFIS yang diperoleh dari penelitian terdahulu. Hasil evaluasi model 

menunjukkan bahwa metode GA menghasilkan nilai crisp output sebesar 3,00000, 

sedangkan metode ANFIS sebesar 3,00001. Selain itu, hasil penelitian menunjukan 

bahwa metode ANFIS memiliki tingkat akurasi yang lebih baik dibandingkan 

dengan GA dengan nilai RMSE, MAE, dan MAPE berturut-turut sebesar 

0.133630621, 0.03571428571, dan 1.02040816. Meskipun demikian, kedua metode 

menunjukkan performa prediksi yang baik karena memiliki selisih nilai error yang 

relatif kecil. 

Kata Kunci : elemen kemasan, evaluasi, performa, kansei engineering, GA-BPNN, 

GA. 
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SUMMARY 

Packaging plays a crucial role in attracting consumers’ attention and shaping their 

emotional perceptions of a product. This study aims to develop a packaging design 

for oolong tea that aligns with consumers’ emotional preferences using the Kansei 

Engineering approach. The research was conducted by identifying consumers’ 

emotional needs using the Semantic Differential II questionnaire from a previous 

study. The results of the data analysis yielded two concepts—exclusive and 

practical—which were subsequently used as the basis for developing oolong tea 

packaging design elements. This study also generated design elements using the GA 

method. Additionally, a model performance evaluation was conducted by 

comparing the GA and ANFIS methods obtained from previous research. The 

model evaluation results showed that the GA method produced a crisp output value 

of 3.00000, while the ANFIS method produced a value of 3.00001. Furthermore, 

the research results indicate that the ANFIS method has a higher level of accuracy 

compared to GA, with RMSE, MAE, and MAPE values of 0.133630621, 

0.03571428571, and 1.02040816, respectively. Nevertheless, both methods 

demonstrate good predictive performance because the difference in their error 

values is relatively small. 

Keywords : packaging elements, evaluation, performance, kansei engineering, GA-

BPNN, GA. 
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BAB I PENDAHULUAN 

1.1.  Latar Belakang  

Evaluasi terhadap elemen desain kemasan penting dilakukan untuk 

memastikan kualitas, fungsi yang optimal, dan daya tarik visualnya sesuai dengan 

preferensi konsumen. Subjektivitas dalam desain kemasan menjadi hambatan, 

terutama dalam menghasilkan elemen visual yang dapat mempengaruhi perspepsi 

konsumen terhadap suatu produk [1]. Evaluasi digunakan untuk menentukan nilai 

dari suatu hal berdasarkan kriteria yang telah ditetapkan [2]. Kriteria yang 

dimaksud, yaitu melakukan nilai dari pada elemen kemasan sesuai dengan 

preferensi konsumen. Preferensi konsumen dapat dianalisis dan dievaluasi secara 

terstruktur, sehingga bobot masing-masing kriteria penilaian dapat ditetapkan 

seacara objektif pada tahap akhir proses evaluasi [3].  

Penelitian sebelumnya sebagian besar berfokus memprediksi emosional 

konsumen tanpa memperhatikan evaluasi subjektif yang bertujuan menemukan 

elemen visual yang lebih efektif [4]. Emosi yang ditimbulkan oleh elemen visual 

kemasan bersifat personal dan bervariasi, karena dipengaruhi oleh latar belakang 

sosial, pendidikan dan budaya masing-masing individu. Hal ini didukung dengan 

metode praktis untuk memprediksi emosi individu, sehingga elemen visual 

kemasan dapat disesuaikan dengan persepsi konsumen [5]. Metode konvensional 

yang mengadandalkan emosi secara dominan sering kali kurang tepat dalam 

memprediksi emosi secara personal. Prediksi terhadap emosional individu masih 

memiliki perkembangan yang sangat terbatas [6]. Maka dari itu, perlunya dilakukan 

evaluasi untuk menghasilkan elemen desain kemasan secara objektif dan 

meminimalisir subjektivitas [7]. 

Evaluasi terbagi menjadi dua, diantaranya objective evaluation dan human-

centred evaluations [8, 9]. Evaluasi objektif disebut dengan metrik heuritik yang 

mencakup perhitungan matematis. Human-centred evaluations dapat berupa 

kualitatif dan kuantitatif. Kualitatif mrnggunakan pertanyaan terbuka untuk 

menggali wawasan yang lebih dalam, serta dipadukan dengan kuantitatif dalam 

sistem seperti menggunakan Machine Learning (ML) maupun Artifical Intelligent 

(AI). Beberapa penelitian yang berhasil melakukan evaluasi suatu design produk, 
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seperti penelitian [9]. Mengevaluasi warna suatu sepeda menggunakan Machine 

Learning (ML), yaitu XGboost dengan menghasilkan warna blackness dan 

chromaticness terhadap persepsi emosional warna yang dapat membantu desainer 

dalam pengambilan keputusan desain warna. Penelitian lainnya mengenai evaluasi 

produk menggunakan metode GRA-TOPSIS untuk mengevaluasi serta 

memeringkatkan alternatif produk, dengan studi kasus pada bor listrik, berdasarkan 

kebutuhan objektif konsumen [10]. Metode Evaluasi produk juga dilakukan untuk 

produk gendongan bayi dengan menggunakan metode Confirmatory Factor 

Analysis (CFA) dan menghasilkan tipe gendongan warp dinilai paling memenuhi 

kebutuhan emosional pengguna [11]. Meskipun demikian, penelitian terkait 

evaluasi desain kemasan masih jarang dilakukan, terutama yang memanfaatkan 

pendekatan berbasis logika dan teknologi kecerdaan buatan.  

Evaluasi terhadap objek penelitian ini diimplementasikan dalam proses 

pengembangan kemasan produk guna menentukan alternatif kemasan terbaik dari 

berbagai metode yang digunakan. Kemasan teh oolong menjadi salah satu jenis teh 

yang menjadi objek dalam penelitian ini dengan pendekatan Kansei Engineering. 

Kemasan produk yang baik harus unik, orisinal, dan mampu membangun daya tarik 

serta hubungan emosional dengan konsumen [12]. Penerapan elemen desain yang 

tepat dapat meningkatkan daya tarik visual, memperkuat identitas produk, serta 

membantu membedakannya dari kompetitor di pasar [13]. Proses evaluasi tersebut 

memiliki tingkat kompleksitas yang tinggi karena melibatkan penilaian elemen 

yang bersifat subjektif, sehingga diperlukan pendekatan yang lebih mendalam [14]. 

Oleh karena itu, analisis komparatif antara dua metode diperlukan guna 

memperoleh hasil yang lebih objektif dan akurat, sehingga dapat diketahui metode 

yang paling efektif [15, 16]. Selain itu, analisis komparatif ini juga memberikan 

gambaran mengenai kelebihan dan keterbatasan masing - masing metode dalam 

mengolah data persepsi konsumen terhadap desain kemasan. 

Metode yang akan digunakan dalam penelitian ini dalam menentukan 

elemen kemasan, ialah Genetic Algorithm (GA). Metode GA digunakan untuk 

memprediksi elemen desain kemasasn karena mampu menghasilkan solusi optimal 

dari berbagai kemungkinan melalui proses optimasi yang efisien [17]. GA lebih 

efektif dalam mencari solusi secara menyeluruh, sehingga dapat membantu 
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menentukan desain produk yang paling sesuai dalam waktu singkat [18]. Metode 

GA dalam proses penentuan elemen desain kemasan lebih efisien dari sisi waktu 

karena tidak membutuhkan pelatihan berulang, berbeda dengan metode berbasis 

Neural Network yang memerlukan proses training yang lebih kompleks 

membutuhkan waktu yang lama [19]. Penelitian mengenai optimasi desain pola 

kain plaid fabric berdasarkan preferensi pengguna [20]. Penggunaan metode GA 

pada pendekatan Kansei Engineering masih jarang ditemukan. Salah satu penelitian 

yang mengintegrasikan pendekatan Kansei Engineering, memanfaatkan GA untuk 

menggabungkan elemen simbol budaya Jiangxi red culture ke dalam perancangan 

desain jam tangan [21]. Metode GA diterapkan dalam penelitian ini sebagai 

kelanjutan dari tahap perbandingan dengan metode ANFIS yang telah digunakan 

pada penelitian sebelumnya. Metode ANFIS metode yang efektif untuk 

memodelkan preferensi pelanggan. Pendekatan ANFIS memahami hubungan 

nonlinier antara preferensi konsumen dalam menerapkan atribut produk [22].  

Tahap selanjutnya adalah evaluasi perancangan kemasan dengan 

pendekatan Kansei Engineering. Evaluasi ini bertujuan untuk mengukur tingkat 

performa dari desain yang dihasilkan. Tahapan evaluasi dapat diterapkan pada hasil 

desain Kansei Engineering untuk mengurangi tingkat subjektivitas dan 

ketidakpastian dalam proses penilaian. Hal imi disebabkan karena kualitas dalam 

Kansei Engineering umumnya direpresentasikan dalam bentuk istilah linguistik 

yang bersifat subjektif, sehingga berpotensi menimbulkan ambiguitas dan 

ketidakpastian data [23]. Penerapan metode evaluasi kuantitatif memungkinkan 

diperolehnya informasi yang lebih objektif dan presisi karena proses pengukuran 

dilakukan menggunakan instrument terstandar yang dioah melalui perangkat lunak 

[24].  

Pendekatan statistika diterapkan dalam penelitian ini memanfaatkan 

kecerdasan buatan (AI) untuk meningkatkan objektivitas dalam pengambilan 

keputusan dan mengurangi ketidakpastian [25]. Genetic Algorithm 

Backpropagation Neural Network (GA-BPNN) digunakan dalam penelitian ini 

untuk mengevaluasi desain kemasan pada teh oolong. GA-BPNN masih jarang 

digunakan dalam case evaluasi dengan pendekatan Kansei Engineering, yang mana 

menjadi keterbaruan pada penelitian ini. GA-BPNN digunakan untuk 
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meminimalisir kesalahan serta meningkatkan ketepatan dan keandalan sistem 

evaluasi [26]. GA bekerja dengan meniru mekanisme evolusi alam dan memiliki 

kemampuan untuk menjelajahi solusi secara global, sehingga efektif digunakan 

untuk mengoptimalkan bobot dan nilai ambang pada BPNN [27, 28]. Dengan 

demikian, penerapan GA-BPNN dalam evaluasi desain kemasan the oolong 

diharapkan mampu menghasilkan penilaian kinerja elemen desain yang lebih 

objektif dan dapat dijadikan dasar yang kuat dalam pengambilan keputusan 

pengembangan kemasan berbasis preferensi konsumen 

Output dari penelitian perancangan pengembangan kemasan teh oolong 

yang menghasilkan variasi elemen desain dari dua metode, yaitu ANFIS dan GA, 

selanjutnya dievaluasi menggunakan pendekatan GA-BPNN bertujuan untuk 

mengukur performa sebagai indikator utama dalam menilai keberhasilan 

pengembangan kemasan. Melalui pendekatan GA-BPNN, data penilaian konsumen 

yang bersifat linguistik dapat diolah secara lebih sistematis, sehingga hasil evaluasi 

menjadi lebih objektif dan terukur. Pendekatan ini diharapkan mengashilkan desain 

kemasan yang lebih akurat dan aplikatif bagi produk teh oolong. Penelitian 

selanjutnya masih diperlukan untuk mengkaji evaluasi performa desain kemasan 

melalui kombinasi metode computional intelligence atau yang lebih baik lagi. 

1.2. Rumusan Masalah 

Berdasarkan uraian latar belakang diatas, permasalahan pada penelitian ini 

dapat dirumuskan sebagai berikut : 

1. Bagaimana hubungan antara evaluasi elemen desain dengan preferensi 

konsumen terhadap kemasan teh oolong? 

2. Bagaimana penerapan dan hasil dari metode GA dalam mengoptimalkan 

elemen desain kemasan berdasarkan konsep desain yang telah dihasilkan? 

3. Apakah metode GA-BPNN (Genetic Algorithm) dapat digunakan untuk 

mengevaluasi keselarasan antara elemen desain dengan konsep yang telah 

ditentukan pada kemasan teh oolong? 

1.3. Tujuan Penelitian 

Berdasarkan rumusan masalah yang telah dijelaskan diatas, penelitian ini 

bertujuan sebagai berikut :  
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1. Menganalisis elemen desain kemasan berdasarkan konsep desain yang 

sudah dihasilkan menggunakan metode GA terhadap kemasan teh oolong. 

