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LAMPIRAN

Lampiran 1

import numpy as np
import pandas as pd
import math
import heapq
import itertools
from scipy.optimize import linprog
from IPython.display import display
np.set_printoptions(
precision=6,
suppress=True

)
e Menginput produk kue kering
produk = [
"Nastar",
"Sagu Keju",
"Tanduk",
"Kastengel",
"Monde Cookies",
"Choco Wijen",
"Choco Mete",
"Choco Almond",
"Putri Salju”,
"Choco Chip",
"Choco Nut"

]
e Menginput Harga Setiap Produk

harga = np.array(][
115000,
120000,
100000,
160000,
100000,
100000,
125000,
125000,
115000,
125000,
125000



], dtype=float)
e Menginput Data Bahan Baku
bahan_baku = [
"Tepung terigu kunci"”,
"Mentega",
"Butter",
"Gula halus",
"Maizena",
"Susu bubuk”,
"Telur",
"Coklat leleh",
"Coklat bubuk™,
"Tepung sagu tani”

]
Menginput Bahan Baku Setiap Produk

A =np.array([
# Nastar Sagu Tanduk Kastengel Monde Wijen Mete Almond Putri Chip Nut
[0.47,0.00, 0.50, 0.40, 0.30, 0.23, 0.48, 0.51, 0.25, 0.43, 0.43],
[0.33, 0.14, 0.25, 0.10, 0.10, 0.05, 0.38, 0.40, 0.15, 0.27, 0.27],
[0.07, 0.07, 0.00, 0.20, 0.03, 0.08, 0.00, 0.00, 0.13, 0.00, 0.00],
[0.07, 0.21, 0.00, 0.00, 0.20, 0.08, 0.16, 0.17, 0.10, 0.23, 0.23],
[0.00, 0.00, 0.00, 0.10, 0.10, 0.00, 0.03, 0.03, 0.03, 0.00, 0.00],
[0.07, 0.00, 0.05, 0.10, 0.03, 0.00, 0.06, 0.07, 0.05, 0.03, 0.03],
[4.00, 3.00, 2.00, 3.00, 0.00, 0.00, 3.00, 3.00, 2.00, 3.00, 3.00],
[0.00, 0.00, 0.00, 0.00, 0.00, 0.16, 0.17, 0.00, 0.00, 0.00, 0.00],
[0.00, 0.00, 0.00, 0.00, 0.10, 0.00, 0.04, 0.05, 0.00, 0.03, 0.03],
[0.00, 0.20, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00, 0.00]

], dtype=float)

e Menginput Persediaan Bahan Baku
b = np.array([



50, # Tepung terigu

30, # Mentega

15, # Butter

16, # Gula halus

3, # Maizena

5, # Susu bubuk

300, #Telur

1.5, # Coklat leleh

1.5, # Coklat bubuk

10 # Tepung sagu
], dtype=float)

e Menginput Minimal produksi 3 kg
MIN_PRODUKSI = 3.0

n_produk = len(produk)
n_bahan =len(bahan_baku)

e Menampilkan Harga Produk
print("\n")
print("="* 110)

print("DATA HARGA PRODUK")

print("="* 110)

df_harga = pd.DataFrame({
"No": range(1, n_produk + 1),
"Produk”: produk,



No Produk Harga per kg (Rp)

0 1 Mastar
1 2 Sagu Keju
2 3 Tanduk
3 4 Kastengel
4 5 Monde Cookies
5 5] Choco Wijen
[ 7 Choco Mete
7 8  Choco Almond
8 9 Putr Salju

8 10 Choco Chip

10 N Choco MNut

display(df_resep)

Dengan Output :

113000

120000

100000

160000

100000

100000

125000

125000

115000

125000

125000



DATA KOEFISIEN RESEP DAN PERSEDIAAN BAHAN

Nastar

pruknugnzeirlgu 0.47
Mentega 0.33
Butter 0.07
Gula halus 0.07
Maizena 0.00
Susu bubuk 007
Telur 4.00
Coklat leleh 0.00
Coklat bubuk 0.00

Tepung sagu tani 0.00

Sagu
Keju

0.00

0.14
0.07
0.21
0.00
0.00
3.00
0.00
0.00

0.20

Tanduk Kastengel

0.50

025
0.00
0.00
0.00
005
200
0.00
0.00

0.00

e Membuat Model
Matematika print("\n")

print("="* 110)

print("FORMULASI MODEL MATEMATIKA")

print("="* 110)
print("\nVariabel

keputusan:")

fori, pin enumerate(produk):

print(fungsi)

