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Lecture 13 - Knapsack Example

March 31, 2021

import math
import numpy
import random

def random_item():
weight = round(random.random() * 50,2)
value = round(numpy.random.normal (weight, 10, 1)[0],2)
while value < O:
value = round(numpy.random.normal (weight, 10, 1)[0],2)
return (weight, value)

def random_data(N):
items = [random_item() for i in range(N)]
capacity = max(l, round(random.random() * sum(item[0] for item in items)))

return (items, capacity)

N =4
print (random_data(N))

([(18.72, 6.92), (49.05, 29.64), (46.82, 50.39), (5.04, 0.86)], 52)

0.0.1 We will represent each solution in the search space as a set of the indices of the
items it contains.

For example, {0, 2} means the items (17.95, 36.31) and (35.63, 16.47).

def random_solution(N):
sol = set()
for i in range(N):
if random.randint(0,1) ==
sol.add (i)
return sol

random_solution(N)

{0, 1, 3}



[118]: def greedy_solution(items, capacity):

by_density = sorted(enumerate(items), key=lambda e: e[1][1]/e[1][0],,
—reverse=True)

remaining_capacity = capacity

sol = set()

for (index, item) in by_density:
if item[0] <= remaining_capacity:
sol.add(index)
remaining_capacity -= item[1]
return sol

[1:
[119]: def tweak(sol, N):

index = random.randint(1, N-1)
new_sol = set(sol)

if index in new_sol:
new_sol.remove (index)
else:
new_sol.add (index)

return new_sol

[124]: | # def score(sol, item):
# 1f we have exceeded capacity:
# return O
# return sum(items[ind][1] for ind in sol)

[129]: def score(sol, items, capacity):
mu = 5
value = sum(items[ind] [1] for ind in sol)
excess_weight = max(sum(items[ind] [0] for ind in sol) - capacity, 0)
return value * (1 - mu*excess_weight/capacity)

[ 1:

[130]: | # smarter: sample 1000 tweaks to find a good initial_temp that gives a desired,
—p_0
# or: heat the system slowly until the 7 of worsening solutions is what you want
initial_temp = 100
alpha = 0.99
final temp = initial_temp / 2000
trials_per_temp = 1000



N = 100

items, capacity = random_data(N)

sol = random_solution(N)

value = score(sol, items, capacity)

print("Greedy sol:", score(greedy_solution(items, capacity), items, capacity))

Greedy sol: 1707.7900000000002

[131]: temp = initial_temp
generation = 0O
best_sol = None
best_score = None

print("capacity:", capacity)
while temp >= final_temp:
generation += 1
accepted_worse = 0O
total_worse = 0
for i in range(trials_per_temp):
new_sol = tweak(sol, N)
new_value = score(new_sol, items, capacity)

delta = new_value - value
if delta >= 0:
sol = new_sol
value = new_value
if best_score is None or value > best_score:
best_sol = sol
best_score = value

else:
total_worse += 1
p = math.exp(delta/temp)
r = random.random()
if r <= p:
accepted_worse += 1
sol = new_sol

value = new_value

print(
f"Gen #{generation}: temp = {round(temp,2):.2f}, "
f"best = {round(best_score,2):.2f}, best weight = {sum(items[ind] [0]
—for ind in best_sol):.2f}, "
f"cur score = {round(value,2):.2f},
f"worse accepted = {round(accepted_worse/total_worsex100,2):.2f})"

)
temp *= alpha
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best

best

best

best
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weight
weight
weight
weight
weight
weight
weight
weight

weight

1702.

1702.

1702.

1702.

1702.

1702.

1702.

1702.

1702.

1702.

1702.

1702.

1702.

1702

1707.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

88,

88,

88,

88,

88,

88,

88,

88,

88,

88,

88,

88,

88,

.88,

97,

99,
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99,

99,
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99,

99,
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cur
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cur
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sScore
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sScore

sScore

sScore

sScore

sScore

sScore
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Score

Score
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sScore

sScore

sScore

sScore
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1786.79,

Gen #241:

1707.05,

Gen #242:

1743.29,

Gen #243:

1847.20,

Gen #244.

