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Lampiran 1 Penyebab kinerja (Biaya) 
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Lampiran 2 Penyebab kinerja (Jadwal)  
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Lampiran 3 Penyebab kinerja (Mutu/Kualitas) 
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Lampiran 4 Penyebab kinerja (Fungsi Bangunan) 
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Lampiran 5 Metode AHP 

AHP 

 

1. Code/Script 

 
import seaborn as sns 
import numpy as np 
import matplotlib.pyplot as plt 
from tabulate import tabulate 
 

A = np.array([[1,3,3,5], [0.333,1,3,3], [0.333,0.333,1,2], [0.2,0.333,0.5,1]]) 
x_ticks = ['CPI','SPI','QPI','CSI'] 
#x_ticks = ['C{}'.format(i) for i in range(1, n+1)] 
plt.figure(figsize = (8,8)) 
#plt.title('Performance Pairwise Comparable Table', fontsize=25) 
g1 = sns.heatmap(A, annot=True, cmap="viridis", cbar=False) 
g1.set_xticklabels(x_ticks, fontsize=20) 
g1.set_yticklabels(x_ticks, fontsize=20) 
plt.show() 
plt.savefig('pairwise_no_value.png',dpi=200) 
#### AHP #### 
 
from pyDecision.algorithm import ahp_method 

 
# Parameters 
weight_derivation = 'geometric' # 'mean' or 'geometric' 
 
dataset = np.array([ 
  #C1     C2     C3     C4                   
  [1 , 3,  3, 5],   #C1 
  [0.333, 1,  3, 3],   #C2 
  [0.333, 0.333, 1, 2],   #C3 
  [0.2, 0.333, 0.5, 1]    #C4 
]) 
 

# Call AHP Function 
weights, rc = ahp_method(dataset, wd = weight_derivation) 
# Weigths 
for i in range(0, weights.shape[0]): 
  print('w(C'+str(i+1)+'): ', round(weights[i], 3)) 
# Consistency Ratio 
print('RC: ' + str(round(rc, 2))) 
if (rc > 0.10): 
  print('The solution is inconsistent, the pairwise comparisons must be 
reviewed') 
else: 
  print('The solution is consistent') 
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  # Calculate CPPI 
# list of indicator value each project 
 
# Input value of each indicator 
#size = int(input("Enter the size of the array: ")) 
 
# Input values into the array 

#CPI = [float(input(f"Enter CPI per index {i}: ")) for i in range(size)] 
#SPI = [float(input(f"Enter SPI per index {i}: ")) for i in range(size)] 
#QPI = [float(input(f"Enter QPI per index {i}: ")) for i in range(size)] 
#CSI = [float(input(f"Enter CSI per index {i}: ")) for i in range(size)] 
 

CPI = np.array([1.0, 1.0, 1.0, 1.0, 1.0]) 
SPI = np.array([1.093, 1.00, 1.036, 1.074, 1.023]) 
QPI = np.array([1.0, 1.0, 1.0, 1.0, 1.0]) 
CSI = np.array([9.83, 8.18, 7.58, 8.54, 8.78]) 
 

# Calculate normalized values 
nCPI = [] 
nSPI = [] 
nQPI = [] 
nCSI = [] 
 

for qpi, csi, cpi, spi in zip(QPI, CSI, CPI, SPI): 
    if 0.505 <= qpi <= 1.005: 
        m = (1.14 - 1.05) / (1.00 - 0.51) 
        c = 1.05 - (m * 0.51) 
    elif 1.005 <= qpi <= 2.005: 
        m = (1.04 - 0.95) / (2.00 - 1.01) 
        c = 0.95 - (m * 1.01) 
    elif 2.005 <= qpi <= 4.005: 
        m = (0.94 - 0.85) / (2.01 - 4.00) 
        c = 0.85 - (m * 2.01) 
    else: 
        m = 0.09 
        c = 0.33 
 
    nqpi = qpi * m + c 

 
    if 9.005 <= csi <= 9.505: 
        m = (1.14 - 1.05) / (9.50 - 9.01) 
        c = 1.05 - (m * 9.01) 
    elif 8.015 <= csi < 9.005: 
        m = (1.04 - 0.95) / (9.00 - 8.01) 
        c = 0.95 - (m * 8.01) 

    elif 6.005 <= csi < 8.005: 
        m = (0.94 - 0.85) / (8.00 - 6.00) 
        c = 0.85 - (m * 6.00) 
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    else: 
        m = 0.09 
        c = 0.33 
 

    ncsi = csi * m + c 

    nCPI.append(cpi) 
    nSPI.append(spi) 
    nQPI.append(nqpi) 
    nCSI.append(ncsi) 
 