2. Merancang kemasan teh oolong berdasarkan persepsi konsumen dalam 

bentuk mock-up 3D.  

3. Mengevaluasi performa elemen desain kemasaan teh oolong menggunakan 

metode GA-BPNN. 

1.4. Manfaat Penelitian 

 Berdasarkan perumusan dan tujuan penelotian yang telah dijelaskan, 

penelitian ini diharapkan memberikan manfaat sebagai berikut:  

1. Memperluas wawasan serta menjadi referensi bagi mahasiswa mengenai 

proses pengembangan kemasn dengan Kansei Engineering melalui 

penerapan metode GA. 

2. Menjadi acuan bagi pelaku usaha untuk memperbaiki dan menciptakan 

kemasan produk yang lebih sesuai dengan kebutuhan pasar. 

3. Menilai efektifitas metode paling sesuai dalam perancangan dan 

pengembangan kemasan berbasis Kansei Engineering. 

1.5. Ruang Lingkup Penelitian 

Penelitian ini memiliki batasan tertentu yang ditetapkan untuk memperjelas 

ruang lingkup pembahasan. Batasan tertentu ini memusatkan perhatian pada aspek-

aspek yang relevan sehingga proses analisis menjadu lebih terarah dan tepat 

sasaran. Batasan dalam penelitian inu meliputi : 

1. Responden dalam penelitian ini merupakan pengguna yang telah 

mengkonsumsi produk teh oolong. 

2. Metode yang digunakan dalam penelitian ini, yaitu Genetic Algorithm dan 

GA-BPNN. 

3. Hasil akhir dari pengembangan kemasan pada penelitian ini berupa desain 

mock up 3D dengan fokus utama pada aspek desain kemasan visual dan 

bentuk kemasan.  

4. Penelitian ini dilakukan tidak mencakup analisis perhitungan estimasi biaya 

produksi kemasan. 



6 

 

 
 

5. Penelitian ini tidak menerapkan kembali metode yang sama dalam 

penentuan konsep pengembangan kemasan. 
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BAB V SIMPULAN DAN SARAN 

5.1 Simpulan 

 Berdasarkan serangkaian tahapan penelitian yang telah dilaksanakan, 

diperoleh beberapa Kesimpulan yang merepresentasikan hasil dan temuan 

penelitian, yaitu sebagai berikut :  

1. Menghasilkan kombinasi elemen desain kemasan teh oolong yang sesuai 

dengan konsep kemasan yang telah ditetapkan pada penelitian terdahulu, 

yaiut konsep Exclusive dan Practical menggunakan metode Genetic 

Algorithm (GA). Kombinasi elemen desain yang dihasilkan untuk konsep 

Exclusive meliputi Secondary Material tinplate, Shape cylinder, lid Two 

Piece-High, Primary Material alu foil, Feature paper seal, Size medium, 

Design Style elegant, Color warm tone, Surface Design direct printing. 

Sedangkan untuk konsep practical, Secondary Material ivory, Shape 

folding box – cube, lid magnet, Primary Material paper + tea bag, Feature 

paper seal, Size medium, Design Style klasik/vintage, Color natura, Surface 

Design direct printing.  

2. Hasil kombinasi elemen desain yang diperoleh dari metode GA 

diimplementasikan ke dalam bentuk mock up kemasan sebagai representasi 

visual untuk memberikan gambaran yang lebih konkret terhadap hasil 

kombinasi desain. 

3. Penelitian ini tidak hanya menghasilkan elemen desain kemasan, tetapi juga 

menanalisis tingkat performa metode GA dan ANFIS melalui proses 

evaluasi model menggunakan metode GA-BPNN. Hasil evaluasi 

menunjukkan bahwa metode ANFIS memiliki tingkat akurasi yang lebih 

sedikit dibandingkan GA. Hal ini ditunjukkan oleh nilai RMSE, MAE, dan 

MAPE yang lebih rendah, yaitu masing masing sebesar 0.133630621, 

0.03571428571, dan 1.02040816. Meskipun demikian, selisih nilai erorr 

yang dihasilkan oleh kedua metode sangat relative kecil, sehingga kedua 

metode dapat dikategorikan memiliki performa prediksi yang baik dalam 

merepresentasikan preferensi konsumen terhadap desain kemasan teh 

oolong. 
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5.2 Saran 

Berdasarkan hasil penelitian yang telah dilakukan, beberapa saran yang dapat 

dipertimbangkan untuk penelitian selanjutnya adalah sebagai berikut : 

1. Mengimplementasikan hasil rancangan elemen kemasan ke dalam prtotipe 

fisik sehingga dapat dilakukan pengujian kelayakan kemasan, sekaligus 

mengevaluasi tingkat daya tarik visual. 

2. Mengembangkan dan mengeksplorasi kombinasi metode machine learning 

lainnya untuk mengoptimalkan hasil evaluasi serta membandingkan 

performa metode yang digunakan.  

3. Penelitian selanjutnya dapat menmpertimbangkana aspek biaya produksi 

dan kelayakan pemasaran yang dapat diterapkan secara nyata pada skala 

produksi. 
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LAMPIRAN 

Lampiran 1. Sampel Kemasan Teh Oolong 

   

 

  

 

   

1 (A) 2 (B) 3 (C) 4 (D) 5 (E) 6 (F) 

  

 

  

 

    

7 (G) 8 (H) 9 (I) 10 (J) 11 

(K) 

12 (L) 

 

  

 

 

  

 

13 (M) 14 (N) 15 (O) 16 (P) 17 (Q) 18 (R) 

  

 

   

 

 

  

19 (S) 20 (T) 21 (U) 22 (V) 23 (W) 24 (X) 

  

 

   

 

  

 

25 (Y) 26 (Z) 27 (AA) 28 (AB) 29 (AC) 30 (AD) 

  
 

  

 

31 (AE) 32 (AF) 33 (AG) 34 (AH) 35 (AI) 36 (AJ) 



74 

  

 
 

 

 

    

37 (AK) 38 (AL) 39 (AM) 40 (AN) 41 (AO) 42 (AP) 

   

 

  

43 (AQ) 44 (AR) 45 (AS) 46 (AT) 47 (AU) 48 (AV) 

 

  
    

49 (AW) 50 

(AX) 

51 (AY) 52 (AZ) 53 (BA) 54 (BB) 

     

 

   

55 (BC) 56 (BD) 57 (BE) 58 (BF) 59 (BG) 60 (BH) 

  

 

  

 

  

 

   

61 (BI) 62 (BJ) 63 (BK) 64 (BL) 65 (BM) 66 (BN) 
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Lampiran 2. Hasil Responden Exclusive 

  

Sample 

1 

Sample 

2 

Sample 

3 

Sample 

4 

 Sample 

5 

...

.. 

Sample 

65 

Sample 

66 

Responde

n 1 2 2 2 2 2 

...

.. 4 5 

Responde

n 2 2 2 2 2 2 

...

.. 4 3 

Responde

n 3 1 1 1 1 1 

...

.. 1 2 

Responde

n 4 2 2 2 2 2 

...

.. 2 2 

Responde

n 5 1 1 1 1 1 

...

.. 4 4 

.... .... .... .... .... .... 

...

. .... .... 

Responde

n 65 4 4 3 5 1 

...

. 1 5 

Responde

n 66 4 5 5 2 1 

...

. 1 5 

 

Lampiran 3 Hasil Responden Practical 

  

Sample 

1 

Sample 

2 

Sample 

3 

Sample 

4 

Sample 

5 

...

.. 

Sample 

65 

Sample 

66 

Responde

n 1 4 2 2 4 4 

...

.. 2 1 

Responde

n 2 4 4 3 3 4 

...

.. 2 3 

Responde

n 3 5 2 4 5 4 

...

.. 5 4 

Responde

n 4 4 3 4 5 2 

...

.. 4 4 

Responde

n 5 5 4 5 4 4 

...

.. 2 2 

.... .... .... .... .... .... 

...

. .... .... 

Responde

n 65 2 2 3 1 5 

...

. 5 2 

Responde

n 66 2 1 1 4 5 

...

. 5 1 
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Lampiran 4. Data Morfologi Kemasan 

Sampl

e 

X

1 
X2 

X

3 

X

4 

X

5 

X

6 

X

7 

X

8 

X

9 

Exclusive Practical 

Mea

n 

STDe

v 

Mea

n 

STDe

v 

1 1 4 2 2 21 1 6 2 1 2.65 1.31 3.35 1.31 

2 1 5 3 1 21 3 5 2 1 3.68 1.21 2.32 1.21 

3 1 2 4 3 21 1 4 3 1 3.32 1.38 2.68 1.38 

4 1 2 4 1 21 1 6 2 1 3.38 1.43 2.62 1.43 

5 2 4 2 1 21 1 4 3 1 2.08 1.22 3.92 1.22 

6 2 4 2 3 21 2 8 5 1 3.26 1.37 2.74 1.37 

7 2 3 3 2 2 2 1 4 1 3.09 1.50 2.91 1.50 

8 1 4 3 2 1 2 7 3 1 2.80 1.45 3.20 1.45 

9 4 2 5 3 21 2 3 2 2 3.39 0.97 2.61 0.97 

10 1 4 3 1 21 3 5 5 1 2.44 1.28 3.56 1.28 

11 1 4 3 1 21 3 8 2 1 2.39 1.04 3.61 1.04 

12 1 7 4 1 21 1 8 5 1 2.14 1.32 3.86 1.32 

13 1 4 2 1 21 1 7 5 1 3.33  1.24 2.67 1.24 

14 2 5 2 3 21 2 5 4 1 2.35 1.27 3.65 1.27 

15 1 9 2 3 15 2 3 4 1 3.88 0.75 2.12 0.75 

16 1 4 4 1 21 1 3 4 1 2.94 1.43 3.06 1.43 

17 1 4 3 1 21 3 5 5 1 2.64 0.73 3.36 0.73 

18 1 6 2 2 21 1 4 3 1 2.98 1.25 3.02 1.25 

19 1 4 2 1 21 1 4 2 1 2.08 1.12 3,92 1.12 

20 1 4 2 1 21 1 5 5 1 1.77 0.98 4.23 0.98 

21 1 4 3 2 21 3 6 2 1 2.62 1.29 3.38 1.29 

22 1 8 4 3 21 1 3 5 1 3.48 1.14 2.52 1.14 

23 1 11 1 1 10 3 7 5 1 3.47 1.23 2.53 1.23 

24 1 11 1 4 10 3 8 1 1 3.59 1.17 2.41 1.17 

25 1 11 1 4 11 3 7 5 1 3.45 1.25 2.55 1.25 

26 1 11 1 4 11 2 3 4 1 3.03 1.50 2.97 1.50 

27 1 11 1 1 21 2 7 3 1 3.55 1.28 2.45 1.28 

28 6 11 15 1 4 3 6 4 2 2.30 1.04 3.70 1.04 

29 1 12 1 1 10 1 1 4 2 1.83 1.08 4.17 1.08 

30 1 10 14 2 3 1 3 4 1 3.55 1.39 2.45 1.39 

31 1 13 1 4 13 1 2 5 1 3.26 1.36 2.74 1.36 

32 1 16 11 3 18 1 1 2 1 3.24 0.97 2.76 0.97 

33 1 7 7 3 16 1 8 3 1 3.09 1.24 2.91 1.24 

34 1 12 5 2 16 2 3 2 1 3.42 1.13 2.58 1.13 

35 1 2 8 1 21 1 7 5 1 3.21 1.25 2.79 1.25 

36 1 14 2 2 12 1 1 2 1 3.62 1.22 2.38 1.22 

37 1 15 8 1 17 1 4 4 1 3.61 1.14 2.39 1.14 

38 7 19 15 4 4 3 1 3 1 2.32 0.99 3.68 0.99 

39 7 19 15 4 7 3 6 5 1 2.47 6.50 4.53 6.50 

40 7 19 15 4 5 2 1 2 1 1.65 0.91 4.35 0.91 

41 3 19 15 4 9 3 4 5 2 2.39 1.01 3.61 1.01 

42 3 19 15 4 6 3 7 5 1 1.89 1.10 4.11 1.10 

43 7 20 15 4 8 3 3 3 1 3.71 1.37 2.29 1.37 

44 7 21 15 4 21 3 7 2 1 3.24 1.19 2.76 1.19 

45 7 21 15 4 17 1 7 3 1 3.32 1.28 2.68 1.28 
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46 8 17 11 3 16 2 3 4 1 4.94 0.24 1.06 0.24 