1793.75,

Gen #245:

1823.03,

Gen #246:

1764 .39,

Gen #247:

1704.74,

Gen #248:

1779.22,

Gen #249:

1788.25,

Gen #250:

1795.79,

Gen #251:

1786.88,

Gen #252:

1772.82,

Gen #253:

1759.58,

Gen #254:

1811.97,

Gen #255:

1767.13,

Gen #256:

1785.92,

Gen #257:

1808.19,

Gen #258:

1805.64,

Gen #259:

1795.70,

Gen #260:

1782.37,

Gen #261:

1822.10,

Gen #262:

1779.76,

Gen #263:

1826.70,

Gen #264:

worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp

accepted = 10.50%

= 8.96, best = 1856.

accepted = 14.07%

= 8.87, best = 1856.

accepted = 13.14Y

= 8.78, best = 1856.

accepted = 10.73Y%

= 8.70, best = 1856.

accepted = 11.18%

= 8.61, best = 1856.

accepted = 10.52%

= 8.52, best = 1856.

accepted = 9.95%

= 8.44, best = 1856.

accepted = 9.51%

= 8.35, best = 1856.

accepted = 9.98}

= 8.27, best = 1856.

accepted = 10.84Y%

= 8.19, best = 1856.

accepted = 9.69%

= 8.11, best = 1856.

accepted = 9.03%

= 8.02, best = 1856.

accepted = 9.67%

= 7.94, best = 1856.

accepted = 7.92)

= 7.87, best = 1856.

accepted = 9.44}

= 7.79, best = 1856.

accepted = 9.16%

= 7.71, best = 1856.

accepted = 8.30%

= 7.63, best = 1856.

accepted = 8.97%

= 7.56, best = 1856.

accepted = 8.73}

= 7.48, best = 1856.

accepted = 7.52}

= 7.40, best = 1856.

accepted = 8.77%

= 7.33, best = 1856.

accepted = 9.79%

= 7.26, best = 1856.

accepted = 7.59%

= 7.18, best = 1856.

accepted = 6.47%

= 7.11, best = 1856.
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04,

04,

04,

04,

04,

04,

04,

04,

21,

21,

21,

21,

21,
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21,

21,

21,
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best

best
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best

best

best

best

best

best

best

best
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best

best

best
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1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1708.

1708.

1708.

1708.

1708.

1708.

1708.

1708.

1708.

1708.

1708.

1708.

1708.

1708.

1708.

99,

99,

99,

99,

99,

99,

99,

99,

99,

76,

76,

76,

76,

76,

76,

76,

76,

76,

76,

76,

76,

76,

76,

76,
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sScore
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Score

Score

Score
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sScore

sScore
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Score
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Score

Score
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sScore

sScore

sScore
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1818.27,

Gen #265:

1789.23,

Gen #266:

1796.47,

Gen #267:

1850.40,

Gen #268:

1835.60,

Gen #269:

1800.37,

Gen #270:

1802.24,

Gen #271:

1786.89,

Gen #272:

1787.31,

Gen #273:

1818.77,

Gen #274:

1845.83,

Gen #275:

1805.10,

Gen #276:

1805.38,

Gen #277:

1729.04,

Gen #278:

1801.49,

Gen #279:

1818.89,

Gen #280:

1861.96,

Gen #281:

1847.17,

Gen #282:

1795.14,

Gen #283:

1810.56,

Gen #284:

1800.61,

Gen #285:

1817.23,

Gen #286:

1804.18,

Gen #287:

1791.70,

Gen #288:

worse
temp
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temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
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temp
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temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp

accepted = 8.

= 7.04, best

accepted = 7.

= 6.97, best

accepted = 7.

= 6.90, best

accepted = 7.

= 6.83, best

accepted = 5.

= 6.76, best

accepted = 7.

= 6.70, best

accepted = 6.

= 6.63, best

accepted = 8.

= 6.56, best

accepted = 6.

= 6.50, best

accepted = 6.

= 6.43, best

accepted = 6.

= 6.37, best

accepted = 6.

= 6.30, best

accepted = 6.

= 6.24, best

accepted = 7.