# Print the normalized arrays 
print("Normalized CPI:", nCPI) 
print("Normalized SPI:", nSPI) 
print("Normalized QPI:", [round(q, 2) for q in nQPI]) 
print("Normalized CSI:", [round(c, 2) for c in nCSI]) 
 

# CPI = np.array([1.1,0.98,0.89]) 
# SPI = np.array([0.95,1.02,0.88]) 
# QPI = np.array([0.77,1.87,3.05]) 
# CSI = np.array([7.5,9.3,8.5]) 
 
#normalized value of indicator value 

# nCPI = CPI 
# nSPI = SPI 
# nQPI = np.array([1.1,1.03,0.90]) 
# nCSI = np.array([0.92,1.1,0.99]) 
 
projects = [f"Project {i+1}" for i in range(len(CPI))] 
cppi_values = [nCPI[i]*weights[0] + nSPI[i]*weights[1] + nQPI[i]*weights[2] 
+ nCSI[i]*weights[3] 
               for i in range(len(CPI))] 
descriptions = ["The overall performance is within target" if 1.015 <= value <= 
1.025 
                else "The overall performance is below target" if value < 1.015 
                else "The overall performance is exceeded target" 
                for value in cppi_values] 
 
# Print the CPPI values and descriptions for each project 
for i in range(len(projects)): 
    print(f"PPI {projects[i]}: {round(cppi_values[i], 2)}") 
    print(descriptions[i]) 
 
# Create table data 
table_data = [[str(i+1), projects[i], round(cppi_values[i], 2), descriptions[i]] for 
i in range(len(projects))] 
table_header = ["No.", "Project", "PPI", "Description"] 

 
# Display the table using tabulate 
print(tabulate(table_data, headers=table_header, tablefmt="grid")) 
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2. Hasil Code 

  

 
w(C1):  0.516 

w(C2):  0.262 

w(C3):  0.137 

w(C4):  0.085 

RC: 0.05 

 
The solution is consistent 

Normalized CPI: [1.0, 1.0, 1.0, 1.0, 1.0] 

Normalized SPI: [1.093, 1.0, 1.036, 1.074, 1.023] 

Normalized QPI: [1.14, 1.14, 1.14, 1.14, 1.14] 

Normalized CSI: [1.21, 0.97, 0.92, 1.0, 1.02] 

 
PPI Project 1:  1.06 
The overall performance is exceeded target 
PPI Project 2:  1.02 
The overall performance is within target 
PPI Project 3:  1.02 
The overall performance is within target 
PPI Project 4:  1.04 
The overall performance is within target 
PPI Project 5:  1.03 
The overall performance is within target 
 
 

SP
I

0.33 1.00 3.00 3.00

CP
I

1.00 3.00 3.00 5.00

CS
I

0.20 0.33 0.50 1.00

Q
PI 0.33 0.33 1.00 2.00

CPI SPI QPI CSI
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+-------+-----------+--------+--------------------------------------------+ 

|   No. | Project   |   PPI | Description                                | 
+=======+===========+========+=======================
=====================+ 
|     1 | Project 1 |  1.06 | The overall performance is exceeded target | 
+-------+-----------+--------+--------------------------------------------+ 
|     2 | Project 2 |  1.02 | The overall performance is within target   | 
+-------+-----------+--------+--------------------------------------------+ 
|     3 | Project 3 |  1.02 | The overall performance is within target   | 
+-------+-----------+--------+--------------------------------------------+ 
|     4 | Project 4 |  1.04  | The overall performance is within target | 
+-------+-----------+--------+--------------------------------------------+ 
|     5 | Project 5 |  1.03 | The overall performance is within target   | 
+-------+-----------+--------+--------------------------------------------+ 
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Lampiran 6 Metode Fuzzy-AHP 

Fuzzy-AHP 

 

1. Code/Script 

 
import numpy as np 
from pyDecision.algorithm import fuzzy_ahp_method 
from tabulate import tabulate 
 