47 8 17 10 4 15 3 3 5 1 3.94 0.94 2.06 0.94 

48 8 17 13 4 14 2 4 2 1 3.94 0.72 2.06 0.72 

49 8 17 10 4 21 2 7 4 1 3.53 1.18 2.47 1.18 

50 8 17 13 4 19 2 3 5 1 4.94 0.24 1.06 0.24 

51 8 17 13 4 21 3 4 5 1 3.53 0.68 2.32 0.68 

52 8 17 11 3 21 1 7 2 1 4.94 0.24 1.06 0.24 

53 8 17 10 3 21 2 4 2 1 3.98 0.24 2.02 0.24 

54 8 17 13 3 21 2 3 3 1 4.94 0.55 1.06 0.55 

55 8 17 13 4 21 2 6 2 2 4.94 1.58 1.06 1.58 

56 8 17 13 3 20 2 4 3 1 4.61 0.24 1.39 0.24 

57 5 17 9 4 21 3 7 2 1 2.70 1.58 3.30 1.58 

58 8 17 9 4 20 3 3 4 1 4.94 0.24 1.06 0.24 

59 8 17 6 4 21 2 8 1 1 3.89 0.97 2.11 0.97 

60 8 17 12 4 20 3 4 4 1 4.52 0.89 1.48 0.89 

61 8 1 9 3 21 3 4 2 1 2.74 1.54 3.26 1.54 

62 8 1 9 4 21 2 5 2 2 2.86 1.24 3.14 1.24 

63 8 17 13 4 21 2 6 1 1 2.67 1.21 3.33 1.21 

64 8 18 9 4 20 2 7 2 1 4.02 0.84 1.98 0.84 

65 8 17 10 4 21 2 4 4 2 1.92 1.27 4.08 1.27 

66 8 1 9 4 10 2 1 4 2 3.53 1.34 2.47 1.34 

 

Lampiran 5. Source Code Genetic Algorithm 

# 1. Import pustaka 
import pandas as pd 
import numpy as np 
import statsmodels.formula.api as smf 
# 2. Load data dari Excel 
file_path = 'Morfologi.xlsx' 
df = pd.read_excel(file_path, sheet_name='MORFOLOGI_EX') 
print(df.head()) 
# 3. Siapkan atribut kategori dan target 
atribut_kat = ['Material', 'Shape', 'Lid', 

'Material_Primer', 'Feature', 'Volume', 'Style_Design', 

'Color', 'Surface_Design'] 
target = df['Mean_Ex'].to_numpy(dtype=float) 
# 4. Hitung Grey Relational Grade (GRG) 
x_norm = (target - target.min()) / (target.max() - 

target.min()) 
x_ref = x_norm.max() 
delta = np.abs(x_ref - x_norm) 
delta_min = delta.min() 
delta_max = delta.max() 
rho = 0.5 
grc = (delta_min + rho * delta_max) / (delta + rho * 

delta_max) 
df['GRG'] = grc 
# 5. Ubah kategori jadi tipe kategori 
df_model = df.copy() 
for col in atribut_kat: 
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    df_model[col] = df_model[col].astype('category') 
# 6. Buat formula regresi linear 
# Ubah formula regresi dengan menambahkan '- 1' untuk 

menghilangkan intercept 
formula = 'GRG ~ ' + ' + '.join(f'C(Q("{col}"))' for col in 

atribut_kat) + ' - 1' 
model = smf.ols(formula=formula, data=df_model).fit() 
# 7. Ambil ringkasan model regresi 
summary_df = model.summary2().tables[1] 
# 8. Ekstrak nama atribut dari indeks 
summary_df['Atribut'] = ( 
    summary_df.index.to_series() 
    .str.extract(r'Q\("?(.*?)"?\)(?:\[T\..*?\])?')[0] 
    .fillna(summary_df.index.to_series())) 
# 9. Ambil koefisien per baris 
summary_df['Koefisien'] = summary_df['Coef.'] 

 
# 10. Hitung rata-rata nilai absolut koefisien untuk tiap 

atribut utama 
koef_atribut = 

summary_df.groupby('Atribut')['Koefisien'].apply(lambda x: 

x.abs().mean()).reset_index() 

 
# 11. Buat ranking berdasarkan nilai koefisien (semakin 

besar semakin tinggi) 
koef_atribut['Rank Koefisien'] = 

koef_atribut['Koefisien'].rank(ascending=False).astype(int) 

 
# 12. Tampilkan hasil 

print("\n📊 Ranking Koefisien Berdasarkan Atribut (rata-

rata koefisien dummy):\n") 
print(koef_atribut[['Atribut', 'Koefisien', 'Rank 

Koefisien']]) 
koef_atribut.to_excel('Hasil_Ranking_Morfologi.xlsx', 

index=False) 

 
#1 
import random 
import pandas as pd 
import numpy as np 

 
# Read the data needed 
file_path2 = 'Morfologi.xlsx' 

 
def read_sample_code_data(file_path2): 
    df = pd.read_excel(file_path2, 

sheet_name="MORFOLOGI_EX") 
    return df 

 
def read_questionnaire_results(file_path2): 
    df = pd.read_excel(file_path2, 

sheet_name="MORFOLOGI_EX") 
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    return df 

 
def get_standard_deviation(data, design_element): 
    return data[data['DesignElement'] == 

design_element]['StandardDeviation'].iloc[0] 

 
# Define the design elements and their options 
materials = ['Alu. Foil - PE', 'Tinplate', 'PET - PE', 

'Paperboard - Alu. foil - PE', 'Paperboard',  'Kraft Paper-

PE', 'Duplex', 'Ivory'] 
shapes = ['Rounded edge Block', 'Rounded - edge cannister', 

'Standing Pouch', 'Four Seal', 'Center Seal', 'Cylinder', 

'FB - Cube', 'FB - High Vertical Tuck', 'FB - Slim Vertical 

Tuck', 'FB - Standard', 'FB - Mini Vertical', 'FB - 

Horizontal Sleeve', 'FB - Thick Box', 'FB - Custom Crease 

Line', 'FB - Angled Top Box', 'FB - Flat Bottom', 'FB - 

Triangle Shape', 'FB - Prismatik Trapezoidal', 'FB - Pyramid 

Pack', 'FB - Hexagonal Shape', 'FB - Custom Leaf Shape'] 
lids = ['Hinged Lid', 'Magnet Lid','Dome Lid', 'Screw Lid', 

'Two Piece - Short', 'Two Piece - Medium', 'Two Piece - 

High','Tuck Top + Auto Lock','Straight Tuck End', 'Reverse 

Tuck End', 'Clamp Lock', 'Sequential Panel Flap', 'Glue', 

'Sealer'] 
material_primers = ['No Primer Material', 'Tea Bag', 'Paper 

and Tea Bag', 'Alu Foil'] 
features = ['Finishing Emboss', 'Print Area', 'Hanging', 

'Partisi / Sekat', 'Paper Seal', 'Double Lock', 'Dispensing 

Hole - Oval', 'Dispensing Hole - Triangle', 'Dispensing Hole 

- Square', 'Ziplock', 'Ziplock + Tear Notch', 'Ziplock + 

Tear Notch + Paper Seal', 'Ziplock + Hanging Hole', 'Ziplock 

+ Finishing Emboss', 'Ziplock + Window Square + Spoon + 

Paper Seal', 'Window Square', 'Window Oval', 'Window 

Pentagon', 'Window Ornamental Shape', 'Window Teapot Shape', 

'No feature'] 
volumes = ['Small', 'Medium','Large'] 
style_designs = ['Minimalis', 'Simple', 'Elegant', 

'Klasik/Vintage', 'Early Modern', 'Modern', 'Illustratif', 

'Cheerfull/Colorfull'] 
colors = ['Neutral', 'Natural','Complementer', 'Warm Tone', 

'Cool Tone'] 
surface_designs = ['Direct Printing', 'Label Sticker'] 

 
design_value = { 
    'material': 1, 
    'shape': 5, 
    'lid': 6, 
    'material_primer': 3, 
    'feature': 4, 
    'volume': 7, 
    'style_design': 2, 
    'color': 8, 
    'surface_design': 9 
} 
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# Genetic Algorithm Parameters 
population_size = 100 
mutation_rate = 0.1 
num_generations = 50 

 
# Define a function to calculate the fitness of a design 
def calculate_fitness(design): 
    # Calculate the similarity score for each design element 
    material_similarity = 1 if design['material'] == 

design_value['material'] else 0 
    shape_similarity = 1 if design['shape'] == 

design_value['shape'] else 0 
    lid_similarity = 1 if design['lid'] == 

design_value['lid'] else 0 
    material_primer_similarity = 1 if 

design['material_primer'] == design_value['material_primer'] 

else 0 
    feature_similarity = 1 if design['feature'] == 

design_value['feature'] else 0 
    volume_similarity = 1 if design['volume'] == 

design_value['volume'] else 0 
    style_design_similarity = 1 if design['style_design'] == 

design_value['style_design'] else 0 
    color_similarity = 1 if design['color'] == 

design_value['color'] else 0 
    surface_design_similarity = 1 if 

design['surface_design'] == design_value['surface_design'] 

else 0 
    
    # Calculate the total fitness as the sum of similarities 
    total_similarity = (material_similarity + 

shape_similarity + lid_similarity + 

material_primer_similarity + 
                        feature_similarity + 

volume_similarity + style_design_similarity + 

color_similarity + surface_design_similarity) 
    return total_similarity 

 
# Define a function to create a random design 
def create_random_design(): 
    return { 
        'material': random.randint(0, len(materials) - 1), 
        'shape': random.randint(0, len(shapes) - 1), 
        'lid': random.randint(0, len(lids) - 1), 
        'material_primer': random.randint(0, 

len(material_primers) - 1), 
        'feature': random.randint(0, len(features) - 1), 
        'volume': random.randint(0, len(volumes) - 1), 
        'style_design': random.randint(0, len(style_designs) 

- 1), 
        'color': random.randint(0, len(colors) - 1), 
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        'surface_design': random.randint(0, 

len(surface_designs) - 1) 
    } 

 
# Define a function to perform crossover between two designs 
def crossover(design1, design2): 
    new_design = {} 
    for key in design1.keys(): 
        # Randomly select a parent's value for each design 

element 
        new_design[key] = design1[key] if random.random() < 

0.5 else design2[key] 
    return new_design 

 
# Define a function to apply mutation to a design 
def mutate(design): 
    for key in design.keys(): 
        if random.random() < mutation_rate: 
            # Randomly change the value of a design element 
            if key == 'material': 
                design[key] = random.randint(0, 

len(materials) - 1) 
            elif key == 'shape': 
                design[key] = random.randint(0, len(shapes) 

- 1) 
            elif key == 'lid': 
                design[key] = random.randint(0, len(lids) - 

1) 
            elif key == 'material_primer': 
                design[key] = random.randint(0, 

len(material_primers) - 1) 
            elif key == 'feature': 
                design[key] = random.randint(0, 

len(features) - 1) 
            elif key == 'volume': 
                design[key] = random.randint(0, len(volumes) 

- 1) 
            elif key == 'style_design': 
                design[key] = random.randint(0, 

len(style_designs) - 1) 
            elif key == 'color': 
                design[key] = random.randint(0, len(colors) 

- 1) 
            elif key == 'surface_design': 
                design[key] = random.randint(0, 

len(surface_designs) - 1) 
    return design 

 
def genetic_algorithm(): 
    population = [create_random_design() for _ in 

range(population_size)] 
    
    for generation in range(num_generations): 
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        fitness_scores = [calculate_fitness(design) for 

design in population] 
        
        # Selection 
        selected_designs = [] 
        for _ in range(population_size): 
            selected_designs.append(random.choices(populatio

n, weights=fitness_scores)[0]) 
        
        # Crossover and mutation 
        next_generation = [] 
        for i in range(0, population_size, 2): 
            design1 = selected_designs[i] 
            design2 = selected_designs[i + 1] 
            child_design = crossover(design1, design2) 
            next_generation.append(child_design) 
        
        next_generation = [mutate(design) for design in 

next_generation] 
        population = next_generation 
    
    best_design = max(population, key=calculate_fitness) 
    return best_design 

 
#Run the genetic algorithm 
best_design = genetic_algorithm() 

 
#Print the best design 
print("Best Design:") 
print("Material:", materials[best_design['material']]) 
print("Shape:", shapes[best_design['shape']]) 
print("Lid:", lids[best_design['lid']]) 
print("Material Primer:", 

material_primers[best_design['material_primer']]) 
print("Feature:", features[best_design['feature']]) 
print("Volume:", volumes[best_design['volume']]) 
print("Style Design:", 

style_designs[best_design['style_design']]) 
print("Color:", colors[best_design['color']]) 
print("Surface Design:", 

surface_designs[best_design['surface_design']]) 
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Lampiran 6. Rank Koefisien Konsep Exclusive 

 

Lampiran 7. Rank Koefisien Konsep Practical. 