= 6.18, best
accepted = 6
= 6.12, best

accepted = 6.

= 6.06, best

accepted = 6.

= 6.00, best

accepted = 5.

= 5.94, best

accepted = 6.

= 5.88, best

accepted = 5.

= 5.82, best

accepted = 6.

= 5.76, best
accepted = 5
= 5.70, best

accepted = 5.

= 5.65, best

accepted = 4.

= 5.59, Dbest

23%

= 1856.

79%

= 1863.

01%

= 1866.

18%

= 1876.

4T,

= 1876.

74%

= 1876.

26%

= 1876.

347,

= 1876.

05%

= 1876.

79%

= 1876.

63%

= 1876.

17%

= 1876.

147,

= 1876.

88%

= 1876.
.94,
= 1876.

07%

= 1876.

60%

= 1876.

81%

= 1876.

07%

= 1876.

98%

= 1876.

14Y%

= 1876.
.86%
= 1876.

82%

= 1876.

85%

= 1876.
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26,
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26,
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best
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best

best
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best
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best
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1709.

1709.

1709.

1709.

1709.

1709.

1709.
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1709.

1709.

1709.

1709.

1709.

1709.

1709.

1709.

1709.

1709.

76,
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97,

61,

61,

61,

61,

61,

61,

61,

61,

61,

61,

61,

61,

61,

61,

61,

61,

61,

61,
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61,

61,

cur
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1790.40,

Gen #289:

1822.83,

Gen #290:

1836.16,

Gen #291:

1801.85,

Gen #292:

1847.20,

Gen #293:

1818.86,

Gen #294:

1804.52,

Gen #295:

1827.62,

Gen #296:

1803.50,

Gen #297:

1793.90,

Gen #298:

1833.21,

Gen #299:

1836.82,

Gen #300:

1837.88,

Gen #301:

1785.23,

Gen #302:

1835.81,

Gen #303:

1836.97,

Gen #304:

1850.56,

Gen #305:

1844 .34,

Gen #306:

1835.65,

Gen #307:

1796.19,

Gen #308:

1825.75,

Gen #309:

1835.10,

Gen #310:

1831.46,

Gen #311:

1838.21,

Gen #312:

worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp

accepted = 5.

= 5.53, best

accepted = 5.

= 5.48, best

accepted = 3.

= 5.42, best

accepted = 6.

= 5.37, best

accepted = 5.

= 5.31, best

accepted = 4.

= 5.26, best

accepted = 4.

= 5.21, best

accepted = 5.

= 5.16, best

accepted = 2.

= 5.11, best

accepted = 3.

= 5.05, best

accepted = 5.

= 5.00, best

accepted = 4.

= 4.95, best

accepted = 4.

= 4.90, best

accepted = 3.

= 4.86, best
accepted = 4
= 4.81, best

accepted = 2.

= 4.76, best

accepted = 4.

= 4.71, best

accepted = 3.

= 4.66, best

accepted = 3.

= 4.62, best

accepted = 3.

= 4.57, best

accepted = 3.

= 4.53, best
accepted = 3
= 4.48, best

accepted = 4.

= 4.44, best

accepted = 2.

= 4.39, best

30%

= 1876.

05%

= 1876.

74%

= 1876.

247,

= 1876.

15%

= 1876.

74%

= 1876.

05%

= 1876.

19%

= 1876.

47%

= 1876.

439,

= 1876.

04

= 1876.

947,

= 1876.

41Y%

= 1876.

72%

= 1876.
.31%
= 1876.

7%

= 1876.

08%

= 1876.

84%

= 1876.

63%

= 1876.

72

= 1876.

65%

= 1876.
.95%
= 1876.

63%

= 1876.
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= 1876.
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1818.96,

Gen #313:

1843.92,

Gen #314:

1823.84,

Gen #315:

1831.60,

Gen #316:

1819.92,

Gen #317:

1843.60,

Gen #318:

1853.85,

Gen #319:

1847.85,

Gen #320:

1854.49,

Gen #321:

1811.79,

Gen #322:

1827.82,

Gen #323:

1844 .58,

Gen #324:

1831.85,

Gen #325:

1805.77,

Gen #326:

1852.91,

Gen #327:

1853.56,

Gen #328:

1837.21,

Gen #329:

1868.10,

Gen #330:

1850.96,

Gen #331:

1865.67,

Gen #332:

1866.46,

Gen #333:

1839.01,

Gen #334:

1834.55,

Gen #335:

1842.64,

Gen #336:

worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp

accepted = 5.

