LAMPIRAN



LAMPIRAN A- 1 Source code metode Modified Revised Ones Assignment
(MROA) dengan software python programming.

import numpy as np
from scipy.optimize import linear_sum_assignment

# - Utilitas tampil ----------
def print_vec(title, vec):

print(title, "[" + ", "join(f" {v:.0f}" if float(v).is_integer() else f"{v:.3f}" for v
in np.asarray(vec)) + "]")

def print_mat(title, M):
print(title)
for 1 in range(M.shape[0]):
row =" " join(f" {x:.0f}" if float(x).is_integer() else f"{x:.3f}" for x in
Mi])
print(f" {row}")

# - Proses dengan LOOP ----------
def find max_with _loops(M):
max_val = M[0, 0]
print("\n[Loop] Cari max matrix (scan elemen satu per satu):")
for 1 in range(M.shape[0]):
for j in range(M.shape[1]):
if M[1, j] > max_val:
max_val = M[i, j]
print(f' ->update max: M[{i+1},{j+1}]= {M[i,j]}")
print(f"Hasil max_val = {max val}")
return max_val

def build cost for max with loops(M, max_val):
C =np.zeros_like(M, dtype=tloat)
print("\n[Loop] Bangun cost matrix_max = max_val - matrix:")
for 1 in range(M.shape[0]):
for j in range(M.shape[1]):
C[i, j] = max_val - M[4, j]
print_mat("cost_matrix_max:", C)
return C

defrow_reduction_with loops(C):

R = C.copy().astype(float)
mins = np.zeros(R.shape[0], dtype=float)
print("\n[Loop] Row reduction (kurangi tiap baris dg nilai minimum baris):")
for 1 in range(R.shape[0]):

# cari min baris manual

m = R[i, 0]

for j in range(1, R.shape[1]):

if R[4, j] <m:




m =R, j]
mins[i] =m
before = R[i, :].copy()
# kurangi
for j in range(R.shape[1]):
R[i, j]=R[i, j] -m
print(f" Baris {i+1}: min={m}")
print(" sebelum:", " ".join(f" {x:.0f}" if float(x).is_integer() else
f'{x:.3f}" for x in before))
print(" sesudah:", " ".join(f" {x:.0f}" if float(x).is_integer() else
f'{x:.3f}" for x in R[4, :]))
print_vec("Min per baris:", mins)
return R, mins

def col reduction with loops(R):
C = R.copy().astype(float)
mins = np.zeros(C.shape[1], dtype=float)
print("\n[Loop] Column reduction (kurangi tiap kolom dg nilai minimum
kolom):")
for j in range(C.shape[1]):
# cari min kolom manual
m = C[0, j]
for i in range(1, C.shape[0]):
if C[1, j] <m:
m = Ci, j]
mins[j] =m
before = C[:, j].copy()
# kurangi
for i in range(C.shape[0]):
Cli, j1=Cl[i, j] - m
print(f" Kolom {j+1}: min={m}")
print(" sebelum:", " ".join(f" {x:.0f}" if float(x).is_integer() else
f'{x:.3f}" for x in before))
print(" sesudah:", " ".join(f" {x:.0f}" if float(x).is_integer() else
f'{x:.3f}" for x in C[3, j]))
print_vec("Min per kolom:", mins)
return C, mins

def count_zeros with loops(A):
zr = np.zeros(A.shape[0], dtype=int)
zc = np.zeros(A.shape[1], dtype=int)
pos = []
print("\n[Loop] Hitung nol per baris & kolom + posisi nol:")
for 1 in range(A.shape[0]):
for j in range(A.shape[1]):
if abs(A[i, j]) < le-12:
zr[i] +=1
zc[j] +=1




pos.append((i+1, j+1))
print_vec("Jumlah nol per baris:", zr)
print_vec("Jumlah nol per kolom:", zc)
print("Posisi nol (baris, kolom):", pos)
return zr, zc, pos

#ommmmmemee Solver + tampilan proses ----------
def mroa_assignment with loops(matrix):
matrix = np.asarray(matrix)
print("=== INFORMASI AWAL ==")
print(f'Bentuk matriks: {matrix.shape}, dtype: {matrix.dtype}")
print_mat("Matriks input:", matrix)

