0-1 Knapsack problem
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Knapsack problem
zﬁmﬁ*uﬂ@mﬁwﬂzﬁ 2 version
1. 0-1 knapsack problem

2. Fractional knapsack problem (uiisreailugeias 15)
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0-1 Knapsack problem

Weight Benefit value
ltem W. b.

2 3
3 4

L
— I

knapsack
Max weight: W = 20




0-1 Knapsack problem
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Defining a Subproblem
e lEAnIn Tl
L dynamic programming
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Defining a Subproblem
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Defining a Subproblem
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Defining a Subproblem
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Recursive

B[k —1,w] if wy, >W

Blk,w| = .
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Base case
base case
QIQI 1 = 1 N Vv 1
1. WnN&aEnaNauady 0 wansdman i g, yaf1sau=2

2. ynlazewsinaniNauinene wansdnaenléilug yarisan=?

NICULINAL
fori=1ton
BI[i,0]=0
NsifidndAa
for w=0 to W
B[O,W]=0



for i=1 to n
Bli,0]=0
for w=0 to W
B[O,w]=0
fori=1 ton
for w=0 to W
if w. <=w
if b.+B[i-1,w-w]>B[i-1,w]
Bli,w] = b.+B[i-1,w-w ]
else
Bli,w] = B[i-1,w]

else B[i,w] = BJi-1,w] I, > w



Example
n=4
W=5

A9UD9 (Wnin, yYar)

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






Fill basecase

\W o0 1
0 0 0
1 0
5 0
3 0
A 0
fori=1ton
B[i,0]=0
forw=0to W

B[O,w]=0



0 0 0 0 0 0 0 i—1
[

1 0 ‘ 0 b=3

2 0 w,=2

3 0 w=1

4 0

ifw <=w
if b+B[i-1,w-w ]>B[i-1,w]
B[i,w] = b+B[i-1,w-w ]

else
Bli,w] = B[i-1,w]

else Bl[i,w] = B[i-1,w]




0 0 0
N
2 0
3 0
4 0
if w, <= w

if b.+Bli-1,w-w]>B[i-1,w]
Bli,w] = b.+B[i-1,w-w]
else
Bli,w] = B[i-1,w]
else B[i,w] = B[i-1,w]




0 0 0o
1 0 0 BEE
5 0
3 0
4 0
ifw, <= w

if b.+Bli-1,w-w]>B[i-1,w]
Bli,w] = b.+B[i-1,w-w]
else
Bli,w] = B[i-1,w]
else B[i,w] = B[i-1,w]




0 0 0
1 0 0 —
5 0
3 0
4 0
ifw, <= w

if b.+Bli-1,w-w]>B[i-1,w]
Bli,w] = b.+B[i-1,w-w]
else
Bli,w] = B[i-1,w]
else B[i,w] = B[i-1,w]




0 0 0
1 0 0
5 0
3 0
4 0

ifw, <= w

if b.+Bli-1,w-w]>B[i-1,w]
Bli,w] = b.+B[i-1,w-w]
else
Bli,w] = B[i-1,w]
else B[i,w] = B[i-1,w]




\W o0 1 5
O o ‘ 0 =2
"y’ 3 b=4
2 0 K w=3
3 0 w=1
A 0

ifw <= w

if b+B[i-1,w-w ]>B[i-1,w]
B[i,w] = b+B[i-1,w-w]
else
B[i,w] = B[i-1,w]

else B[i,w] = B[i-1,w]

Item(w,b)

3 (4,5)
4 (5,6)



\W o0 1 5
O o ‘ 0 =2
1 0 0 3 bi:4
2 0 0 w=3
3 0 w=2
A 0

ifw <= w

if b+B[i-1,w-w ]>B[i-1,w]
B[i,w] = b+B[i-1,w-w]
else
B[i,w] = B[i-1,w]

else B[i,w] = B[i-1,w]

Item(w,b)

3 (4,5)
4 (5,6)



\W o0 1 2 5
0 0 0 0 0
1 0 | 0 3 3
2 . N.»
3 0
4 0

ifw <=w

if b.+Bli-1,w-w]>B[i-1,w]
Bli,w] = b.+B[i-1,w-w]
else
Bli,w] = B[i-1,w]
else B[i,w] = B[i-1,w]