0.4

0.1
0.2
0.0
0.1
01
3.0
00
0.0

0.0

print("\nKendala bahan baku:")

Monde
Cookies

0.30

0.10
0.03
0.20
0.10
003
0.00
0.00
0.10

0.00

for i, bahan in enumerate(bahan_baku):

bagian =[]

Choco
Wijen

0.23

0.05
0.08
0.08
0.00
000
0.00
016
000

0.00

Choco
Mete

0.48

0.38
0.00
0.16
0.03
0.06
3.00
o017
0.04

0.00

Choco
Almond

0.51

0.40
0.00
017
0.03
007
3.00
000
005

0.00

Putri
Salju

0.25

015
0.13
0.10
0.03
005
200
000
000

0.00

Choco
Chip

0.43

0.27
0.00
023
0.00
003
3.00
000
003

0.00

Choco
Nut

0.43

027
0.00
023
0.00
003
3.00
0.00
003

0.00

Persediaan

50.0

30.0
15.0
16.0
3.0
50
300.0
15
156

10.0



for jinrange(n_produk):
it A[i, j] '=0:

bagian.append(
) f{A[Ij]: 2 px{j+1}"

print(
f'{bahan:25s} : "
+ " + ".join(bagian)
+ ' <= {blil}"

)

print("\nKendala minimal produksi:")
for iin range(n_produk):

print(
f'x{i+1} >= {MIN_PRODUKSI:g}"
)

Dengan Output:

Variabel keputusan:

x1 = jumlah preduksi Mastar (kg)

x2 = jumlah produksi Sagu Keju (kg)
¥3 = jumlah preduksi Tanduk (kg)

x4 = jumlah produksi Kastengel (kg)

%5 = jumlah produksi Monde Cookies (kg)
%6 = jumlah produksi Choco Wijen (kg)
®7 = jumlah produksi Choco Mete (kg)
%8 = jumlah produksi Choco Almond (kg)

%9 = jumlah produksi Putri Salju (kg)
x1@ = jumlah produksi choco Chip (kg)
¥11 = jumlah produksi Choco Nut (kg)

Fungsi tujuan:
Maks Z = 115080x1 + 126000x2 + 190800x3 + 1600900x4 + 109000x5 + 100808x6 + 125808x7 + 125008x8 + 115000x9 + 125@00x18 + 12500ax11



Kendala bahan baku:

Tepung terigu kunci @.47x1 + B.58x3 + 9.40x4 + @.38x5 + 0.23x6 + 0.48x7 + 8.51x8
Mentega D 8.33x1 + 8.14x2 + B.25x3 + @.18x4 + 0.18x5 + B.85x6 + 8.38x7
Butter 1 @8.87x1 + B.87x2 + 0.26x4 + 6.83x5 + 0.88x6 + B.13x9 <= 15.8
Gula halus D 8.87x1 + B.21x2 + 8.28x5 + 08.88x6 + 0.16%7 + 8.17x8 + B8.18x9
Maizena 1 8.18x4 + 8.18x5 + 0.83x7 + 8.93x8 + 0.83x0 <= 2.8

Susu bubuk 1 8.87x1 + 8.85x3 + 0.16x4 + 08.83x5 + 0.86x7 + 8.87x8 + 0.85x0
Telur Dd.eEx] + 3.88x2 + 2.86x3 + 3.060d + 3.88x7 + 3.86x8 + 2.86x0
Coklat leleh @ 8.16x6 + B.17x7 <= 1.5

Coklat bubuk 1 @.1ex5 + 9.84x7 + 0.85x8 + 0.83x10 + 0.03x11 <= 1.5

Tepung sagu tani :8.2ex2 <= l1e.@

Kendala minimal produksi:
X1 »= 3

X2 »=
X3 »=
¥4 r=
x5 »=
X6 »=

W W W W W W W

Lampiran 2 Metode Simpleks

b_transformasi = (

print("\n")
print("="*110)

print("TRANSFORMASI VARIABEL UNTUK SIMPLEKS")
print("="* 110)

print(

Karena terdapat batas minimum:

Xj>=3

sehingga:
yj>=0
Kendala menjadi:

Ay<=b- A(3)
)

+
+

+

+
+

©.25%9 + ©.43x10 + 0.43x11 <= 50.@
@.40x8 + 8.15x9 + 6.27x18 + 8.27x11 <=

@.23x18 + 8.23x11 <= 16.8

@.83x10 + 8.83x11 <= 5.8
3.08x10 + 3.88x11 <= 306.0

38.8



df_transformasi = pd.DataFrame({

"Bahan Baku":
bahan_baku,

"Persediaan Awal":
b,

"Kebutuhan Minimum™:
kebutuhan_minimum,

"Persediaan Efektif":
b_transformasi

N

display(

df _transformasi.round(6)