# Fuzzy AHP 

 
# Dataset 

dataset = list([ 
    [ (  1,   1,   1), (  2,   3,   4), (  2,   3,   4), (  4,   5,   6) ],   #C1 
    [ (1/2, 1/3, 1/4), (  1,   1,   1), (  2,   3,   4), (  2,   3,   4) ],   #C2 
    [ (1/2, 1/3, 1/4), (1/2, 1/3, 1/4), (  1,   1,   1), (  1,   2,   3) ],   #C3 
    [ (1/4, 1/5, 1/6), (1/2, 1/3, 1/4), (1/1, 1/2, 1/3), (  1,   1,   1) ]    #C4 
    ]) 
 

# Call Fuzzy AHP Function         
fuzzy_weights, defuzzified_weights, normalized_weights, rc = 
fuzzy_ahp_method(dataset) 
 

# Fuzzy Weigths 
for i in range(0, len(fuzzy_weights)): 
  print('w(C'+str(i+1)+'): ', np.around(fuzzy_weights[i], 3)) 
 

print ('Crisp Weights') 

 
# Crisp Weigths 
for i in range(0, len(defuzzified_weights)): 
  print('w(C'+str(i+1)+'): ', round(defuzzified_weights[i], 3)) 
 

print ('Normalized Weights') 

 
# Normalized Weigths 
for i in range(0, len(normalized_weights)): 
  print('w(C'+str(i+1)+'): ', round(normalized_weights[i], 3)) 
 

print('RC: ' + str(round(rc, 2))) 
if (rc > 0.10): 
  print('The solution is inconsistent, the pairwise comparisons must be 
reviewed') 
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else: 
  print('The solution is consistent') 
   

# Calculate CPPI 
# list of indicator value each project 
 
# Input value of each indicator 
 
#size = int(input("Enter the size of the array: ")) 
 

# Input values into the array 
#CPI = [float(input(f"Enter CPI per index {i}: ")) for i in range(size)] 
#SPI = [float(input(f"Enter SPI per index {i}: ")) for i in range(size)] 
#QPI = [float(input(f"Enter QPI per index {i}: ")) for i in range(size)] 
#CSI = [float(input(f"Enter CSI per index {i}: ")) for i in range(size)] 
 
CPI = np.array([1.0, 1.0, 1.0, 1.0, 1.0]) 
SPI = np.array([1.093, 1.00, 1.036, 1.074, 1.023]) 
QPI = np.array([1.0, 1.0, 1.0, 1.0, 1.0]) 
CSI = np.array([9.83, 8.18, 7.58, 8.54, 8.78]) 
 

# Calculate normalized values 
nCPI = [] 
nSPI = [] 
nQPI = [] 
nCSI = [] 
 

for qpi, csi, cpi, spi in zip(QPI, CSI, CPI, SPI): 

    if 0.505 <= qpi <= 1.005: 
        m = (1.14 - 1.05) / (1.00 - 0.51) 
        c = 1.05 - (m * 0.51) 
    elif 1.005 <= qpi <= 2.005: 

        m = (1.04 - 0.95) / (2.00 - 1.01) 
        c = 0.95 - (m * 1.01) 
    elif 2.005 <= qpi <= 4.005: 

        m = (0.94 - 0.85) / (2.01 - 4.00) 
        c = 0.85 - (m * 2.01) 
    else: 
        m = 0.09 
        c = 0.33 
 

    nqpi = qpi * m + c 

 
    if 9.005 <= csi <= 9.505: 
        m = (1.14 - 1.05) / (9.50 - 9.01) 
        c = 1.05 - (m * 9.01) 
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    elif 8.015 <= csi < 9.005: 
        m = (1.04 - 0.95) / (9.00 - 8.01) 
        c = 0.95 - (m * 8.01) 
 
    elif 6.005 <= csi < 8.005: 
        m = (0.94 - 0.85) / (8.00 - 6.00) 
        c = 0.85 - (m * 6.00) 
 
    else: 
        m = 0.09 
        c = 0.33 
 

    ncsi = csi * m + c 

 

    nCPI.append(cpi) 
    nSPI.append(spi) 
    nQPI.append(nqpi) 
    nCSI.append(ncsi) 
 

# Print the normalized arrays 

print("Normalized CPI:", [round(k, 3) for k in nCPI]) 

print("Normalized SPI:", [round(j, 3) for j in nSPI]) 

print("Normalized QPI:", [round(q, 3) for q in nQPI]) 

print("Normalized CSI:", [round(c, 3) for c in nCSI]) 