= 4.35, best

accepted = 3.

= 4.30, best

accepted = 4.

= 4.26, best

accepted = 2.

= 4.22, best

accepted = 3.

= 4.18, best

accepted = 3.

= 4.13, best

accepted = 3.

= 4.09, best

accepted = 2.

= 4.05, best

accepted = 2.

= 4.01, best

accepted = 1.

= 3.97, best

accepted = 2.

= 3.93, best

accepted = 2.

= 3.89, best

accepted = 2.

= 3.85, best

accepted = 2.

= 3.81, best
accepted = 2
= 3.78, best

accepted = 2.

= 3.74, best

accepted = 1.

= 3.70, best

accepted = 2.

= 3.66, best

accepted = 1.

= 3.63, best

accepted = 1.

= 3.59, best

accepted = 1.

= 3.56, best
accepted = 2
= 3.52, best

accepted = 2.

= 3.48, best

accepted = 1.

= 3.45, best

36%

= 1876.

10%

= 1876.

29%

= 1876.

79%

= 1876.

22%

= 1876.

73%

= 1876.

20%

= 1876.

25%

= 1876.

56%

= 1876.

93%

= 1876.

14Y%

= 1876.

76%

= 1876.

66%

= 1876.

88%

= 1876.
.37%
= 1876.

25%

= 1876.

62%

= 1876.

16%

= 1876.

42Y%

= 1876.

949,

= 1876.

83%

= 1876.
.57Y,
= 1876.

04%

= 1876.

11%

= 1876.
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1847.95,

Gen #337:

1851.09,

Gen #338:

1836.18,

Gen #339:

1838.36,

Gen #340:

1859.64,

Gen #341:

1861.47,

Gen #342:

1857.74,

Gen #343:

1841.95,

Gen #344:

1851.19,

Gen #345:

1846.40,

Gen #346:

1863.24,

Gen #347:

1856.91,

Gen #348:

1870.15,

Gen #349:

1855.71,

Gen #350:

1869.99,

Gen #351:

1861.46,

Gen #3b52:

1860.88,

Gen #353:

1856.14,

Gen #354:

1865.08,

Gen #355:

1865.11,

Gen #356:

1871.23,

Gen #357:

1853.01,

Gen #358:

1856.77,

Gen #359:

1851.04,

Gen #360:

worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
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temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp

accepted = 1.

= 3.42, best

accepted = 1.

= 3.38, best

accepted = 1.

= 3.35, best

accepted = 1.

= 3.31, best

accepted = 2.

= 3.28, best

accepted = 1.

= 3.25, best

accepted = 1.

= 3.22, best

accepted = 1.

= 3.18, best

accepted = 1.

= 3.15, best

accepted = 1.

= 3.12, best

accepted = 1.

= 3.09, best

accepted = 1.

= 3.06, best

accepted = 1.

= 3.03, best

accepted = 1.

= 3.00, best
accepted =1
= 2.97, best

accepted = 1.

= 2.94, best

accepted = 1.

= 2.91, best

accepted = 1.

= 2.88, best

accepted = 1.

= 2.85, best

accepted = 0.

= 2.82, best

accepted = 0.

= 2.79, best
accepted =1
= 2.77, best

accepted = 0.

= 2.74, best

accepted = 0.

= 2.71, best

32%

= 1876.

73%

= 1876.

21%

= 1876.

73%

= 1876.

35%

= 1876.

62%

= 1881.

53%

= 1881.

947,

= 1881.

32%

= 1881.

93%

= 1881.

11%

= 1881.

73%

= 1881.

83%

= 1881.

32%

= 1881.
.63%
= 1881.

439,

= 1881.

01%

= 1881.

439,

= 1881.

42Y%

= 1881.

40%

= 1881.