Ranking Koefisien Berdasarkan Atribut (rata-rata koefisien 

dummy): 

 
           Atribut  Koefisien  Rank Koefisien 
0            Color   0.202764               8 
1          Feature   0.431997               4 
2              Lid   0.320210               6 
3         Material   0.309628               7 
4  Material_Primer   0.429509               5 
5            Shape   0.442505               3 
6     Style_Design   0.679042               2 
7   Surface_Design   0.083487               9 
8           Volume   0.686701               1 
Best Design: 
Material: Ivory 
Shape: FB - Cube 
Lid: Magnet Lid 
Material Primer: Paper and Tea Bag 
Feature: Paper Seal 
Volume: Medium 
Style Design: Klasik/Vintage 
Color: Natural 
Surface Design: Direct Printing 
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Lampiran 8 Data Responden. 

Email Nama 
Usi

a 

MOCK 

UP 1 

MOCK 

UP 2 

aripsaputra381@gmail.com 
Arip 

Saputra 

22-

26 

Exclusi

ve 
Practice 

pnst122@gmail.com Lily 
22-

26 

Exclusi

ve 
Practice 

zahraafauziiiah@gmail.com Zahra 
22-

26 

Exclusi

ve 
Practice 

fathan.hanan.rizky.arrayan.te22@mhsw

.pnj.ac.id 

Fathan 

Hanan 

Rizky 

Arrayan  

22-

26 

Exclusi

ve 
Practice 

Ramlansentosa145@gmail.com 
Ramlan 

Sentosa 

22-

26 

Exclusi

ve 

Exclusi

ve 

ardy.surya.wijayanto.tgp22@mhsw.pnj.

ac.id 

Ardy 

Surya 

Wijayant

o 

22-

26 

Exclusi

ve 
Practice 

Ramlansentosa51 
Ramlan 

Sentosa 

22-

26 

Exclusi

ve 
Practice 

fadhillahfathan69@gmail.com 

Muhama

d 

Fadhilah 

Fathan 

22-

26 

Exclusi

ve 
Practice 

dewifaradila234@gmail.com Dewi 
22-

26 
Practice 

Exclusi

ve 

fadilladewi028@gmail.com Dilla 
22-

26 

Exclusi

ve 

Exclusi

ve 

adityaptrw41@gmail.com 

Aditya 

Putra 

Wibowo 

22-

26 

Exclusi

ve 
Practice 

zephyrusfilotimo@gmail.com 

Auga 

Ramadha

n 

22-

26 

Exclusi

ve 
Practice 

Hubaediy051k@gmail.com 
Ahmad 

hubaedi 

22-

26 

Exclusi

ve 
Practice 

nowyoushit@gmail.com 
Sekar 

Kinasih 

22-

26 

Exclusi

ve 
Practice 
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180101073.mhs@uinmataram.ac.id 
Ahmad 

hubaedi 

22-

26 

Exclusi

ve 
Practice 

rozaanggara5@gmail.com 
Roza 

Anggara 

27-

31 

Exslusi

ve 
Practice 

Fikriymuhammad24@gmail.com 

Muhamm

ad 

zulfikri 

22-

26 

Exclusi

ve 
Practice 

elgahadiarta12@gmail.com 
Elga 

Hadiarta  

22-

26 

Exclusi

ve 
Practice 

novia.andri.yanti.tgp22@mhsw.pnj.ac.i

d 

NOVIA 

ANDRI 

YANTI  

22-

26 

Exclusi

ve 
Practice 

Aprilananta989@gmail.com 
Aprilio 

bagus 

22-

26 

Exclusi

ve 
Practice 

sirojibnunasri95@gmail.com 
Akhmad 

Sirajudin  

27-

31 

Exclusi

ve 
Practice 

sirojibnunasri95@gmail.com 
Akhmad 

Sirajudin  

27-

31 

Exclusi

ve 
Practice 

rasyidhakim7171826@gmail.com Rasyid  
22-

26 
Practice 

Exclusi

ve 

lendianberdi@gmail.com Akhyar 
22-

26 

Exclusi

ve 
Practice 

awalibismillah204@gmail.com Trio 
22-

26 

Exclusi

ve 
Practice 

rezwandari.andela.putri.tgp22@mhsw.p

nj.ac.id 

Rezwand

ari 

18-

21 

Exclusi

ve 
Practice 

sellaarachman@gmail.com 

sella 

alisya 

rachman 

18-

21 

Exclusi

ve 
Practice 

selliarh@gmail.com Selli 
18-

21 

Exclusi

ve 
Practice 

rifqiromadhan206@gmail.com 

Rifqi 

Romadha

n 

18-

21 

Exclusi

ve 
Practice 

sialanbabi992@gmail.com 

Nur 

Hasanah 

Rohmat 

Hidayat  

22-

26 

Exclusi

ve 
Practice 

luthfiaamini0@gmail.com Luthfia 
18-

21 

Exclusi

ve 
Practice 
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rabbanidwi672@gmail.com 

Rabbani 

Dwi 

Pasha 

Samudra 

18-

21 

Exclusi

ve 
Practice 

sonyhamzah97@gmail.com 
sony 

hamzah 

27-

31 

Exclusi

ve 
Practice 

ajarey338@gmail.com Rey 
22-

26 

Exclusi

ve 
Practice 

nowyoushit@gmail.com 

Sinta 

Dewi 

Rahma  

22-

26 

Exclusi

ve 
Practice 

nowyoushit@gmail.com 
Cinta 

Ayu  

22-

26 

Exclusi

ve 
Practice 

nowyoushit@gmail.com Silviana  
22-

26 

Exclusi

ve 
Practice 

sialanbabi992@gmail.com Debby  
18-

21 

Exclusi

ve 
Practice 

sialanbabi992@gmail.com 
Novan 

Wijaya 

22-

26 

Exclusi

ve 
Practice 

sialanbabi992@gmail.com 
Anggi 

Gusti  

27-

31 

Exclusi

ve 
Practice 

thaliasalsabila470@gmail.com 
Marisha 

Nabila 

22-

26 

Exclusi

ve 
Practice 

thaliasalsabila470@gmail.com 

Afif 

Fiesta 

Wiradana  

22-

26 

Exclusi

ve 
Practice 

thaliasalsabila470@gmail.com Andhika  
27-

31 

Exclusi

ve 
Practice 

Fauz11an@gmail.com Fauzan N 
18-

21 

Exclusi

ve 
Practice 

Sintanurhayati@gmail.com 
Sinta Nur 

H 

27-

31 

Exclusi

ve 
Practice 

FahmiAndra23@gmail.com 
Fahmi 

Andra  

22-

26 

Exclusi

ve 
Practice 

fajarsurya1245@gmail.com 
Fajarsury

a 

22-

26 

Exclusi

ve 
Practice 

nurrohmat.12@gmail.com 

Nur 

Hasanah 

Rohmat  

22-

26 

Exclusi

ve 
Practice 
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anggiananda@gmail.com 
Anggi 

Ananda  

18-

21 

Exclusi

ve 
Practice 

Sukmawati12ha@gmail.com 
Sukma 

Wati  

22-

26 

Exclusi

ve 
Practice 

Raihan_q1@gmail.com 
Raihan 

Aditya 

22-

26 

Exclusi

ve 
Practice 

Riska_kh89@gmail.com 

Riska 

Khairunn

isa  

22-

26 

Exclusi

ve 
Practice 

nunuarya@gmail.com 
Arya 

Wisnu 

18-

21 

Exclusi

ve 
Practice 

 

Lampiran 9. Diagram Penilaian Responden 
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Lampiran 10. Source Code Genetic Algorithm-Backpropagation Neural Network 

==============================================================

=== 

PERBANDINGAN GA vs ANFIS - EVALUASI DESAIN KEMASAN TEH 

==============================================================

=== 

Metode Utama   : GA (Genetic Algorithm) dan ANFIS 

Metode Bantu   : GA-BPNN (hanya sebagai alat bantu prediksi 

                 untuk evaluasi performa elemen per konsep) 

 

Input  (X)     : 9 elemen morfologi (kode numerik) 

Target (Y)     : Mean skor responden per sampel 

Konsep         : Eksklusif & Praktis 

 

Output Excel   : 9 Sheet (+ 1 sub-sheet) 

  Sheet 1  - Data Input (morfologi + label) 

  Sheet 2  - Hasil Prediksi ANFIS (66 sampel) 

  Sheet 3  - Hasil Prediksi GA (66 sampel) 

  Sheet 4  - Evaluasi Elemen per Konsep - Eksklusif 

             (skor GA-BPNN sebagai referensi per elemen) 

  Sheet 5  - Evaluasi Elemen per Konsep - Praktis 

  Sheet 6  - Konsep Terbaik ANFIS vs GA (dari file 

element_konsep) 

  Sheet 7  - Perbandingan Akurasi GA vs ANFIS (RMSE, MAE, 

MAPE) 

  Sheet 8  - Hasil GA & ANFIS Gabungan (tanpa label 

Eksklusif/Praktis, 

             target = rata-rata y_ek dan y_pr) 

  Sheet 9  - Tabel Performa (Metode | Elemen terpilih | Nilai 

Performa) 

             Format seperti Tabel 4.8 pada laporan 

==============================================================

=== 

""" 

 

import os, random, warnings 

import numpy as np 

import pandas as pd 

from sklearn.preprocessing import MinMaxScaler 

from sklearn.cluster import KMeans 

from openpyxl import load_workbook 

from openpyxl.styles import Font, PatternFill, Alignment, 

Border, Side 

from openpyxl.utils import get_column_letter 

 

warnings.filterwarnings("ignore") 

np.random.seed(42) 

random.seed(42) 

 

# --- PATH FILE ----------------------------------------------

--- 

_DIR = os.path.dirname(os.path.abspath(__file__)) 

 

PATH_MORFOLOGI    = 

r"C:\Users\User\OneDrive\Documents\Morfologi.xlsx" 
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PATH_EKSKLUSIF    = 

r"C:\Users\User\OneDrive\Documents\Responden eksklusif.xlsx" 

PATH_PRAKTIS      = 

r"C:\Users\User\OneDrive\Documents\responden praktis.xlsx" 

PATH_KONSEP_EK    = r"C:\Users\User\OneDrive\Documents\element 

konsep ekslusif.xlsx" 

PATH_KONSEP_PR    = r"C:\Users\User\OneDrive\Documents\elemen 

konsep practice.xlsx" 

PATH_OUTPUT       = 

r"C:\Users\User\Documents\hasil_GA_vs_ANFIS.xlsx" 

 

 

# --- NAMA KOLOM ---------------------------------------------

--- 

CODE_COLS  = ["Material", "Bentuk.1", "Tutup.1", "Material 

Primer.1", 

              "Fitur.1", "Ukuran.1", "Gaya Desain.1", 

"Warna.1", "Printing.1"] 

LABEL_COLS = ["Material Sekunder", "Bentuk", "Tutup", 

"Material Primer", 

              "Fitur", "Ukuran", "Gaya Desain", "Warna", 

"Printing"] 

ELEM_NAMES = ["Material Sekunder", "Bentuk / Shape", "Tutup / 

Lid", 

              "Material Primer", "Fitur / Feature", "Ukuran / 

Volume", 

              "Gaya Desain / Style", "Warna / Color", 

"Printing / Surface"] 

 

 

# 

==============================================================

== 

# A. LOAD DATA 

# 

==============================================================

== 

 

def load_morfologi(): 

    df = pd.read_excel(PATH_MORFOLOGI, sheet_name="BREAKDOWN 

SAMPEL") 

    X      = df[CODE_COLS].values.astype(float)           # 

(66, 9) 

    labels = df[LABEL_COLS].copy().reset_index(drop=True) # 

label teks 

    sampel = df["Sampel"].values 

    return sampel, X, labels 

 

 

def load_mean_y(path, sheet): 

    df   = pd.read_excel(path, sheet_name=sheet) 

    mask = df["Unnamed: 0"] == "Mean" 

    cols = [c for c in df.columns if c != "Unnamed: 0"] 

    return df.loc[mask, cols].values.flatten().astype(float)  

# (66,) 
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def load_konsep(path, method_col): 

    df = pd.read_excel(path) 