Item(w,b)

3 (4,5)
4 (5,6)



\W o 1 5
0 0 0 0
: 0 0 L5 3
5 0 0 T
3 0
4 0

ifw, <= w

if b.+Bli-1,w-w]>B[i-1,w]
Bli,w] = b.+B[i-1,w-w]
else
Bli,w] = B[i-1,w]
else B[i,w] = B[i-1,w]

Item(w,b)

3 (4,5)
4 (5,6)



\W o 1 5
0 0 0 0
1 0 0 —2 3
2 0 0 \" 7
3 0
4 0

ifw, <= w

if b.+Bli-1,w-w]>B[i-1,w]
Bli,w] = b.+B[i-1,w-w]
else
Bli,w] = B[i-1,w]
else B[i,w] = B[i-1,w]

Item(w,b)

3 (4,5)
4 (5,6)



ARILANTRNARIATITI

\W o0 1 2 5
0 0 0 0 0
1 0 0 3 3
2 0 0 3 7
3 0
4 0
ifw <=w
if b.+Bi-1,w-w]>B[i-1,w]
B[i,w] = b+B[i-1,w-w] 1 (2’3)
else 2 (3;4)
B[i,w] = B[i-1,w] 3 (4,5)

else B[i,w] = B[i-1,w]

4 (5,6)




0 0 0

1 0 0

2 0 0

3 0 0

A 0 0
ifw <= w

if b.+Bli-1,w-w]>B[i-1,w]
B[i,w] = b+B[i-1,w-w]
else
Bli,w] = B[i-1,w]
else B[i,w] = B[i-1,w]

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




How to find actual knapsack items
m@uﬁ%‘ﬁ@yj@nﬂ@ﬂw@@ummq
Bln,W] urnunnfigaesdeesiignladnlillugad
19 i=n way k=W
if Bli,k] != Bli-1,k] then
mark the i item as in the knapsack
i=i-1, k=k-w
else
i=i-1  //Assume the ith item is not in the knapsack

//Could it be in the optimally packed knapsack?



0 0 0 0 0 0 0
1 0 0 3 3 3 3
5 0 0 3 4 4 7
3 0 0 3 4 5 7
A 0 0 3 4 5 7
i=n, k=W
while i,k>0 1(2,3)
if B[i,k] != B[i.-l,.k] then. 2 (3,4)
mark the ith item as in the knapsack
i=i-1, k=k-w, 33
else 4 (5,6)

i=i-1



\W o0 1 2 5
0 0 0 0 0
1 0 0 3 3
2 0 0 3 7
3 0 0 3 [71\
A 0 0 3 U
i=n, k=W
while i,k>0 1(2,3)
if B[i,k] != B[i-1,k] then 2 (3,4)
mark the ith item as in the knapsack '
i=i-1, k=k-w; 3 (4,5)
else 4 (5,6)

i=i-1




\W o0 1 2 5
0 0 0 0 0
1 0 0 3 3
5 0 0 3 [;1\
3 0 0 3 w
A 0 0 3 7
i=n, k=W
while i,k>0 1(2,3)
if B[i,k] != B[i-1,k] then 2 (3,4)
mark the ith item as in the knapsack '
i=i-1, k=k-w; 3 (4,5)
else 4 (5,6)

i=i-1




0 0 0
1 0 0
@» 0 0
3 0 0
4 0 0
i=n, k=W
while i,k>0 1(2,3)

if B[i, k] !=B[i-1,k] then

o . 2 (3,4)

mark the ith item as in the knapsack
i=i-1, k=k-w; 3 (4,5)
else 4 (5,6)

i=i-1



i\W
0
@ 0 0 w 3 3 3
0,
3
4

i=n, k=W
while i,k>0 1(2,3)
if B[i,k] !=BJi-1,k] then

o . 2 (3,4)

mark the ith item as in the knapsack
i=i-1, k=k-w; 3 (4,5)
else 4 (5,6)

i=i-1
The optimal knapsack should be {1,2}



