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Algorithm Design Techniques
* Induction (Self-Reduction)

— Divide and Conquer
— Dynamic Programming continued
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Outline

* Hum-Soc reading problem
* String edit problem
* Neat printing problem
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Hum-Soc reading

¢ Youareassignedbooksb,, ... ,b,toreadin
K days (typicaly K<n)
— The books have to be read in order
— You must finish any book you start on the same

day

— Book b, hasp; pages

* Objective: minimize the maximum number
of pagesyou need to read in any day
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Hum-soc reading

Definition:

Let M(i,j) denote the maximum number of pages
you have to read in any day in an optimal
solution to the problem of reading booksb,, ...,
b, inj days
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Hum-soc reading

e BaseCase: j=1,i=0...n
M(i.1)=S-1...iPm

* Inductive Step: j=2.. .k, i=0...n
M(i,j)mmin,_, ;max(M(m,j-1),S,..1 iP)

3/26/01 CS140Lec12-a 6




Hum-soc reading

* Andysis
— Compute M(i,j) for i=0...n, j=1...K
— Each computation can be done in O(n)
— Overal running time is O(nXK)
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String Edit

o Input: SiNgs X=X X,...Xp, ad Y=y y,...y,
¢ Output: Edit distance between X and Y

« Edit operations areinsert/del ete, match and
substitute. Insert/deletes cost ¢, and
subgtitutescost c,. Matchesarefree.

« Edit distance isthe minimum cost of edits
needed to transform X into Y.

String Edit

 Let D(i,j) denote the edit distance between
X xiandyg.y;

3/26/01 Csl140Lec12-a 9

String Edit
¢ Basecase: D(i,j) wherei=0or j=0
—-D(0j) =¢cj
—D(i,0) = cji
* Inductive step: D(i,j) wherei>0 and j>0
= Ifx=y;:
D(i,j) = min( c;+D(i-1,j), ¢, + D(i,j-1), D(i-1j-1))
— Else:
D(i.j) = min( ¢, +D(i-1)), ¢; + D(ij-1), ¢+ D(i-1j-1))

String Edit

Analyss:
D(i,j) takes constant time to compute given D(i-
1j), D(i,j-1) and D(i-1,j-1).
D(i,j) is computed for i=0...n, j=0...m
The running timeis O(hm)

3/26/01 Cs140Lec12-a 1

Neat Printing

* Wewant to print wordswy, ... ,w,
* Wordw; isc; characters long

» Adjacent words on aline must be separated by a
blank

* M characters (including blanks) can be written on
aline

¢ No hyphenation is allowed
* Wewant to minimize the sum of the sguares of the
trailing blanks on the printed lines.
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Neat Printing

e Definition1:

— For j>i let B(i,j) denote the number of trailing
blanks when words w; through w; are printed on
asingle line provided the words fitonas ngle
line. If the words don't fit then B(i,j)=¥.

— Note: if B(i,j) isfinite then j-i+1 £ M/2, which
is constant.

— We can compute B(i,j) for i,j such that j-i+1 £
M/2 in O(n) time.

3/26/01 Csl40Lec12-a

Neat Printing

¢ Definition2:

— Let C(i) denote the minimum cost of printing
words w; ...w;

3/26/01 Csl40Lec12-a 14

Neat Printing

e BaseCasz i=0
- C(0)=0
* Inductive Step: i>0
= C(i) = Min,_; 120, 12 CQ) + BG+1i)2
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Neat Printing

¢ Andyss
— C(i) takes O(1) time to compute given B(i,j) for
j-I+1EM/2
— We need to compute C(i) for i=0,... n
— The running timeis O(n)
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