    # Kolom label teks 

    text_cols = ["Materials", "Shape ", "Lid", "Prim 

Material", 

                 "Feature", "Volume", "Style Design ", 

"Color", "Surface Design"] 

    # Kolom kode numerik (kolom .1) 

    num_cols  = ["Materials.1", "Shape .1", "Lid.1", "Prim 

Material.1", 

                 "Feature.1", "Volume.1", "Style Design .1", 

"Color.1", "Surface Design.1"] 

    out = {} 

    for _, row in df.iterrows(): 

        m = row[method_col] 

        out[str(m)] = { 

            "label": {ec: row[tc] for ec, tc in 

zip(ELEM_NAMES, text_cols)}, 

            "code":  {ec: int(row[nc]) for ec, nc in 

zip(ELEM_NAMES, num_cols)}, 

        } 

    return out 

 

 

# 

==============================================================

== 

# B. METRIK EVALUASI 

# 

==============================================================

== 

 

def rmse(yt, yp): return float(np.sqrt(np.mean((yt - yp) ** 

2))) 

def mae(yt, yp):  return float(np.mean(np.abs(yt - yp))) 

def mape(yt, yp): 

    eps = 1e-8 

    return float(np.mean(np.abs((yt - yp) / (np.abs(yt) + 

eps))) * 100) 

 

 

# 

==============================================================

== 

# C. ANFIS  (Sugeno-style: K-Means cluster + WLS consequent) 

# 

==============================================================

== 

 

class ANFIS: 

    """ 

    ANFIS sederhana berbasis clustering: 

    - Pusat rule dari K-Means 

    - Gaussian MF per input 

    - Consequent linear via Weighted Least Squares 
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    - Training iteratif (hybrid: LSE forward + gradient 

descent backward) 

    """ 

    def __init__(self, n_rules=12, lr=0.02, epochs=200): 

        self.n_rules = n_rules 

        self.lr      = lr 

        self.epochs  = epochs 

 

    # -- inisialisasi MF dari K-Means ------------------------

---- 

    def _init_mf(self, X): 

        km = KMeans(n_clusters=self.n_rules, random_state=42, 

n_init=15) 

        km.fit(X) 

        self.centers = km.cluster_centers_.copy()   # (R, 

n_in) 

        # Sigma: setengah jarak ke centroid terdekat 

        R = self.n_rules 

        dists = np.linalg.norm( 

            self.centers[:, None, :] - self.centers[None, :, 

:], axis=2 

        ) 

        np.fill_diagonal(dists, np.inf) 

        sigma_r = dists.min(axis=1) / np.sqrt(2)   # (R,) 

        self.sigmas = np.tile( 

            np.clip(sigma_r, 0.05, 5.0).reshape(-1, 1), 

            (1, X.shape[1]) 

        )                                            # (R, 

n_in) 

 

    # -- hitung derajat aktifasi rule ------------------------

---- 

    def _firing(self, X): 

        # X: (N, n_in) 

        # MF: (N, R) 

        diff = X[:, None, :] - self.centers[None, :, :]     # 

(N,R,n_in) 

        gauss = np.exp(-(diff ** 2) / (2 * self.sigmas ** 2 + 

1e-10)) 

        w = gauss.prod(axis=2)                               # 

(N, R) 

        w_sum = w.sum(axis=1, keepdims=True) 

        wbar  = w / (w_sum + 1e-10)                         # 

(N, R) normalized 

        return w, wbar 

 

    # -- forward pass: hitung output -------------------------

---- 

    def _forward(self, X): 

        _, wbar = self._firing(X) 

        N, n_in = X.shape 

        Xe = np.hstack([X, np.ones((N, 1))])                # 

(N, n_in+1) 

        # f_r = Xe @ conseq_r  -> (N, R) 

        f   = Xe @ self.conseq.T                             # 

(N, R) 
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        out = (wbar * f).sum(axis=1)                         # 

(N,) 

        return out, wbar, f 

 

    # -- LSE untuk consequent params -------------------------

---- 

    def _lse_consequent(self, X, y): 

        N, n_in = X.shape 

        _, wbar = self._firing(X) 

        Xe  = np.hstack([X, np.ones((N, 1))])               # 

(N, n_in+1) 

        Phi = np.zeros((N, self.n_rules * (n_in + 1))) 

        for r in range(self.n_rules): 

            c = slice(r * (n_in + 1), (r + 1) * (n_in + 1)) 

            Phi[:, c] = wbar[:, r:r+1] * Xe 

        theta, _, _, _ = np.linalg.lstsq(Phi, y, rcond=None) 

        self.conseq = theta.reshape(self.n_rules, n_in + 1) 

 

    # -- gradient descent untuk premise params (centers, 

sigmas) - 

    def _gd_step(self, X, y): 

        N, n_in = X.shape 

        out, wbar, f = self._forward(X) 

        err = y - out                                        # 

(N,) 

 

        w, _ = self._firing(X) 

        w_sum = w.sum(axis=1, keepdims=True)                 # 

(N,1) 

 

        for r in range(self.n_rules): 

            wr   = w[:, r]                                   # 

(N,) 

            fbar = (wbar * f).sum(axis=1)                    # 

(N,) 

            fr   = f[:, r]                                   # 

(N,) 

 

            # dE/dwbar_r = err * (fr - fbar) 

            d_wbar = err * (fr - fbar)                       # 

(N,) 

 

            # dwbar_r/dw_r = (w_sum - wr) / w_sum2 

            d_w = d_wbar * (w_sum.flatten() - wr) / 

(w_sum.flatten() ** 2 + 1e-10) 

 

            diff = X - self.centers[r]                       # 

(N, n_in) 

            for j in range(n_in): 

                gauss_rj = np.exp( 

                    -(diff[:, j] ** 2) / (2 * self.sigmas[r, 

j] ** 2 + 1e-10) 

                ) 

                prod_others = wr / (gauss_rj + 1e-10) 

 

                d_gauss = d_w * prod_others 
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                # grad center 

                gc = (d_gauss * gauss_rj 

                      * diff[:, j] / (self.sigmas[r, j] ** 2 + 

1e-10)).mean() 

                # grad sigma 

                gs = (d_gauss * gauss_rj 

                      * diff[:, j] ** 2 

                      / (self.sigmas[r, j] ** 3 + 1e-

10)).mean() 

 

                self.centers[r, j] += self.lr * gc 

                self.sigmas[r, j]  += self.lr * gs 

                self.sigmas[r, j]   = np.clip(self.sigmas[r, 

j], 0.01, 10.0) 

 

    # -- fit -------------------------------------------------

---- 

    def fit(self, X, y): 

        self._init_mf(X) 

        n_in = X.shape[1] 

        self.conseq = np.zeros((self.n_rules, n_in + 1)) 

 

        best_loss = np.inf 

        best_c    = self.centers.copy() 

        best_s    = self.sigmas.copy() 

        best_q    = self.conseq.copy() 

 

        for ep in range(self.epochs): 

            self._lse_consequent(X, y) 

            self._gd_step(X, y) 

            loss = np.mean((y - self._forward(X)[0]) ** 2) 

            if loss < best_loss: 

                best_loss = loss 

                best_c    = self.centers.copy() 

                best_s    = self.sigmas.copy() 

                best_q    = self.conseq.copy() 

 

        self.centers = best_c 

        self.sigmas  = best_s 

        self.conseq  = best_q 

 

    def predict(self, X): 

        return self._forward(X)[0] 

 

 

# 

==============================================================

== 

# D. GA  (Genetic Algorithm -> optimalkan bobot vektor) 

# 

==============================================================

== 

#  Representasi kromosom: vektor real parameter fungsi 

agregasi 

#  linear berbobot -> y_pred = sigmoid(X_sc @ w + b) * scale 

#  GA mengoptimalkan w (9 bobot) + b (bias) = 10 parameter 
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#  - representasi sederhana agar interpretatif & perbandingan 

fair 

 

class GARegressor: 

    """ 

    GA murni untuk regresi: 

    - Kromosom : [w1..w9, b] (10 parameter model linear-

sigmoid) 

    - Fitness  : RMSE pada data training 

    - Operator : Tournament selection, SBX crossover, Gaussian 

mutation 

    """ 

    def __init__(self, pop_size=150, generations=500, 

                 cx_prob=0.85, mut_prob=0.20, eta_c=5, 

eta_m=10, 

                 tournament_k=5): 

        self.pop_size     = pop_size 

        self.generations  = generations 

        self.cx_prob      = cx_prob 

        self.mut_prob     = mut_prob 

        self.eta_c        = eta_c       # distribusi index SBX 

        self.eta_m        = eta_m       # distribusi index 

mutasi 

        self.tournament_k = tournament_k 

        self.n_params     = None 

        self.best_ind     = None 

        self.lb = -3.0 

        self.ub =  3.0 

 

    # -- model: linear-sigmoid -- 

    def _predict_raw(self, X, ind): 

        w = ind[:9] 

        b = ind[9] 

        z = X @ w + b 

        return 1.0 / (1.0 + np.exp(-np.clip(z, -500, 500))) 

 

    def _fitness(self, X, y, ind): 

        yp = self._predict_raw(X, ind) 

        return float(np.sqrt(np.mean((y - yp) ** 2))) 

 

    # -- SBX crossover -- 

    def _sbx(self, p1, p2): 

        c1, c2 = p1.copy(), p2.copy() 

        for i in range(len(p1)): 

            if random.random() < 0.5: 

                u = random.random() 

                beta = (2 * u) ** (1.0 / (self.eta_c + 1)) if 

u <= 0.5 \ 

                       else (1.0 / (2 * (1 - u))) ** (1.0 / 

(self.eta_c + 1)) 

                c1[i] = 0.5 * ((1 + beta) * p1[i] + (1 - beta) 

* p2[i]) 

                c2[i] = 0.5 * ((1 - beta) * p1[i] + (1 + beta) 

* p2[i]) 

        return np.clip(c1, self.lb, self.ub), np.clip(c2, 

self.lb, self.ub) 
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    # -- polynomial mutation -- 

    def _mutate(self, ind): 

        child = ind.copy() 

        for i in range(len(child)): 

            if random.random() < self.mut_prob: 

                u = random.random() 

                delta = ((2 * u) ** (1.0 / (self.eta_m + 1)) - 

1) if u < 0.5 \ 

                        else (1 - (2 * (1 - u)) ** (1.0 / 

(self.eta_m + 1))) 

                child[i] = np.clip(child[i] + delta, self.lb, 

self.ub) 

        return child 

 

    # -- tournament selection -- 

    def _tournament(self, pop, fits): 

        idx = np.random.choice(len(pop), self.tournament_k, 

replace=False) 

        return pop[idx[np.argmin(np.array(fits)[idx])]] 

 

    # -- training utama -- 

    def fit(self, X, y): 

        self.n_params = 10 

        pop   = np.random.uniform(self.lb, self.ub, 

(self.pop_size, self.n_params)) 

        fits  = [self._fitness(X, y, ind) for ind in pop] 

 

        best_fit = np.inf 

        self.best_ind = pop[np.argmin(fits)] 

 

        for gen in range(self.generations): 

            order = np.argsort(fits) 

            pop, fits = pop[order], [fits[i] for i in order] 

 

            if fits[0] < best_fit: 

                best_fit      = fits[0] 

                self.best_ind = pop[0].copy() 

 

            n_elite = max(4, self.pop_size // 10) 

            new_pop = list(pop[:n_elite]) 

 

            while len(new_pop) < self.pop_size: 

                p1 = self._tournament(pop, fits) 

                p2 = self._tournament(pop, fits) 

                if random.random() < self.cx_prob: 

                    c1, c2 = self._sbx(p1, p2) 

                else: 

                    c1, c2 = p1.copy(), p2.copy() 

                new_pop.append(self._mutate(c1)) 

                if len(new_pop) < self.pop_size: 

                    new_pop.append(self._mutate(c2)) 

 

            pop  = np.array(new_pop) 

            fits = [self._fitness(X, y, ind) for ind in pop] 
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    def predict(self, X): 

        return self._predict_raw(X, self.best_ind) 

 

 

# 

==============================================================

== 

# E. GA-BPNN  (alat bantu evaluasi elemen per konsep) 

# 

==============================================================

== 

 

class GABPNN: 

    """ 

    GA-BPNN: GA mengoptimalkan bobot awal BPNN (9->15->1). 

    Digunakan hanya untuk menghasilkan skor per elemen 

morfologi. 