# ==========PROSES & HASIL: MAKSIMUM ===—====—===
print("\n MAKSIMUM ")
max_val = find max_with loops(matrix)

cost max = build cost_for max with loops(matrix, max val)

rred max, rmins_max = row_reduction_with loops(cost max)
cred_max, cmins_max = col_reduction_with loops(rred max)

count zeros with loops(cred max)

print("\n[Solver] Jalankan cost matrix max (tanpa ubah algoritma)")
row_ind max, col_ind max = linear sum_assignment(cost max)
assignment matrix max = np.zeros_like(matrix, dtype=int)
total value max =0
print("\n=== HASIL Penugasan Maksimum (loop per pasangan) ===")
for step, (w, t) in enumerate(zip(row_ind max, col ind max), start=1):

assignment matrix max|[w, t] =1

val = matrix[w, t]

total value max += val

print(f" Step-{step}: Pekerja {w+1} — Tugas {t+1} (Nilai: {val})")
print(f'Total nilai maksimum: {total value max}")
print_mat("Matriks penugasan maksimum (1=ditugaskan):",

assignment matrix max)

# ==========PROSES & HASIL: MINIMUM ==========
print("\n MINIMUM ")
cost_min = matrix.astype(float)

print_mat("[Loop] cost matrix_min = matrix (biaya asli):", cost min)
rred_min, rmins_min = row_reduction_with _loops(cost_min)
cred_min, cmins_min = col_reduction_with_loops(rred_min)
count_zeros_with _loops(cred min)

print("\n[Solver] Jalankan cost_matrix_min (tanpa ubah algoritma)")
row_ind min, col ind min = linear sum_assignment(cost_min)
assignment_matrix_min = np.zeros_like(matrix, dtype=int)

total cost min =0

print("\n=== HASIL Penugasan Minimum (loop per pasangan) ===")




for step, (w, t) in enumerate(zip(row_ind_min, col_ind min), start=1):
assignment matrix_min[w, t] =1
cost = matrix[w, t]
total cost min += cost
print(f" Step-{step}: Pekerja {w+1} — Tugas {t+1} (Biaya: {cost})")
print(f'Total biaya minimum: {total cost min}")
print_mat("Matriks penugasan minimum (1=ditugaskan):",
assignment matrix_min)




LAMPIRAN A- 2 Hasil hasil uji optimalisasi dengan matriks 15x15
berbantu Python Programming.

>>> Penugasan untuk Matriks 15x15:

=== INFORMASI AWAL ==

Bentuk matriks: (15, 15), dtype: int64 Matriks

input:
1281118111517191410161321209
142281214182015191110172221 13
14141614151213 111819202221 16 10
1911141715182013 141215111022 19
1391720111921141815221613 11 12
1115182019131022141721122018 16
1820191310161511222117141913 12
15172018162113101222191511 1420
13102221171914181516 11122013 19
20191310121618 1522211417 112013
1913101216181522211417112013 19
22211417112013191012 16 18 152221
1618152221 1417112013 19101216 18
15222114171120131910121618 1522
141711201319101216 18 152221 14 17

MAKSIMUM

[Loop] Cari max matrix (scan elemen satu per satu):
->update max: M[1,4] =18
->update max: M[1,8] =19
->update max: M[1,13] =21
->update max: M[2,2] =22 Hasil
max_val =22

[Loop] Bangun cost_matrix_max = max_val - matrix: cost_matrix_max:
101411411753812691213
8014108427311125019
886871091143201612




3118574298107111203
9135211318470691110
117423912085110246
423912671101583910
752461912100371182
912015384761110293
239121064701851129
391210647018511293
018511293121064701
647018511293121064
701851129312106470
851129312106470185