Melakukan-terasi-metode-simpleks;iterasi-dakulkan-sampai 11 iterasi
for iteration in range(

0,

max_iter+ 1

"tableau":
T.copy(),

"basis":
basis.copy(),

"status":
"Pemeriksaan optimalitas"



b
Dengan Output :

T v orow
ITERASI SIMPLEKS KE-8
Variabel masuk : y4
Baris keluar T KS
Rasio minimum : 21.306600
Status : PIVOT
vyl vz y3 va ¥3 6 y7 ya y9 yle ... s2 s3 s4 55 s6 57
K1 047 0.00 050 04 030 023 048 051 025 043 00 00 00 00 00 00
K2 0.33 0.14 0.25 0.1 0.10 0.05 0.38 0.40 015 0.27 10 00 0.0 00 00 00
K3 007 0.07 0.00 02 003 0.08 0.00 0.00 013 0.00 00 10 00 00 00 00
K4 007 021 0.00 00 020 0.08 0.16 017 010 023 00 00 10 00 00 00
K5 0.00 0.00 0.00 01 0.10 0.00 0.03 003 003 0.00 00 00 00 10 00 00
K6 007 0.00 005 01 003 0.00 0.06 0.07 005 003 00 00 0O 00 10 00
K7 4.00 3.00 200 30 0.00 0.00 3.00 3.00 2,00 3.00 00 00 00 00 00 10
K8 0.00 0.00 0.00 00 0.00 016 0.17 0.00 000 0.00 00 00 DO 00 00 00
K9 000 0.00 0.00 00 0.10 0.00 0.04 0.05 000 003 00 00 00 00 00 00
Solusi sementara dalam x:
x1 (Nastar ) = 3.000800 kg
X2 (5agu Keju ) = 3.00080@ kg
%3 (Tanduk ) = 3.000800 kg
x4 (Kastengel ) = 3.0ece00 kg
x5 (Monde Cookies ) = 3.000800 kg
X6 (Choco Wijen ) = 3.00080@ kg
%7 (Choco Mete ) = 3.000800 kg
%8 (Choco Almond ) = 3.000800 kg
%8 (Putri Salju ) = 3.000800 kg
%x1@ (Choco Chip ) 3.080008 kg
x11 (Choco Nut ) 3.000000 kg
Pendapatan sementara = Rp3,938,0808.80
ITERASI SIMPLEKS KE-1
Vardiabel masuk : yi@
Baris keluar K9
Rasio minimum 25.000608
Status PIVOT
ITERASI SIMPLEKS KE-1 PR 7 m B
variabel masuk : y18
Baris keluar 1 K9
Rasio minimum : 25.806000
Status © PIVOT
y1 y2 y3 y4 ¥5 y6 y7 y8 y9 yie s2 s3 s4 s5 s6 s7 s8 s9
K1 047 0.00 050 00 -0.10 023 0.36 0.39 013 043 00 00 00 -40 00 00 00 00
K2 0.33 0.14 025 0.0 0.00 0.05 0.35 0.37 0.12 0.27 1.0 00 0.0 -1.0 00 00 00 00
K3 0.07 0.07 0.00 00 017 0.08 -0.06 -0.06 0.07 0.00 00 10 00 -20 00 00 00 00
K4 0.07 021 000 00 020 0.08 0.16 017 0.10 023 00 00 10 00 00 00 00 00
K5 0.00 0.00 000 10 1.00 0.00 0.30 0.30 0.30 0.00 00 00 00 100 00 00 00 00
Ké 0.07 0.00 005 00 007 0.00 0.03 0.04 0.02 003 00 00 00 -10 10 00 00 00
K7 4.00 3.00 200 00 -3.00 0.00 210 210 1.10 3.00 0.0 00 00 -300 00 10 00 00
Ksg 0.00 0.00 0.00 00 0.00 0.16 0.17 0.00 0.00 0.00 00 00 00 00 00 00 10 00
K8 0.00 0.00 0.00 00 0.10 0.00 0.04 0.05 0.00 0.03 00 00 00 00 00 00 00 10

58

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0



Solusi sementara dalam x:

x1 (Mastar = 3.080888 kg
X2 (Sagu Keju = 3.0e08ee kg
x3 (Tanduk = 3.0e08ee kg

x4 (Kastengel

x5 (Monde Cookies
x6 (Choco Wijen
x7 (Choco Mete

x8 (Choco Almond = 3.0e0080 kg
x8 (Putri Saliju = 3.0e0080 kg
xle (Choco Chip ) = 3.e00888 kg
x11 (Choco Nut ) = 3.e80888 kg