    """ 

    def __init__(self, n_hidden=15, pop_size=80, 

generations=150, 

                 mut_rate=0.15, cx_rate=0.80): 

        self.n_hidden    = n_hidden 

        self.pop_size    = pop_size 

        self.generations = generations 

        self.mut_rate    = mut_rate 

        self.cx_rate     = cx_rate 

        self.best_w      = None 

        self._n_in       = 9 

        # parameter count: (9+1)*15 + (15+1)*1 

        self.n_params = (self._n_in + 1) * n_hidden + 

(n_hidden + 1) 

 

    def _predict_raw(self, X, w): 

        n1 = (self._n_in + 1) * self.n_hidden 

        W1 = w[:self._n_in * 

self.n_hidden].reshape(self._n_in, self.n_hidden) 

        b1 = w[self._n_in * self.n_hidden : n1] 

        W2 = w[n1 : n1 + self.n_hidden].reshape(self.n_hidden, 

1) 

        b2 = w[n1 + self.n_hidden:] 

        H  = np.tanh(X @ W1 + b1) 

        return (H @ W2 + b2).flatten() 

 

    def _fitness(self, X, y, w): 

        return float(np.mean((y - self._predict_raw(X, w)) ** 

2)) 

 

    def _tourn(self, pop, scores, k=3): 

        idx = np.random.choice(len(pop), k, replace=False) 

        return pop[idx[np.argmin(scores[idx])]] 

 

    def fit(self, X, y): 

        pop   = np.random.uniform(-1.5, 1.5, (self.pop_size, 

self.n_params)) 

        scores= np.array([self._fitness(X, y, w) for w in 

pop]) 
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        best_s = np.inf 

        self.best_w = pop[np.argmin(scores)].copy() 

 

        for _ in range(self.generations): 

            order = np.argsort(scores) 

            pop, scores = pop[order], scores[order] 

            if scores[0] < best_s: 

                best_s      = scores[0] 

                self.best_w = pop[0].copy() 

 

            n_elite  = max(2, self.pop_size // 8) 

            new_pop  = list(pop[:n_elite]) 

            while len(new_pop) < self.pop_size: 

                p1 = self._tourn(pop, scores) 

                p2 = self._tourn(pop, scores) 

                if random.random() < self.cx_rate: 

                    pt    = random.randint(1, self.n_params - 

1) 

                    child = np.concatenate([p1[:pt], p2[pt:]]) 

                else: 

                    child = p1.copy() 

                mask         = np.random.rand(self.n_params) < 

self.mut_rate 

                child[mask] += np.random.normal(0, 0.2, 

mask.sum()) 

                new_pop.append(np.clip(child, -3, 3)) 

            pop    = np.array(new_pop) 

            scores = np.array([self._fitness(X, y, w) for w in 

pop]) 

 

    def predict(self, X): 

        return self._predict_raw(X, self.best_w) 

 

 

# 

==============================================================

== 

# F. EVALUASI ELEMEN PER KONSEP 

# 

==============================================================

== 

 

def eval_elemen(X_raw, labels, pred_gabpnn, konsep_name): 

    """ 

    Untuk setiap elemen morfologi, hitung rata-rata skor 

prediksi 

    GA-BPNN per kode tipe. Tambahkan label teks. 

    """ 

    rows = [] 

    for ei, ename in enumerate(ELEM_NAMES): 

        codes = X_raw[:, ei].astype(int) 

        for code in sorted(np.unique(codes)): 

            mask = codes == code 

            label_val = labels.iloc[np.where(mask)[0][0], ei] 

            rows.append({ 
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                "Elemen": ename, 

                "Kode Tipe": code, 

                "Nama Tipe": str(label_val), 

                "N Sampel": int(mask.sum()), 

                "Skor Performa (GA-BPNN)": 

round(float(pred_gabpnn[mask].mean()), 4), 

            }) 

    return pd.DataFrame(rows) 

 

 

# 

==============================================================

== 

# G. CETAK TABEL PERBANDINGAN AKURASI 

# 

==============================================================

== 

 

def print_tabel_akurasi(all_metrics, n_train, n_test): 

    """ 

    Mencetak tabel perbandingan akurasi GA vs ANFIS ke 

terminal 

    dengan format tabel ASCII yang rapi. 

    """ 

    headers = ["Konsep", "Metode", "Crisp Output", "RMSE", 

"MAE", "MAPE (%)",] 

    col_w   = [12, 8, 14, 10, 10, 10] 

 

    def _row(vals): 

        return "|" + "|".join(f" {str(v):<{w-1}}" for v, w in 

zip(vals, col_w)) + "|" 

 

    sep      = "+" + "+".join("-" * w for w in col_w) + "+" 

    sep_bold = "+" + "+".join("=" * w for w in col_w) + "+" 

 

    print() 

    print("=" * 65) 

    print("  PERBANDINGAN AKURASI  :  GA  vs  ANFIS") 

    print("=" * 65) 

    print(sep) 

    print(_row(headers)) 

    print(sep_bold) 

 

    for konsep in ["Eksklusif", "Praktis"]: 

        first = True 

        for method in ["GA", "ANFIS"]: 

            m  = all_metrics[konsep][method] 

            co = m.get("Crisp Output", "-") 

            row_vals = [ 

                konsep if first else "", 

                method, 

                f"{co:.5f}" if isinstance(co, float) else 

str(co), 

                f"{m['RMSE']:.4f}", 

                f"{m['MAE']:.4f}", 

                f"{m['MAPE']:.2f}%", 
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            ] 

            print(_row(row_vals)) 

            print(sep) 

            first = False 

 

    # Tandai metode terbaik (RMSE terkecil) per konsep 

    print() 

    for konsep in ["Eksklusif", "Praktis"]: 

        best_m = min(["GA", "ANFIS"], 

                     key=lambda m: 

all_metrics[konsep][m]["RMSE"]) 

        print(f"  * {konsep}: metode terbaik berdasarkan RMSE 

-> {best_m}") 

    print() 

 

 

def print_tabel_gabungan(metrics_gab, n_train, n_test): 

    """ 

    Mencetak tabel hasil GA & ANFIS untuk dataset gabungan 

    (tanpa label Eksklusif/Praktis). 

    """ 

    headers = ["Metode", "Crisp Output", "RMSE", "MAE", "MAPE 

(%)"] 

    col_w   = [8, 14, 10, 10, 10] 

 

    def _row(vals): 

        return "|" + "|".join(f" {str(v):<{w-1}}" for v, w in 

zip(vals, col_w)) + "|" 

 

    sep      = "+" + "+".join("-" * w for w in col_w) + "+" 

    sep_bold = "+" + "+".join("=" * w for w in col_w) + "+" 

 

    print() 

    print("=" * 65) 

    print("  HASIL GA vs ANFIS  :  DATASET GABUNGAN") 

    print("  (Target = rata-rata skor Eksklusif & Praktis)") 

    print("=" * 65) 

    print(sep) 

    print(_row(headers)) 

    print(sep_bold) 

 

    for method in ["GA", "ANFIS"]: 

        mg = metrics_gab[method] 

        row_vals = [ 

            method, 

            f"{mg['Crisp Output']:.5f}", 

            f"{mg['RMSE']:.4f}", 

            f"{mg['MAE']:.4f}", 

            f"{mg['MAPE']:.2f}%", 

             

        ] 

        print(_row(row_vals)) 

        print(sep) 
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    best_m = min(["GA", "ANFIS"], key=lambda m: 

metrics_gab[m]["RMSE"]) 

    print(f"\n  * Metode terbaik berdasarkan RMSE -> 

{best_m}\n") 

 

 

 

 

def main(): 

    print("=" * 65) 

    print("  GA vs ANFIS - Evaluasi Desain Kemasan Teh") 

    print("=" * 65) 

 

    # -- 1. Load data ----------------------------------------

-- 

    sampel, X, labels = load_morfologi() 

    y_ek  = load_mean_y(PATH_EKSKLUSIF, "Data Pelatihan yg ad 

average") 

    y_pr  = load_mean_y(PATH_PRAKTIS,   "Data Pelatihan + 

Average") 

    konsep_ek = load_konsep(PATH_KONSEP_EK, "Ekslusif.1") 

    konsep_pr = load_konsep(PATH_KONSEP_PR, "Practica.1") 

 

    N = len(sampel) 

    print(f"\nSampel: {N} | Fitur: {X.shape[1]}") 

    print(f"Y Eksklusif : {y_ek.min():.3f} - 

{y_ek.max():.3f}") 

    print(f"Y Praktis   : {y_pr.min():.3f} - 

{y_pr.max():.3f}") 

 

    # -- 2. Scaling & split 80/20 ----------------------------

-- 

    scX = MinMaxScaler() 

    X_sc = scX.fit_transform(X) 

 

    idx    = np.arange(N) 

    np.random.shuffle(idx) 

    n_tr   = int(0.8 * N) 

    tr_idx = idx[:n_tr] 

    te_idx = idx[n_tr:] 

    is_test = np.isin(idx, te_idx) 

    split_label = np.where(np.isin(np.arange(N), te_idx), 

"Testing", "Training") 

 

    all_preds   = {}   # {konsep: {method: pred_all_66}} 

    all_metrics = {}   # {konsep: {method: {rmse, mae, mape}}} 

 

    for konsep, y_raw in [("Eksklusif", y_ek), ("Praktis", 

y_pr)]: 

        print(f"\n{'-'*55}") 

        print(f"  Dataset: {konsep}") 

        print(f"{'-'*55}") 

 

        scY  = MinMaxScaler() 

        y_sc = scY.fit_transform(y_raw.reshape(-1, 

1)).flatten() 
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        # -- ANFIS -------------------------------------------

-- 

        print("  [1] Training ANFIS ...") 

        anfis = ANFIS(n_rules=12, lr=0.02, epochs=200) 

        anfis.fit(X_sc[tr_idx], y_sc[tr_idx]) 

        p_anfis_sc = np.clip(anfis.predict(X_sc), 0, 1) 

        p_anfis    = 

scY.inverse_transform(p_anfis_sc.reshape(-1, 1)).flatten() 

 

        # -- GA ----------------------------------------------

-- 

        print("  [2] Training GA ...") 

        ga = GARegressor(pop_size=150, generations=500) 

        ga.fit(X_sc[tr_idx], y_sc[tr_idx]) 

        p_ga_sc = np.clip(ga.predict(X_sc), 0, 1) 

        p_ga    = scY.inverse_transform(p_ga_sc.reshape(-1, 

1)).flatten() 

 

        # -- GA-BPNN (hanya untuk scoring elemen) ------------

-- 

        print("  [3] Training GA-BPNN (alat bantu evaluasi 

elemen) ...") 

        gabpnn = GABPNN(n_hidden=15, pop_size=80, 

generations=150) 

        gabpnn.fit(X_sc[tr_idx], y_sc[tr_idx]) 

        p_gabpnn_sc = gabpnn.predict(X_sc) 

        p_gabpnn    = 

scY.inverse_transform(p_gabpnn_sc.reshape(-1, 1)).flatten() 

 

        all_preds[konsep] = { 

            "ANFIS":   p_anfis, 

            "GA":      p_ga, 

            "GA-BPNN": p_gabpnn, 

        } 

 

        # -- Metrik: hanya pada data test --------------------

-- 

        yt = y_raw[te_idx] 

        for name, pred in [("ANFIS", p_anfis), ("GA", p_ga)]: 

            yp = pred[te_idx] 

            m  = {"RMSE": rmse(yt, yp), "MAE": mae(yt, yp), 

"MAPE": mape(yt, yp)} 

            all_metrics.setdefault(konsep, {})[name] = m 

            print(f"    {name:8s} -> RMSE={m['RMSE']:.4f} | 

MAE={m['MAE']:.4f}" 

                  f" | MAPE={m['MAPE']:.2f}%") 

 

    # -- 3. Crisp output GA & ANFIS --------------------------

-- 

    for konsep in ["Eksklusif", "Praktis"]: 

        for m in ["ANFIS", "GA"]: 

            co = all_preds[konsep][m].mean() 

            all_metrics[konsep][m]["Crisp Output"] = 

round(float(co), 5) 
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    # -- 3b. Training GA & ANFIS GABUNGAN (tanpa label konsep) 

---- 

    # Target gabungan = rata-rata skor eksklusif dan praktis 

per sampel 

    y_gab  = ((y_ek + y_pr) / 2.0) 

 

    print(f"\n{'='*55}") 

    print(f"  Dataset: GABUNGAN (rata-rata Eksklusif & 

Praktis)") 

    print(f"{'='*55}") 

    print(f"  Y Gabungan : {y_gab.min():.3f} - 

{y_gab.max():.3f}") 

