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The knapsack Problem

11pct : n items with values Vi and weights w ;

and a capacity C

04¥ : A subset S≤ { 1
,
. . . ,n3 of items to put in

the knapsack that satisfies Wi ≤ C

and has maximum value
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Writing a Recurrence : Take I
Let OPT / i) be the optimal value using only
items 1,2 , . _. , i ( for i= 0,1 , . __ , n)

Cate: Hemi not in the optimal solution

OPT / i) = OPT / i - 1)
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Writing a Recurrence : Take It
Let OPT / i

,
t) to be the value of the optimal solution

with items 1,2 , _ _ .

>
i and capacity t

( for i = 0,1 , . . . > n and -1=0,1 , . . . , C)
← assume weights

are integers
≥0

Casey: i not in the opt solution Casey : i is in the optimal solution

OPT / i
,
-1) = OPT / i-1 , -1) OPT / i

,
-c) = vi. + OPT / i -1 ,t - Wi)

OPT ( i
,
-4 = max { OPT / i-1 , -17 , Vit OPT / i-1 , -1

- wi)}

OPT / 0
,
-17=0 OPT ( i. 07=0 OPT ( i , -) = -•



Example S={32 }
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Running Time Analysis
① #of subproblem , = Intl) (Ctl) = Olnc)

timepesubpnbhen-
Okc)

compare to tying
all subsets , t.me

0127
② Algorithms can

be hard to

compare
when there are multiple parameter

③ ÷☐_ . .
. E Thing . not

really a poly time

algorithm .
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Shortest Paths

KPI: Given a directed
, weighted graph G-_ (V, E, {le})

[assume no negative length cycles]

and a pair
of nodes + c- ✓

Output : A path from s to t of minimum total length 2- le
efp

(for every stv)

→
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Structure of Shortest Paths

s•ÑT•→t

is a shortest path from S to u



Writing a Recurrence : Take I

OPT / u) is the length of the shortest path

from u
to t ( for all u c- V)

•
→
a-• e

Caer : the first hop
"→:))

on the stories u→t

path is (air)

OPT /a) = heart OPT (v)

OPT (a) = min {lu→r+ OPT /v1} OPT /-4=0
v : u→rEE



Writing a Recurrence : Take I

↓→\
OPT Iu) = ;%→rer={lu→r+ OPT /v1} OPT 1-4=0

abT
node v

OPT /v7 0

←



Writing a Recurrence : Take I

;uÉ;
i hops

OPT / u
,
i) to be the length of the shortest u→t path

using
at most i hops ( for utv and i --0,1 , - - - on -1)

T
why?

{ law + OPT /v. i- i)}
OPT / u

,
i) = min

v : U→vEE

OPT It
,
i) = 0 OPTCU

,
0) = •

u≠t



Example
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