[Loop] Row reduction (kurangi tiap baris dg nilai minimum baris):
Baris 1: min=1.0

sebelum: 1014 114117538126912 13

sesudah: 913103106427 115801 12
Baris 2: min=0.0

sebelum: 8014108427311125019

sesudah: 8014108427311125019
Baris 3: min=0.0

sebelum: 886871091143201612

sesudah: 886871091143201612
Baris 4: min=0.0

sebelum:3118574298107111203

sesudah:3118574298107111203
Baris 5: min=0.0

sebelum: 91352113184706911 10

sesudah: 9135211318470691110
Baris 6: min=0.0

sebelum: 117423912085110246

sesudah: 117423912085110246
Baris 7: min=0.0

sebelum: 423912671101583910

sesudah: 423912671101583910
Baris 8: min=0.0

sebelum: 752461912100371182

sesudah: 752461912100371182
Baris 9: min=0.0

sebelum:912015384761110293

sesudah:912015384761110293
Baris 10: min=0.0

sebelum:239121064701851129

sesudah:239121064701851129
Baris 11: min=0.0

sebelim:391210647018511293




sesudah:391210647018511293
Baris 12: min=0.0

sebelum: 018511293121064701

sesudah: 018511293121064701
Baris 13: min=0.0

sebelum: 647018511293121064

sesudah:647018511293121064
Baris 14: min=0.0

sebelum: 701851129312106470

sesudah: 701851129312106470
Baris 15: min=0.0

sebelum: 851129312106470185

sesudah: 851129312106470185
Min per baris: [1, 0, 0,0, 0,0,0,0,0,0,0,0,0,0, 0]

[Loop] Column reduction (kurangi tiap kolom dg nilai minimum kolom):
Kolom 1: min=0.0

sebelum: 9883911479230678

sesudah: 9883911479230678
Kolom 2: min=0.0

sebelum: 1308 111372512391405

sesudah: 1308111372512391405
Kolom 3: min=0.0

sebelum: 1014685432091287111

sesudah: 1014685432091287111
Kolom 4: min=0.0

sebelum: 310852294112105082

sesudah: 310852294112105082
Kolom 5: min=1.0

sebelum: 10877113126510611159

sesudah: 97661021154951004 38
Kolom 6: min=1.0

sebelum: 64104396136428113

sesudah: 5393285025317102
Kolom 7: min=1.0

sebelum:42921127984795212

sesudah:318101168736841 11
Kolom 8: min=0.0

sebelum: 27119801112470311910

sesudah:27119801112470311910
Kolom 9: min=0.0

sebelum: 73484801070112236

sesudah: 73484801070112236
Kolom 10: min=0.0

sebelum: 11113107510618109124

sesudah: 11 113107510618109124




Kolom 11: min=0.0

sebelum: 512270153118563107

sesudah: 512270153118563107
Kolom 12: min=0.0

sebelum: 85011610871051141260

sesudah: 85011610871051141260
Kolom 13: min=0.0

sebelum: 0011292311211271041

sesudah:0011292311211271041
Kolom 14: min=0.0

sebelum: 1160114989290678

sesudah: 1160114989290678
Kolom 15: min=0.0

sebelum: 1291231061023931405

sesudah: 1291231061023931405
Min per kolom: [0, 0,0,0,1,1,1,0,0,0,0,0,0,0,0]

[Loop] Hitung nol per baris & kolom + posisi nol:

Jumlah nol per baris: [1,2,1,1,2,1,1,2,1,1,1,2,2,2, 1]

Jumlah nol per kolom: [1,2,1,1,1,1,1,2,2,1,1,2,2,2, 1]

Posisi nol (baris, kolom): [(1, 13), (2, 2), (2, 13), (3, 12), (4, 14), (5, 7), (5, 11), (6, 8), (7, 9),
(8, 6), (8, 10), (9, 3),(10,9), (11, 8), (12, 1), (12, 14), (13, 4), (13, 5), (14, 2), (14, 15), (15,
12)]




[Solver] Jalankan cost_matrix_max (tanpa ubah algoritma)