 

    scY_gab  = MinMaxScaler() 

    y_gab_sc = scY_gab.fit_transform(y_gab.reshape(-1, 

1)).flatten() 

 

    print("  [1] Training ANFIS Gabungan ...") 

    anfis_gab = ANFIS(n_rules=12, lr=0.02, epochs=200) 

    anfis_gab.fit(X_sc[tr_idx], y_gab_sc[tr_idx]) 

    p_anfis_gab_sc = np.clip(anfis_gab.predict(X_sc), 0, 1) 

    p_anfis_gab    = scY_gab.inverse_transform( 

                         p_anfis_gab_sc.reshape(-1, 

1)).flatten() 

 

    print("  [2] Training GA Gabungan ...") 

    ga_gab = GARegressor(pop_size=150, generations=500) 

    ga_gab.fit(X_sc[tr_idx], y_gab_sc[tr_idx]) 

    p_ga_gab_sc = np.clip(ga_gab.predict(X_sc), 0, 1) 

    p_ga_gab    = scY_gab.inverse_transform( 

                      p_ga_gab_sc.reshape(-1, 1)).flatten() 

 

    # Metrik gabungan pada data test 

    yt_gab = y_gab[te_idx] 

    metrics_gab = {} 

    for name, pred in [("GA", p_ga_gab), ("ANFIS", 

p_anfis_gab)]: 

        yp = pred[te_idx] 

        m  = {"RMSE": rmse(yt_gab, yp), 

              "MAE":  mae(yt_gab, yp), 

              "MAPE": mape(yt_gab, yp), 

              "Crisp Output": round(float(pred.mean()), 5)} 

        metrics_gab[name] = m 

        print(f"    {name:8s} -> RMSE={m['RMSE']:.4f} | 

MAE={m['MAE']:.4f}" 

              f" | MAPE={m['MAPE']:.2f}% | Crisp={m['Crisp 

Output']:.5f}") 

 

    # Cetak tabel gabungan di terminal 

    print_tabel_gabungan(metrics_gab, n_train=len(tr_idx), 

n_test=len(te_idx)) 

 

    # -- 4. Cetak tabel perbandingan akurasi -----------------

-- 

    print_tabel_akurasi(all_metrics, n_train=len(tr_idx), 

n_test=len(te_idx)) 



103 

  

 
 

 

    # -- 5. Build DataFrames ---------------------------------

--- 

 

    # Sheet 1: Data Input 

    df_input = pd.concat([ 

        pd.DataFrame({"No Sampel": sampel}), 

        labels.reset_index(drop=True), 

        pd.DataFrame(X, columns=CODE_COLS), 

    ], axis=1) 

 

    # Sheet 2: Prediksi ANFIS 

    df_anfis = pd.DataFrame({ 

        "No Sampel":       sampel, 

        "Split":           split_label, 

        "Aktual Eks.":     y_ek.round(4), 

        "Prediksi ANFIS Eks.": 

all_preds["Eksklusif"]["ANFIS"].round(4), 

        "Error Eks.":      (y_ek - 

all_preds["Eksklusif"]["ANFIS"]).round(4), 

        "Aktual Prak.":    y_pr.round(4), 

        "Prediksi ANFIS Prak.": 

all_preds["Praktis"]["ANFIS"].round(4), 

        "Error Prak.":     (y_pr - 

all_preds["Praktis"]["ANFIS"]).round(4), 

    }) 

 

    # Sheet 3: Prediksi GA 

    df_ga = pd.DataFrame({ 

        "No Sampel":     sampel, 

        "Split":         split_label, 

        "Aktual Eks.":   y_ek.round(4), 

        "Prediksi GA Eks.": 

all_preds["Eksklusif"]["GA"].round(4), 

        "Error Eks.":    (y_ek - 

all_preds["Eksklusif"]["GA"]).round(4), 

        "Aktual Prak.":  y_pr.round(4), 

        "Prediksi GA Prak.": 

all_preds["Praktis"]["GA"].round(4), 

        "Error Prak.":   (y_pr - 

all_preds["Praktis"]["GA"]).round(4), 

    }) 

 

    # Sheet 4 & 5: Evaluasi elemen per konsep (via GA-BPNN 

scoring) 

    df_elem_ek = eval_elemen( 

        X, labels, all_preds["Eksklusif"]["GA-BPNN"], 

"Eksklusif" 

    ) 

    df_elem_pr = eval_elemen( 

        X, labels, all_preds["Praktis"]["GA-BPNN"], "Praktis" 

    ) 

 

    # Mapping nama elemen ke kode Xi 

    ELEM_X_CODE = { 

        "Material Sekunder":    "X1", 
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        "Bentuk / Shape":       "X2", 

        "Tutup / Lid":          "X3", 

        "Material Primer":      "X4", 

        "Fitur / Feature":      "X5", 

        "Ukuran / Volume":      "X6", 

        "Gaya Desain / Style":  "X7", 

        "Warna / Color":        "X8", 

        "Printing / Surface":   "X9", 

    } 

 

    def build_elemen_string(info): 

        """Buat string elemen seperti: NamaTipe (Xi,kode), 

...""" 

        parts = [] 

        for ename in ELEM_NAMES: 

            label = info["label"].get(ename, "") 

            code  = info["code"].get(ename, "") 

            xi    = ELEM_X_CODE.get(ename, "") 

            if label and code != "": 

                parts.append(f"{label} ({xi},{code})") 

        return ", ".join(parts) 

 

    # Sheet 6: Konsep terbaik ANFIS vs GA 

    rows_konsep = [] 

    rows_performa = []  # untuk Tabel Performa (Tabel 4.8) 

    for konsep, konsep_data, y_raw in [ 

        ("Eksklusif", konsep_ek, y_ek), 

        ("Praktis",   konsep_pr, y_pr), 

    ]: 

        for method in ["ANFIS", "GA"]: 

            if method not in konsep_data: 

                continue 

            info = konsep_data[method] 

            m    = all_metrics.get(konsep, {}).get(method, {}) 

            row  = { 

                "Konsep":       konsep, 

                "Metode":       method, 

            } 

            # Label teks dan kode numerik per elemen 

            for ename in ELEM_NAMES: 

                row[ename]                    = 

info["label"].get(ename, "") 

                row[f"Kode {ename}"]          = 

info["code"].get(ename, "") 

            # Kolom Elemen gabungan (format Tabel 4.8) 

            row["Elemen"]       = build_elemen_string(info) 

            # Nilai performa 

            row["Crisp Output"] = m.get("Crisp Output", "-") 

            row["RMSE"]         = round(m["RMSE"], 4)  if 

"RMSE" in m else "-" 

            row["MAE"]          = round(m["MAE"],  4)  if 

"MAE"  in m else "-" 

            row["MAPE (%)"]     = round(m["MAPE"], 2)  if 

"MAPE" in m else "-" 

            rows_konsep.append(row) 
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            # Baris untuk Tabel Performa (mirip Tabel 4.8) 

            rows_performa.append({ 

                "Konsep":           konsep, 

                "Metode":           method, 

                "Elemen":           build_elemen_string(info), 

                "Nilai Performa":   m.get("Crisp Output", "-

"), 

            }) 

 

    df_konsep   = pd.DataFrame(rows_konsep) 

    df_performa = pd.DataFrame(rows_performa) 

 

    # Sheet 7: Perbandingan Akurasi GA vs ANFIS 

    rows_akurasi = [] 

    for konsep in ["Eksklusif", "Praktis"]: 

        for method in ["GA", "ANFIS"]: 

            m = all_metrics[konsep][method] 

            rows_akurasi.append({ 

                "Konsep":         konsep, 

                "Metode":         method, 

                "Crisp Output":   m.get("Crisp Output", "-"), 

                "RMSE":           m["RMSE"], 

                "MAE":            m["MAE"], 

                "MAPE (%)":       m["MAPE"], 

                "Data Uji (n)":   len(te_idx), 

                "Data Latih (n)": len(tr_idx), 

            }) 

    df_akurasi = pd.DataFrame(rows_akurasi) 

 

    # Sheet 8: Hasil GA & ANFIS Gabungan 

    rows_gab = [] 

    for method in ["GA", "ANFIS"]: 

        mg = metrics_gab[method] 

        rows_gab.append({ 

            "Metode":         method, 

            "Crisp Output":   mg["Crisp Output"], 

            "RMSE":           mg["RMSE"], 

            "MAE":            mg["MAE"], 

            "MAPE (%)":       mg["MAPE"], 

            "Data Uji (n)":   len(te_idx), 

            "Data Latih (n)": len(tr_idx), 

        }) 

    df_gab_akurasi = pd.DataFrame(rows_gab) 

 

    # Sheet 8b: Prediksi per sampel untuk dataset gabungan 

    df_gab_pred = pd.DataFrame({ 

        "No Sampel":          sampel, 

        "Split":              split_label, 

        "Aktual Gabungan":    y_gab.round(4), 

        "Prediksi GA":        p_ga_gab.round(4), 

        "Error GA":           (y_gab - p_ga_gab).round(4), 

        "Prediksi ANFIS":     p_anfis_gab.round(4), 

        "Error ANFIS":        (y_gab - p_anfis_gab).round(4), 

    }) 
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    # -- 6. Export ke Excel ----------------------------------

--- 

    print(f"Menyimpan ke: {PATH_OUTPUT}") 

    with pd.ExcelWriter(PATH_OUTPUT, engine="openpyxl") as 

writer: 

        df_input.to_excel(       writer, sheet_name="1. Data 

Input",           index=False) 

        df_anfis.to_excel(       writer, sheet_name="2. 

Prediksi ANFIS",       index=False) 

        df_ga.to_excel(          writer, sheet_name="3. 

Prediksi GA",          index=False) 

        df_elem_ek.to_excel(     writer, sheet_name="4. Elemen 

Eksklusif",     index=False) 

        df_elem_pr.to_excel(     writer, sheet_name="5. Elemen 

Praktis",       index=False) 

        df_konsep.to_excel(      writer, sheet_name="6. Konsep 

Terbaik",       index=False) 

        df_akurasi.to_excel(     writer, sheet_name="7. 

Perbandingan GA-ANFIS",index=False) 

        df_gab_akurasi.to_excel( writer, sheet_name="8. 

Akurasi Gabungan",     index=False) 

        df_gab_pred.to_excel(    writer, sheet_name="8b. 

Prediksi Gabungan",   index=False) 

        df_performa.to_excel(    writer, sheet_name="9. Tabel 

Performa",       index=False) 

 

    format_excel(PATH_OUTPUT) 

    print(f"OK Selesai. File: {PATH_OUTPUT}") 

 

 

# 

==============================================================

== 

# H. FORMAT EXCEL 

# 

==============================================================

== 

 

def _thin_border(): 

    s = Side(border_style="thin", color="000000") 

    return Border(left=s, right=s, top=s, bottom=s) 

 

def _font(bold=False, size=10, italic=False): 

    return Font(name="Arial", size=size, bold=bold, 

italic=italic) 

 

_CENTER  = Alignment(horizontal="center", vertical="center", 

wrap_text=True) 

_LEFT    = Alignment(horizontal="left",   vertical="center", 

wrap_text=True) 

_BORDER  = _thin_border() 

_NO_FILL = PatternFill(fill_type=None) 

 

 

def _style_header_row(ws, row_num=1, size=10): 

    for cell in ws[row_num]: 
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        cell.font      = _font(bold=True, size=size) 

        cell.fill      = _NO_FILL 

        cell.alignment = _CENTER 

        cell.border    = _BORDER 

    ws.row_dimensions[row_num].height = 28 

 

 

def _auto_width(ws, min_w=10, max_w=38): 

    for col in ws.columns: 

        ltr = get_column_letter(col[0].column) 

        mx  = max((len(str(c.value or "")) for c in col), 

default=10) 

        ws.column_dimensions[ltr].width = min(max_w, 

max(min_w, mx + 2)) 

 

 

def _plain_body(ws, start=2): 

    for row in ws.iter_rows(min_row=start): 

        for cell in row: 

            cell.font      = _font() 

            cell.fill      = _NO_FILL 

            cell.border    = _BORDER 

            cell.alignment = _LEFT if cell.column == 1 else 

_CENTER 

 

 

def format_excel(path): 

    wb = load_workbook(path) 

 

    # -- Sheet 1: Data Input ---------------------------------

- 

    ws = wb["1. Data Input"] 

    _style_header_row(ws) 

    _plain_body(ws) 

