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Lecture 9:

* Dynamic Programming:
Tug of War / Subset Sum / Knapsacks
Edit Distance / Alighments
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Tug of War
Subset-Sum
Knapsack
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Tug-of-War

* Input: weights wy, ..., w,; € N for n students
* Define T = ),; w;
* Qutput: a subset of students S with weight as large

as possible but not more than T'/2
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Subset Sum (generalization of ToW) ,
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* Input: weights wy, ..., w, Ej\%:n items, and a

maximum weight T > 0

* Qutput: a subset of students S with weight as large
as possible but not more than T

e SC{l,..,n}, Ws =Y,cow;
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OPT(1 ) = valoe of OPT dor 0,00
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Tug-of-War (Bottom-Up)

ToW(wy, ..., w,,, T):
Let M[0: n, 0: T] be an array to store the solutions
M[0,t] <« Oforall0 <t <T ML{,0l-0 !=c=n
Fori=1,..,n:

Fort =&)\..,T: -
o0 et Mt maxé M 01, €01 MU, - '”“zi
]Q U}?’é M[C/{(S & MEZ"/ {K

Return M[n, T]|
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Knapsack V¢ [ LJ;’-VLK

* Input: weights and values (wy,v,), ..., (w,, vy,) for
n items, and a maximum weight T > 0

* Qutput: a subset of students S with value as large
as possible but weight at most T
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Ask the Audience

* Let OPT (i, t) be the optimal solution for items
1, ..., 1 with weight at most t.

« OPT(i,t) =277
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* Can aIsox&subset sum and knapsack problems
in O(nT) time whereT is the msmmweight

* Note, dependence onT is rather undesirable, what if
M = 21687
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Edit Distance
Alignments



Distance Between Strings

» Autocorrect is (usually) pretty good

ocurrance $$ Q

All Shopping Maps News Images More Settings Tools

About 36,400 results (0.62 seconds)

Did you mean: occurrence

* ocurrance and occurrence seem similar, but
only if we define similarity carefully

ocurrance OC urrance
occurrence occurrence
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Edit Distance / Alignments
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* Given two strings x E@‘,y € £™, the edit distance
is the number of insertions, deletions, and swaps

—_—

required to turn x into y. replace au/ b.

* Given an alignment, the cost is the number of
positions where the two strings don’t agree
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Ask the Audience

* What is the minimum cost alignment of the strings
moon and money

Mm O © n
cost 5

m 0 n ¢ 9

cost 5



Edit Distance / Allgnmentsem boe o checkf
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* OQutput: The minimum cost alignment of x and y
Gd?+ Al]+M(€

* Input: Two strings x € X",y € ¥™



Dynamic Programming ki %o
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* As always, consider the optimal alighment...

* Three choices for the final column o st

e Case l:only use x ( x,,, — ) Consi (3—3
* Casell:onlyusey (—, Vi, )
* Case lll: use one symbol from each ( x,,, Vi, )

case T case T case Tl
’7 !
277 Yon - Ko
— I jm
OPT o ¥, o 4| OPT %

oyl 0T Fys ot 0

®)
Yu-sgm ¥ Yooy P gy faF Yo

-\-Oo.u_



Vecurrence
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Dynamic Programming

* As always, consider the optimal alighment...

* Three choices for the final column
e Case l:only use x ( x,,, — )
e Casell:onlyusey (—, v, )
* Case lll: use one symbol from each ( x,,, Vi, )






Ask the Audience

* Suppose adding a space costs 6 > 0 and aligning
a, b costs ¢, , > 0. Write a recurrence for the
minimum cost alignment.



Summary

e Can compute the edit distance, or minimum cost
alignment between two strings in time O (nm)

* Works for any alphabet, assuming we can decide if two
symbols are equal in 0(1) time

* There was nothing special about our notion of
alignment cost

* In general: cost ¢ for using a space (cases I/Il) and
costs ¢, p for aligning a, b € X (case lll)

* Can still solve in O(nm) time

* Uses O(nm) space, more prohibitive in practice