= 24.30080008 kg
3.088000 kg
= 3.B868880 kg
= 3.000088 kg

o T L S N
[}

Pendapatan sementara = Rp7,338,000.08

Iterasi dilakukan dengan cara yang sama sampai dengan iterasi 11
untuk mendapatkan solusi optimal metode simpleks

N |
ITERASI SIMPLEKS KE-11
Status : OPTIMAL
yl y2 y3 yd y5 yb y7 y8 y9 yle ... s2 s3 s4  s5 s6 s7
K1 -0.2650 0.0 00 -0.425000 0.0 0.0 -0.565875 -0.155000 0.0 0.17700 00 00 25 00 -3.000000 -0.175000
K2 -0.0800 0.0 00 -0.283333 00 0.0 -0.084125 0.051667 0.0 0.05300 10 00 10 0.0 -0.333333 -0.116667
K3 0.0602 0.0 00 0.132333 0.0 0.0 -0.017420 -0.051867 0.0 -0.08384 00 1.0 -1.3 00 -2.706667 0.067667
K4 0.0000 0.0 00 0.000000 0.0 1.0 1.062500 0.000000 0.0 0.00000 00 00 00 00 0.000000 0.000000
K5 0.0042 0.0 00 0.079000 0.0 0.0 0.014180 -0.024200 0.0 -0.03564 00 00 03 10 -0.840000 0.021000
K6 -0.1400 0.0 00 0.700000 0.0 0.0 -0.806000 0.140000 1.0 0.18800 00 00 100 0.0 28.000000 -0.700000
K7 0.4000 1.0 00 -0.333333 00 0.0 0.360000 0.266667 0.0 0.72000 00 00 00 00 -13.333333 0.333333
K8 1.5400 0.0 10 1.300000 0.0 0.0 1.766000 0.960000 0.0 0.23200 00 00 -100 0.0 -6.000000 0.700000
K3 0.0000 0.0 00 0.000000 1.0 0.0 0.400000 0.500000 0.0 10.30000 00 00 00 00 0.000000 0.000000
K10 -0.0800 0.0 00 0.066667 0.0 0.0 -0.072000 -0.053333 0.0 -0.14400 00 00 00 00 2666667 -0.066667
Z 70900.0000 0.0 0.0 10500.000000 0.0 0.0 148360.000000 69100.000000 0.0 36220.00000 0.0 0.0 1500000 0.0 820000.000000 29500.000000 S5

Hasil Solusi Optimal Metode Simpleks

Jumlah iterasi pivot = 11
Pendapatan maksimum kontinu = Rpl5,742,188

Komposisi produksi optimal:
*1 - Nastar

x2 - Sagu Keiju

x3 - Tanduk

x4 - Kastengel

X5 - Monde Cookies
X6 - Choco Wijen
x7 - Choco Mete

x8 - Choco Almond 3.eeseee kg
x9 - Putri Salju 39.896088 kg
x1le - Choco Chip = 3.9068000 kg
x11 - Choco Nut = 3.9068000 kg

3.eeseee kg
32.933333 kg
33.0e18888 kg
3.8e6888 kg
18.588688 kg
6.18758@ kg
3.8e6888 kg



Lampiran 3 Metode Branch And Bound
def solve_lp_relaxation(

lower_bound,

upper_bound

):
bounds =[]
for i in range(

n_produk

):

Ib = float(
lower_bound]|i]

if np.isinf(ub):

bounds.append
((Ib, None)

else:

bounds.append

result = linprog(
-harga,
A _ub=A,

b_ub=b,



bounds=bounds,

method="highs"

)

if not result.success:
return None

return (
-result.fun,
result.x

)

Proses Node Branching and Bounding sampai 67 node
while heap:

(

negative_bound,

lower,
upper,
bound,
X

) = heapq.heappop(
heap
)

node_number +=1
Output :



NODE KE-1
Upper Bound LP =

Rp15,742,100.080

Solusi LP pada node:

x1 {Mastar
®x2 {Sagu Keju
%3 (Tanduk
%4 (Kastengel

%5 (Monde Cookies

%6 (Choco Wijen
%7 {Choco Mete
%8 {Choco Almond
%9 (Putri 5alju
%18 (Choco Chip
%11 (Choco Nut