81%

= 1881.
.01Y,
= 1881.

91%

= 1881.

91%

= 1881.
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weight
weight
weight
weight
weight
weight
weight

weight

1709.

1709.

1709.

1709.

1709.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

61,

61,

61,

61,

61,

78,

78,

78,

78,

78,

78,

78,

78,

78,

78,

78,

78,

78,

78,

78,

78,

78,

78,

78,

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

sScore

Score

Score

Score

Score

Score

Score

score

sScore

sScore

Score

Score

Score

Score

Score

Score

Score

Score

score

sScore

sScore

sScore

sScore
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1865.02,

Gen #361:

1863.36,

Gen #362:

1861.47,

Gen #363:

1848.74,

Gen #364:

1853.00,

Gen #365:

1837.32,

Gen #366:

1858.68,

Gen #367:

1858.68,

Gen #368:

1852.11,

Gen #369:

1858.28,

Gen #370:

1843.48,

Gen #371:

1852.37,

Gen #372:

1851.38,

Gen #373:

1852.03,

Gen #374:

1850.82,

Gen #375:

1873.27,

Gen #376:

1877.10,

Gen #377:

1870.28,

Gen #378:

1871.31,

Gen #379:

1867.18,

Gen #380:

1872.63,

Gen #381:

1869.00,

Gen #382:

1879.06,

Gen #383:

1879.63,

Gen #384:

worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp

accepted = 1.

= 2.68, best

accepted = 0.

= 2.66, best

accepted = 0.

= 2.63, best

accepted = 0.

= 2.60, best

accepted = 0.

= 2.58, best

accepted = 1.

= 2.55, best

accepted = 1.

= 2.53, best

accepted = 0.

= 2.50, best

accepted = 0.

= 2.48, best

accepted = 0.

= 2.45, best

accepted = 0.

= 2.43, best

accepted = 1.

= 2.40, best

accepted = 0.

= 2.38, best

accepted = 0.

= 2.35, best
accepted = 0
= 2.33, best

accepted = 0.

= 2.31, best

accepted = 0.

= 2.28, best

accepted = 0.

= 2.26, best

accepted = 0.

= 2.24, best

accepted = 0.

= 2.22, best

accepted = 0.

= 2.19, best
accepted = 0
= 2.17, best

accepted = 0.

= 2.15, best

accepted = 0.

= 2.13, best

229,

= 1881.

20%

= 1881.

50%

= 1881.

70%

= 1881.

81%

= 1881.

73%

= 1881.

429

= 1881.

20%

= 1881.

81%

= 1881.

91%

= 1881.

70%

= 1881.

32%

= 1881.

60%

= 1881.

81%

= 1881.
.60%
= 1881.

81%

= 1881.

20%

= 1881.

50%

= 1881.

50%

= 1881.

30%

= 1881.

71%

= 1881.
.20%
= 1883.

407%

= 1883.

30%

= 1883.

17,

17,

17,

17,

17,

17,

17,

17,

17,

17,

17,

17,

17,

17,

17,

17,

17,

17,

17,

17,

17,

38,

38,

38,

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best
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weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight

weight

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1711.

1711.

1711.

78,

78,

78,

78,

78,

78,

78,

78,

78,

78,

78,

78,

78,

78,

78,

78,

78,

78,

78,

78,

78,

10,

10,

10,

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

sScore

Score

Score

Score

Score

Score

Score

score

sScore

sScore

Score

Score

Score

Score

Score

Score

Score

Score

score

sScore

sScore

sScore

sScore

Score



1883.38,

Gen #385:

1876.58,

Gen #386:

1866.43,

Gen #387:

1880.86,

Gen #388:

1875.83,

Gen #389:

1878.52,

Gen #390:

1878.52,

Gen #391:

1876.79,

Gen #392:

1874.93,

Gen #393:

1879.23,

Gen #394:

1879.23,

Gen #395:

1879.29,

Gen #396:

1872.07,

Gen #397:

1876.79,

Gen #398:

1884.39,

Gen #399:

1887.91,

Gen #400:

1887.91,

Gen #401:

1887.91,

Gen #402:

1887.91,

Gen #403:

1874.60,

Gen #404:

1882.97,

Gen #405:

1880.02,

Gen #406:

1884.63,

Gen #407:

1883.43,

Gen #408:

worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp

accepted = 0.