 
# CPI = np.array([1.1,0.98,0.89]) 

# SPI = np.array([0.95,1.02,0.88]) 

# QPI = np.array([0.77,1.87,3.05]) 

# CSI = np.array([9.3,8.8,7.9]) 

 
#normalized value of indicator value 

# nCPI = CPI 

# nSPI = SPI 

# nQPI = np.array([1.1,1.03,0.90]) 

# nCSI = np.array([0.92,1.1,0.99]) 

weights = defuzzified_weights 

projects = [f"Project {i+1}" for i in range(len(CPI))] 

cppi_values = [nCPI[i]*weights[0] + nSPI[i]*weights[1] + 

nQPI[i]*weights[2] + nCSI[i]*weights[3] 

               for i in range(len(CPI))] 
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descriptions = ["The overall performance is within target" if 1.015 <= value 
<= 1.025 
                else "The overall performance is below target" if value < 1.015 
                else "The overall performance is exceeded target" 
                for value in cppi_values] 
 

 

# Print the CPPI values and descriptions for each project 
for i in range(len(projects)): 
    print(f"PPI {projects[i]}: {round(cppi_values[i], 2)}") 
    print(descriptions[i]) 
 

# Create table data 
table_data = [[str(i+1), projects[i], round(cppi_values[i], 2), descriptions[i]] 
for i in range(len(projects))] 
table_header = ["No.", "Project", "PPI Fuzzy AHP", "Description"] 
 

# Display the table using tabulate 
print(tabulate(table_data, hseaders=table_header, tablefmt="grid")) 
 
 
 
 

2. Hasil Code 

 

 

 

 

(  4,   5,   6)

(  2,   3,   4)

(1/2, 1/3, 1/4) (1/2, 1/3, 1/4) (  1,   1,   1) (  1,   2,   3)

CSI

(1/4, 1/5, 1/6) (1/2, 1/3, 1/4) (1/1, 1/2, 1/3) (  1,   1,   1)

SP
I

CP
I

CPI SPI QPI

CS
I

Q
PI

(1/2, 1/3, 1/4) (  1,   1,   1) (  2,   3,   4)

 (  1,   1,   1) (  2,   3,   4) (  2,   3,   4)
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w(C1):  [0.361 0.516 0.697] 
w(C2):  [0.214 0.262 0.315] 
w(C3):  [0.128 0.137 0.147] 
w(C4):  [0.107 0.085 0.076] 
 

Crisp Weights 

w(C1):  0.525 
w(C2):  0.264 
w(C3):  0.137 
w(C4):  0.09 
 

Normalized Weights 

w(C1):  0.517 
w(C2):  0.26 
w(C3):  0.135 
w(C4):  0.088 
RC: 0.07 
 
The solution is consistent 
Normalized CPI: [1.0, 1.0, 1.0, 1.0, 1.0] 
Normalized SPI: [1.09, 1.0, 1.04, 1.07, 1.02] 
Normalized QPI: [1.14, 1.14, 1.14, 1.14, 1.14] 
Normalized CSI: [1.21, 0.97, 0.92, 1.0, 1.02] 
 
PPI Project 1:  1.08 
The overall performance is exceeded target 
PPI Project 2:  1.03 
The overall performance is within target 
PPI Project 3:  1.04 
The overall performance is within target 
PPI Project 4:  1.05 
The overall performance is exceeded target 
PPI Project 5:  1.04 
The overall performance is within target 
 

+-------+-----------+------------------+--------------------------------------------+ 
|   No. | Project   | PPI Fuzzy AHP | Description                                | 
+=======+===========+==================+=============
===============================+ 
|     1 | Project 1 |            1.08 | The overall performance is exceeded target 
|+-------+-----------+------------------+--------------------------------------------+ 
|     2 | Project 2 |             1.03 | The overall performance is within target |+-
------+-----------+------------------+--------------------------------------------+ 
|     3 | Project 3 |             1.04 | The overall performance is within target |+-
------+-----------+----- -------------+--------------------------------------------+ 
|     4 | Project 4 |             1.05 | The overall performance is exceeded target 
|+-------+-----------+------------------+--------------------------------------------+ 
|     5 | Project 5 |             1.04 | The overall performance is within target |+-
------+-----------+------------------+--------------------------------------------+ 