    _auto_width(ws) 

    ws.freeze_panes = "B2" 

 

    # -- Sheet 2: Prediksi ANFIS -----------------------------

-- 

    ws = wb["2. Prediksi ANFIS"] 

    _style_header_row(ws) 

    header = [c.value for c in ws[1]] 

    for row in ws.iter_rows(min_row=2): 

        for cell in row: 

            cell.font      = _font() 

            cell.fill      = _NO_FILL 

            cell.border    = _BORDER 

            cell.alignment = _CENTER 

        for err_col_name in ["Error Eks.", "Error Prak."]: 

            if err_col_name in header: 

                ci   = header.index(err_col_name) + 1 

                cell = ws.cell(row[0].row, ci) 

                val  = cell.value 

                if isinstance(val, (int, float)): 

                    cell.font = _font(bold=True) 

    _auto_width(ws) 
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    ws.freeze_panes = "C2" 

 

    # -- Sheet 3: Prediksi GA --------------------------------

-- 

    ws = wb["3. Prediksi GA"] 

    _style_header_row(ws) 

    header = [c.value for c in ws[1]] 

    for row in ws.iter_rows(min_row=2): 

        for cell in row: 

            cell.font      = _font() 

            cell.fill      = _NO_FILL 

            cell.border    = _BORDER 

            cell.alignment = _CENTER 

        for err_col_name in ["Error Eks.", "Error Prak."]: 

            if err_col_name in header: 

                ci   = header.index(err_col_name) + 1 

                cell = ws.cell(row[0].row, ci) 

                val  = cell.value 

                if isinstance(val, (int, float)): 

                    cell.font = _font(bold=True) 

    _auto_width(ws) 

    ws.freeze_panes = "C2" 

 

    # -- Sheet 4 & 5: Evaluasi Elemen ------------------------

- 

    for sh_name in ["4. Elemen Eksklusif", "5. Elemen 

Praktis"]: 

        ws = wb[sh_name] 

        _style_header_row(ws) 

        prev_elem = None 

        for row in ws.iter_rows(min_row=2): 

            elem_v = ws.cell(row[0].row, 1).value 

            for cell in row: 

                cell.fill      = _NO_FILL 

                cell.border    = _BORDER 

                cell.alignment = _LEFT if cell.column <= 3 

else _CENTER 

                cell.font      = _font() 

            # Bold pada baris pertama setiap elemen baru 

            c1 = ws.cell(row[0].row, 1) 

            c1.font = _font(bold=(elem_v != prev_elem)) 

            prev_elem = elem_v 

        # Bold skor tertinggi per elemen 

        elem_rows = {} 

        for row in ws.iter_rows(min_row=2): 

            e = ws.cell(row[0].row, 1).value 

            s = ws.cell(row[0].row, 5).value 

            if e not in elem_rows: 

                elem_rows[e] = [] 

            if isinstance(s, (int, float)): 

                elem_rows[e].append((s, row[0].row)) 

        for e, vals in elem_rows.items(): 

            if vals: 

                best_row = max(vals, key=lambda x: x[0])[1] 

                c = ws.cell(best_row, 5) 

                c.font = _font(bold=True) 
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        _auto_width(ws) 

        ws.freeze_panes = "B2" 

 

    # -- Sheet 6: Konsep Terbaik -----------------------------

-- 

    ws = wb["6. Konsep Terbaik"] 

    _style_header_row(ws, size=11) 

    ws.row_dimensions[1].height = 32 

 

    header6   = [c.value for c in ws[1]] 

    perf_cols = ["Crisp Output", "RMSE", "MAE", "MAPE (%)"] 

    fill_kode = PatternFill(fill_type="solid", 

fgColor="EFF3FB") 

    fill_perf = PatternFill(fill_type="solid", 

fgColor="FFF2CC") 

 

    # Warna pada header khusus 

    for ci, hval in enumerate(header6, start=1): 

        cell = ws.cell(1, ci) 

        if hval and str(hval).startswith("Kode "): 

            cell.fill = fill_kode 

        elif hval in perf_cols: 

            cell.fill = fill_perf 

 

    for row in ws.iter_rows(min_row=2): 

        for cell in row: 

            cell.fill      = _NO_FILL 

            cell.border    = _BORDER 

            cell.alignment = _CENTER 

            cell.font      = _font() 

            hval = header6[cell.column - 1] if cell.column <= 

len(header6) else "" 

            if hval and str(hval).startswith("Kode "): 

                cell.fill = fill_kode 

            elif hval in perf_cols: 

                cell.fill = fill_perf 

        ws.cell(row[0].row, 1).font = _font(bold=True) 

        ws.cell(row[0].row, 2).font = _font(bold=True) 

 

    # Bold nilai RMSE terkecil per konsep 

    if "RMSE" in header6: 

        ci_rmse = header6.index("RMSE") + 1 

        ci_kons = header6.index("Konsep") + 1 if "Konsep" in 

header6 else 1 

        for konsep in ["Eksklusif", "Praktis"]: 

            konsep_rows6 = [ 

                r[0].row for r in ws.iter_rows(min_row=2) 

                if ws.cell(r[0].row, ci_kons).value == konsep 

            ] 

            vals6 = [(ws.cell(rr, ci_rmse).value, rr) for rr 

in konsep_rows6 

                     if isinstance(ws.cell(rr, ci_rmse).value, 

(int, float))] 

            if vals6: 

                best6 = min(vals6, key=lambda x: x[0])[1] 



110 

  

 
 

                ws.cell(best6, ci_rmse).font = 

_font(bold=True, size=11) 

 

    _auto_width(ws) 

    ws.freeze_panes = "C2" 

 

    # -- Sheet 7: Perbandingan GA vs ANFIS -------------------

- 

    ws = wb["7. Perbandingan GA-ANFIS"] 

    _style_header_row(ws, size=11) 

    ws.row_dimensions[1].height = 32 

 

    header  = [c.value for c in ws[1]] 

    metrics = ["RMSE", "MAE", "MAPE (%)"] 

 

    for row in ws.iter_rows(min_row=2): 

        for cell in row: 

            cell.fill      = _NO_FILL 

            cell.border    = _BORDER 

            cell.alignment = _CENTER 

            cell.font      = _font(size=10) 

        ws.cell(row[0].row, 1).font = _font(bold=True, 

size=10) 

        ws.cell(row[0].row, 2).font = _font(bold=True, 

size=10) 

 

    # Bold nilai terbaik (lebih kecil) per konsep per metrik 

    for konsep in ["Eksklusif", "Praktis"]: 

        konsep_rows = [ 

            r[0].row for r in ws.iter_rows(min_row=2) 

            if ws.cell(r[0].row, 1).value == konsep 

        ] 

        for metric in metrics: 

            if metric not in header: 

                continue 

            ci   = header.index(metric) + 1 

            vals = [(ws.cell(rr, ci).value, rr) for rr in 

konsep_rows 

                    if isinstance(ws.cell(rr, ci).value, (int, 

float))] 

            if not vals: 

                continue 

            best_row = min(vals, key=lambda x: x[0])[1] 

            ws.cell(best_row, ci).font = _font(bold=True, 

size=11) 

 

        if "Crisp Output" in header: 

            ci2 = header.index("Crisp Output") + 1 

            for rr in konsep_rows: 

                ws.cell(rr, ci2).font = _font(bold=True, 

size=10) 

 

    _auto_width(ws) 

 

    # -- Sheet 8: Akurasi Gabungan ---------------------------

- 



111 

  

 
 

    ws = wb["8. Akurasi Gabungan"] 

    _style_header_row(ws, size=11) 

    ws.row_dimensions[1].height = 32 

 

    header  = [c.value for c in ws[1]] 

    metrics = ["RMSE", "MAE", "MAPE (%)"] 

 

    for row in ws.iter_rows(min_row=2): 

        for cell in row: 

            cell.fill      = _NO_FILL 

            cell.border    = _BORDER 

            cell.alignment = _CENTER 

            cell.font      = _font(size=10) 

        ws.cell(row[0].row, 1).font = _font(bold=True, 

size=10) 

 

    all_data_rows = list(ws.iter_rows(min_row=2)) 

    for metric in metrics: 

        if metric not in header: 

            continue 

        ci   = header.index(metric) + 1 

        vals = [(ws.cell(r[0].row, ci).value, r[0].row) 

                for r in all_data_rows 

                if isinstance(ws.cell(r[0].row, ci).value, 

(int, float))] 

        if vals: 

            best_row = min(vals, key=lambda x: x[0])[1] 

            ws.cell(best_row, ci).font = _font(bold=True, 

size=11) 

 

    if "Crisp Output" in header: 

        ci2 = header.index("Crisp Output") + 1 

        for r in all_data_rows: 

            ws.cell(r[0].row, ci2).font = _font(bold=True, 

size=10) 

 

    _auto_width(ws) 

 

    # -- Sheet 8b: Prediksi Gabungan per Sampel --------------

- 

    ws = wb["8b. Prediksi Gabungan"] 

    _style_header_row(ws) 

    header = [c.value for c in ws[1]] 

    for row in ws.iter_rows(min_row=2): 

        for cell in row: 

            cell.font      = _font() 

            cell.fill      = _NO_FILL 

            cell.border    = _BORDER 

            cell.alignment = _CENTER 

        for err_col_name in ["Error GA", "Error ANFIS"]: 

            if err_col_name in header: 

                ci   = header.index(err_col_name) + 1 

                cell = ws.cell(row[0].row, ci) 

                val  = cell.value 

                if isinstance(val, (int, float)): 

                    cell.font = _font(bold=True) 
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    _auto_width(ws) 

    ws.freeze_panes = "C2" 

 

    # -- Sheet 9: Tabel Performa (Tabel 4.8) -----------------

- 

    ws = wb["9. Tabel Performa"] 

    _style_header_row(ws, size=11) 

    ws.row_dimensions[1].height = 30 

 

    fill_ga   = PatternFill(fill_type="solid", 

fgColor="E2EFDA")   # hijau muda 

    fill_anfis= PatternFill(fill_type="solid", 

fgColor="DDEEFF")   # biru muda 

    fill_best = PatternFill(fill_type="solid", 

fgColor="FFF2CC")   # kuning 

 

    header9 = [c.value for c in ws[1]] 

    # Tandai kolom "Elemen" agar wrap lebih lebar 

    if "Elemen" in header9: 

        ci_el = get_column_letter(header9.index("Elemen") + 1) 

        ws.column_dimensions[ci_el].width = 60 

 

    for row in ws.iter_rows(min_row=2): 

        metode_val = ws.cell(row[0].row, 

header9.index("Metode") + 1).value \ 

                     if "Metode" in header9 else "" 

        row_fill = fill_ga if metode_val == "GA" else 

fill_anfis 

        for cell in row: 

            cell.border    = _BORDER 

            cell.font      = _font(size=10) 

            hv = header9[cell.column - 1] if cell.column <= 

len(header9) else "" 

            if hv == "Elemen": 

                cell.alignment = Alignment(horizontal="left", 

vertical="center", 

                                           wrap_text=True) 

                cell.fill = row_fill 

            elif hv == "Nilai Performa": 

                cell.alignment = _CENTER 

                cell.fill = fill_best 

                cell.font = _font(bold=True, size=11) 

            else: 

                cell.alignment = _CENTER 

                cell.fill = row_fill 

        ws.row_dimensions[row[0].row].height = 80 

 

    # Bold nilai performa terbaik (tertinggi) per konsep 

    if "Nilai Performa" in header9 and "Konsep" in header9: 

        ci_perf  = header9.index("Nilai Performa") + 1 

        ci_kons9 = header9.index("Konsep") + 1 

        for konsep in ["Eksklusif", "Praktis"]: 

            k_rows = [r[0].row for r in 

ws.iter_rows(min_row=2) 

                      if ws.cell(r[0].row, ci_kons9).value == 

konsep] 
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            vals9  = [(ws.cell(rr, ci_perf).value, rr) for rr 

in k_rows 

                      if isinstance(ws.cell(rr, 

ci_perf).value, (int, float))] 

            if vals9: 

                best9 = max(vals9, key=lambda x: x[0])[1] 

                ws.cell(best9, ci_perf).font = 

_font(bold=True, size=12) 

 

    ws.freeze_panes = "C2" 

 

    # -- Simpan ----------------------------------------------

- 

    wb.save(path) 

    print("  Formatting selesai.") 

 

 

# 

==============================================================

== 

if __name__ == "__main__": 

    main() 

 

Lampiran 11. Logbook Asistensi Bimbingan 
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