= 2.11, best

accepted = 0.

= 2.09, best

accepted = 0.

= 2.07, best

accepted = 1.

= 2.05, best

accepted = 0.

= 2.03, best

accepted = 0.

= 2.00, best

accepted = 0.

= 1.98, best

accepted = 0.

= 1.96, best

accepted = 0.

= 1.95, best

accepted = 0.

= 1.93, best

accepted = 0.

= 1.91, best

accepted = 0.

= 1.89, best

accepted = 0.

= 1.87, best

accepted = 0.

= 1.85, best
accepted = 0
= 1.83, best

accepted = 0.

= 1.81, best

accepted = 0.

= 1.80, best

accepted = 0.

= 1.78, best

accepted = 0.

= 1.76, best

accepted = 0.

= 1.74, best

accepted = 0.

= 1.72, best
accepted = 0
= 1.71, best

accepted = 1.

= 1.69, best

accepted = 0.

= 1.67, best

30%

= 1883.

91%

= 1883.

407%

= 1883.

32%

= 1883.

30%

= 1883.

40%

= 1883.

10%

= 1883.

30%

= 1883.

50%

= 1883.

10%

= 1883.

10%

= 1883.

30%

= 1883.

40%

= 1883.

60%

= 1884.
.30%
= 1887.

20%

= 1887.

10%

= 1887.

00%

= 1887.

00%

= 1887.

40%

= 1887.

20%

= 1887.
.50,
= 1887.

01%

= 1887.

81%

= 1887.

38,

38,

38,

38,

38,

38,

38,

38,

38,

38,

38,

38,

38,

39,

91,

91,

91,

91,

91,

91,

91,

91,

91,

91,

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best
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weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight

weight

1711.

1711.

1711.

1711.

1711.

1711.

1711.

1711.

1711.

1711.

1711.

1711.

1711.

1707.

1711.

1711.

1711.

1711.

1711.

1711.

1711.

1711.

1711.

1711.

10,

10,

10,

10,

10,

10,

10,

10,

10,

10,

10,

10,

10,

23,

03,

03,

03,

03,

03,

03,

03,

03,

03,

03,

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

sScore

Score

Score

Score

Score

Score

Score

score

sScore

sScore

Score

Score

Score

Score

Score

Score

Score

Score

score

sScore

sScore

sScore

sScore

Score



1876.17,

Gen #409:

1879.62,

Gen #410:

1885.97,

Gen #411:

1883.11,

Gen #412:

1883.43,

Gen #413:

1883.83,

Gen #414:

1882.97,

Gen #415:

1889.69,

Gen #416:

1882.72,

Gen #417:

1882.72,

Gen #418:

1885.16,

Gen #419:

1887.62,

Gen #420:

1887.62,

Gen #421:

1880.13,

Gen #422:

1886.07,

Gen #423:

1887.95,

Gen #424:

1887.95,

Gen #425:

1884.32,

Gen #426:

1880.02,

Gen #427:

1884.32,

Gen #428:

1884.32,

Gen #429:

1883.65,

Gen #430:

1887.95,

Gen #431:

1887.95,

Gen #432:

worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp

accepted = 0.

= 1.66, best

accepted = 0.

= 1.64, best

accepted = 0.

= 1.62, best

accepted = 0.

= 1.61, best

accepted = 0.

= 1.59, best

accepted = 0.

= 1.58, best

accepted = 0.

= 1.56, best

accepted = 0.

= 1.54, best

accepted = 0.

= 1.53, best

accepted = 0.

= 1.51, best

accepted = 0.

= 1.50, best

accepted = 0.

= 1.48, best

accepted = 0.

= 1.47, best

accepted = 0.

= 1.45, best
accepted = 0
= 1.44, best

accepted = 0.

= 1.42, best

accepted = 0.

= 1.41, best

accepted = 0.

= 1.40, best

accepted = 0.

= 1.38, best

accepted = 0.