=== HASIL Penugasan Maksimum (loop per pasangan) ===
Step-1: Pekerja 1 — Tugas 13 (Nilai: 21)
Step-2: Pekerja 2 — Tugas 2 (Nilai: 22)
Step-3: Pekerja 3 — Tugas 12 (Nilai: 22)
Step-4: Pekerja 4 — Tugas 14 (Nilai: 22)
Step-5: Pekerja 5 — Tugas 7 (Nilai: 21)
Step-6: Pekerja 6 — Tugas 11 (Nilai: 21)
Step-7: Pekerja 7 — Tugas 9 (Nilai: 22)
Step-8: Pekerja 8 — Tugas 6 (Nilai: 21)
Step-9: Pekerja 9 — Tugas 3 (Nilai: 22)
Step-10: Pekerja 10 — Tugas 10 (Nilai: 21)
Step-11: Pekerja 11 — Tugas 8 (Nilai: 22)
Step-12: Pekerja 12 — Tugas 1 (Nilai: 22)
Step-13: Pekerja 13 — Tugas 5 (Nilai: 21)
Step-14: Pekerja 14 — Tugas 15 (Nilai: 22)
Step-15: Pekerja 15 — Tugas 4 (Nilai: 20)

Total nilai maksimum: 322

Matriks penugasan maksimum
(1=ditugaskan): 00000000
0000100
010000000000000

000000000001000
000000000000010
000000100000000
000000000010000
000000001000000
000001000000000
001000000000000
000000000100000
000000010000000
100000000000000
000010000000000
000000000000001
000100000000000




LAMPIRAN A- 3 Hasil hasil uji optimalisasi dengan matriks 5x5
berbantu Python Programming.

>>> Penugasan untuk Matriks 5x5:
=== INFORMASI AWAL —
Bentuk matriks: (5, 5), dtype: int64
Matriks input:

7841512

7911410

91167

7614610

1612106

MAKSIMUM

[Loop] Cari max matrix (scan elemen satu per satu):
->update max: M[1,2] =8
->update max: M[1,4]=15

Hasil max_val =15

[Loop] Bangun cost_matrix_max = max_val - matrix:
cost_matrix_max:

871103

861415

6141498

89195

149359

[Loop] Row reduction (kurangi tiap baris dg nilai minimum baris):
Baris 1: min=0.0
sebelum: 8 71103
sesudah: 8 71103
Baris 2: min=1.0
sebelum: 861415
sesudah: 751304
Baris 3: min=6.0
sebelum: 6 14 149 8
sesudah: 0 8832
Baris 4: min=1.0
sebelum: 89195
sesudah: 78 08 4
Baris 5: min=3.0
sebelum: 149359
sesudah: 116026
Min per baris: [0, 1, 6, 1, 3]

[Loop] Column reduction (kurangi tiap kolom dg nilai minimum kolom):
Kolom 1: min=0.0
sebelum: 8 70 7 11




sesudah: 8 707 11
Kolom 2: min=5.0
sebelum: 7588 6
sesudah: 20331
Kolom 3: min=0.0
sebelum: 11 13800
sesudah: 11 13800
Kolom 4: min=0.0
sebelum: 003 8 2
sesudah: 00382
Kolom 5: min=2.0
sebelum: 34246
sesudah: 12024
Min per kolom: [0, 5, 0, 0, 2]

[Loop] Hitung nol per baris & kolom + posisi nol:

Jumlah nol per baris: [1, 2,2, 1, 1]

Jumlah nol per kolom: [1, 1, 2, 2, 1]

Posisi nol (baris, kolom): [(1, 4), (2, 2), (2,4), (3, 1), (3, 5), (4, 3), (5, 3)]

[Solver] Jalankan cost matrix_max (tanpa ubah algoritma)

=== HASIL Penugasan Maksimum (loop per pasangan) ===
Step-1: Pekerja 1 — Tugas 5 (Nilai: 12)
Step-2: Pekerja 2 — Tugas 4 (Nilai: 14)
Step-3: Pekerja 3 — Tugas 1 (Nilai: 9)
Step-4: Pekerja 4 — Tugas 3 (Nilai: 14)
Step-5: Pekerja 5 — Tugas 2 (Nilai: 6)

Total nilai maksimum: 55

Matriks penugasan maksimum (1=ditugaskan):
00001
00010
10000
00100
01000