Variabel branch
Milai LP

Cabang kiri
Cabang kanan

S5TATUS : BRANCH

NODE KE-2

Upper Bound LP

= J.@e0ean
= 32.923333
= 33.81e808
= 3.880ean
168.5680606
= 6.15875aa8
= J.@e0ean
= 3.8808a0
= 30.82%08008
)} = 3.80288808
)} = 3.8600008

L L L L e L
]

: x5 (Monde Cookies)

18.5a68888

: %5 <= 18
x5 o»= 11

= Rpl5,71%9,488.88

Solusi LP pada node:

®x1 (MNastar
®x2 (Sagu Keju
%3 (Tanduk
x4 (Kastengel

x5 (Monde Cookies
®x6 (Choco Wijen
®x7 (Choco Mete
%8 (Choco Almond
%9 (Putri Salju
x1@ (Choco Chip }
x11 {Choco Nut

= 3.8806806
= 32.733333
= 31.5988068
= 3.880800
18.a6ea68
= 6.1875806
= 3.8808806
= 3.8608808
= 48.51a868
3.60ae08
3.808808

R L
Il

)

Variabel branch : x9 (Putri Salju)

Milai LP
Cabang kiri
Cabang kanan

: 48.516888
X9 <= 48
DX9 =41

STATUS : BRANCH



Proses ini dilakukan dengan cara yang sama sampai mendapatkan solusi optimal.

Jumlah node yang diperiksa = 67
Pendapatan maksimum integer = Rpl5,685,888

Komposisi produksi optimal integer:

®x1 - Nastar =3 kg
x2 - Sagu Keju = 33 kg
x3 - Tanduk = 32 kg
®4 - Kastengel =3 kg
®*5 - Monde Cookies = 18 kg
%6 - Choco Wijen =6 kg
®7 - Choco Mete =3 kg
x8 - Choco Almond =3 kg
¥ - Putri Salju = 48 kg

x1@ - Choco Chip = 3 kg
®x11 - Choco Nut =3 kg



Lampiran 4 Metode Karush-Kuhn-Tucker
slack_kkt = (

b- A @ x_simplex
)

tol_kkt = 1le-7

kendala_aktif = np.where(
np.abs(slack _kkt)
<=tol_kkt

)]

y_kkt = (
x_simplex
- minimum

variabel _y_positif = np.where(
y_kkt > tol_kkt
)]

KET - TAHAP 1
IDENTIFIKAST KENDALA AKTIF DAN VARIABEL POSITIF

kKendala aktif:

kK4 - Gula halus
K& - Susu bubuk
K7 - Telur

K2 - Coklat leleh
K2 - Coklat bubuk

Variabel y positif:

¥2 = 29.932333 > w2 = 32.0933333
¥3 = 36.8186886 -> x3 = 33.010686
¥5 = 7.588088 -> x5 = 18.508008

3.187588 -»> x6 = 6.187580

¥



KET - TAHAP 2
MENCARI MULTIPLIER LAMBDA

Multiplier Lambda:

Kendala Lambda 5lack Lambda x Slack
0 Tepung terigu kKunci 0.0 10989375 0.0
1 Mentega 0.0 4663958 0.0
2 Butter 0.0 5992967 0.0
9 Gula halus  150000.0 -0.000000 -0.0
4 Maizena 0.0 0297300 0.0
KKT - TAHAP 3
STATIONARITY
Produk c A"T Lambda Mu Residual Stationarity
0 Mastar 115000.0 185900.0 70900.0 0.0
1 Sagu Keju  120000.0 120000.0 0.0 0.0
2 Tanduk 100000.0 100000.0 0.0 0.0
3 Kastengel 160000.0 170500.00  10500.0 0.0
4 Monde Cookies 100000.0 100000.0 -0.0 0.0
5 Choco Wijen 100000.0 100000.0 -0.0 0.0

B Choco Mete  125000.0 273360.0 1483600 00



KKT - TAHAP 4
PRIMAL FEASIBILITY

fx <= b : TERPENUHI
¥ »= 3 © TERPENUHI

KKT - TAHAP &
DUAL FEASIBILITY

Lambda »= & : TERPENUHI
Mu »>= @ :  TERPENUHI

KET - TAHAP &
COMPLEMENTARY SLACKNESS

Kendala Lambda 5lack Lambda * Slack
0 Tepung terigu kunci 0.0 10989375 0.0
1 Mentega 00 4663958 0.0
2 Butter 00 5992967 0.0
3 Gula halus 150000.0 -0.000000 -0.0
4 Maizena 0.0 0297300 0.0

5 Susu bubuk 8200000  0.000000 0.0
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