= 1.37, best

accepted = 0.

= 1.35, best
accepted = 0
= 1.34, best

accepted = 0.

= 1.33, best

accepted = 0.

= 1.31, best

60%

= 1887.

50%

= 1887.

30%

= 1887.

30%

= 1887.

70%

= 1887.

10%

= 1887.

50%

= 1889.

20%

= 1889.

20%

= 1889.

00%

= 1889.

20%

= 1889.

50%

= 1889.

10%

= 1889.

20%

= 1889.
.60%
= 1889.

407%

= 1889.

10%

= 1889.

10%

= 1889.

10%

= 1889.

00%

= 1889.

00%

= 1889.
.30%
= 1889.

10%

= 1889.

00%

= 1889.

91,

91,

91,

91,

91,

91,

69,

69,

69,

69,

69,
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69,
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69,

69,

69,

69,

69,

69,

69,

69,

69,

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best
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weight
weight
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weight
weight
weight
weight
weight
weight
weight
weight
weight
weight
weight

weight

1711.

1711.

1711.

1711.

1711.

1711.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

1710.

03,

03,

03,

03,

03,

03,

73,

73,

73,

73,

73,

73,

73,

73,

73,

73,

73,

73,

73,

73,

73,

73,

73,

73,

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

cur

sScore

Score

Score

Score

Score

Score
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sScore

sScore
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Score

Score

Score

Score

Score

Score

Score
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sScore

sScore

sScore
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1887.95,

Gen #433:

1887.95,

Gen #434:

1890.30,

Gen #435:

1890.30,

Gen #436:

1888.38,

Gen #437:

1890.30,

Gen #438:

1890.30,

Gen #439:

1888.23,

Gen #440:

1888.23,

Gen #441:

1888.23,

Gen #442:

1888.23,

Gen #443:

1888.23,

Gen #444:

1888.23,

Gen #445:

1888.23,

Gen #446:

1888.23,

Gen #447:

1888.23,

Gen #448:

1888.23,

Gen #449:

1888.23,

Gen #450:

1888.23,

Gen #451:

1888.23,

Gen #452:

1887.61,

Gen #453:

1888.53,

Gen #454:

1888.53,

Gen #455:

1888.53,

Gen #456:

worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp

accepted = 0.

= 1.30, best

accepted = 0.

= 1.29, best

accepted = 0.

= 1.28, best

accepted = 0.

= 1.26, best

accepted = 0.

= 1.25, best

accepted = 0.

= 1.24, best

accepted = 0.

= 1.23, best

accepted = 0.

= 1.21, best

accepted = 0.

= 1.20, best

accepted = 0.

= 1.19, best

accepted = 0.

= 1.18, best

accepted = 0.

= 1.17, best

accepted = 0.

= 1.15, best

accepted = 0.

= 1.14, best
accepted = 0
= 1.13, best

accepted = 0.

= 1.12, best

accepted = 0.

= 1.11, best

accepted = 0.

= 1.10, best

accepted = 0.

= 1.09, best

accepted = 0.

= 1.08, best

accepted = 0.

= 1.06, best
accepted = 0
= 1.05, best

accepted = 0.

= 1.04, best

accepted = 0.

= 1.03, best

10%

= 1889.

00%

= 1890.

30%

= 1890.

00%

= 1890.

10%

= 1890.

50%

= 1890.

10%

= 1890.

10%

= 1890.

00%

= 1890.

00%

= 1890.

00%

= 1890.

00%

= 1890.

00%

= 1890.

00%

= 1890.
.00%
= 1890.

00%

= 1890.

00%

= 1890.

50%

= 1890.

00%

= 1890.

00%

= 1890.

20%

= 1890.
.30%
= 1890.

00%

= 1890.

00%

= 1890.
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30,

30,
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30,

30,

30,
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30,

30,
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30,

30,
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best

best
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best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best

best
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1709.

1709.

1709.

1709.

1709.

1709.

1709.

1709.

1709.

1709.

1709.

1709.

1709.

1709.

1709.

1709.

1709.

1709.

1709.

1709.

1709.

1709.

73,

43,

43,

43,

43,

43,

43,

43,

43,

43,

43,

43,

43,

43,

43,

43,

43,

43,

43,

43,

43,

43,

43,

43,

cur
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cur

cur
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cur
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Score
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sScore
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1888.53,

Gen #457:

1888.53,

Gen #458:

1890.30,

Gen #459:

1890.30,

Gen #460:

1890.30,

Gen #461:

1890.30,

Gen #462:

1890.30,

Gen #463:

1890.30,

Gen #464:

1890.30,

Gen #465:

1890.30,

Gen #466:

1890.30,

Gen #467:

1890.30,

Gen #468:

1890.30,

Gen #469:

1890.30,

Gen #470:

1890.30,

Gen #471:

1890.30,

Gen #472:

1890.30,

Gen #473:

1890.30,

Gen #474:

1890.30,

Gen #475:

1890.30,

Gen #476:

1890.30,

Gen #477:

1890.30,

Gen #478:

1890.30,

Gen #479:

1890.30,

Gen #480:

worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp
worse
temp

accepted = 0.

= 1.02, best

accepted = 0.

= 1.01, best

accepted = 0.

= 1.00, best

accepted = 0.

= 0.99, Dbest

accepted = 0.

= 0.98, best

accepted = 0.

= 0.97, best

accepted = 0.

= 0.96, best

accepted = 0.

= 0.95, best

accepted = 0.

= 0.94, best

accepted = 0.

= 0.93, best

accepted = 0.

= 0.92, best

accepted = 0.

= 0.92, best

accepted = 0.

= 0.91, best

accepted = 0.

= 0.90, best
accepted = 0
= 0.89, best

accepted = 0.

= 0.88, best

accepted = 0.

= 0.87, best

accepted = 0.

= 0.86, best

accepted = 0.

= 0.85, best

accepted = 0.

= 0.84, best

accepted = 0.

= 0.84, best
accepted = 0
= 0.83, best

accepted = 0.

= 0.82, best

accepted = 0.

= 0.81, best

00%

= 1890.

00%

= 1890.

10%

= 1890.

00%

= 1890.

00%

= 1890.

00%

= 1890.

00%

= 1890.

00%

= 1890.

10%

= 1890.

00%

= 1890.

00%

= 1890.

00%

= 1890.

00%

= 1890.

00%

= 1890.
.00%
= 1890.

00%

= 1890.

00%

= 1890.

00%

= 1890.

10%

= 1890.

00%

= 1890.

00%

= 1890.
.00Y,
= 1890.

00%

= 1890.

00%

= 1890.

30,

30,

30,

30,

30,

30,

30,

30,

30,

30,

30,

30,

30,

30,
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30,

30,

best
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best

best

best

best

best

best

best

best

best

best

best

best
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1890.30,
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1890.30,
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1890.30,
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1890.30,
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1890.30,
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1890.30,
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1890.30,

Gen #734:

1890.30,

Gen #735:

1890.30,
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1890.30,
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1890.30,
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1890.30,
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= 0.07, best

accepted = 0.
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= 0.07, best

accepted = 0.
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[123]:

[123]:

1890.30,
Gen #745:
1890.30,
Gen #746:
1890.30,
Gen #747:
1890.30,
Gen #748:
1890. 30,
Gen #749:
1890. 30,
Gen #750:
1890.30,
Gen #751:
1890.30,
Gen #752:
1890.30,
Gen #753:
1890.30,
Gen #754:
1890.30,
Gen #755:
1890.30,
Gen #756:
1890.30,
Gen #757:
1890.30,
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47,
48,
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64,
65,
66,
67,
68,
69,
70,
71,
72,
73,
74,
75,
76,
77,
78,
79,
80,
81,
82,
83,
84,
85,
86,
87,
88,
89,
90,
o1,
92,
93,
94,
95,
96,
97,
98,
99}

[102] : greedy_solution(items, capacity)
[102]: {5, 8%}

[103]: best_score

[103]: 255.32999999999998

[105] : score(greedy_solution(items, capacity), items)

37



[105]: 42.35

[]:

[]:

[]:

[]:

[]:
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	We will represent each solution in the search space as a set of the indices of the items it contains.

