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hash n items into k locations

— (a) probability that all n items hash to different locations
* n>k:0 )
* n<k:

k
kn

— (b) probability that the i-th item is the first collision
e A7 i-1

Kok

— (c) expected number of items you hash until the first collision

. min(n,k+l) Az1 i 1
; kz -1 k
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* expected number of empty slots when you hash 2k items into
a hash table with k slots

— E¥5.15 2
- {1-4)

* expected fraction of empty slots when k is reasonably large
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* Selects a key uniformly at random from among n keys in the
hash table of size m and returns it in expected time
O(L(1+1/a)).
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e character string interpreted in radix 2P

— XX Xg 2 2X:(2P)!

= l) o ) b ) e )
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e (d) Show that the expected length E[X] of the longest probe
sequence is O(lgn).

2lgn

Elx]= Zn:iPr(X =i)= Y iPr(X =i)+ Zn:iPr(X =1)
i=1 i=1 i=21gn+1
2lgn

<2lgny Pr(X =i)+n Zn:Pr(X =)
i=1

i=21gn+1

=21gnPr(X <2lgn)+nPr(X >2lgn)

<2lgn+ nO(lj

=0(lgn)
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* (b) Show that P ,<nQ,.
— P =Pr(m % M — MG HK)
=Pr(fF£7E— e vk HH AR 152k)
<Pr(f£1E—Ma k)
<SPr(ZEi~ 15 k)
=2Qy
=nQ,
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1. Characterize the structure of an optimal solution.

Recursively define the value of an optimal solution.
Compute the value of an optimal solution.

W N

Construct an optimal solution from computed information.

7 X R 5E dynamic programmingiz 47 I [A] Y22 2 A2 MR A2
top-down with memorizationfllbottom-up method™f-|> 5 {5 ?
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Characterize the structure of an optimal solution.

o /4

—

Recursively define the value of an optimal solution.
Compute the value of an optimal solution.
Construct an optimal solution from computed information.

ol S

IDDBD OO (O OOHo
(a) (b) (¢) (d)

DD OO (OO0 OODOO

lengthi |1 2 3 4 5 6 7 8 9 10

picep; |1 5 8 9 10 17 17 20 24 30 12
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1. Characterize the structure of an optimal solution.
2. Recursively define the value of an optimal solution.
3. Compute the value of an optimal solution.
4. Construct an optimal solution from computed information.
PRINT-CUT-ROD-SOLUTION(p. n)
. . 1 (r,s) = EXTENDED-BOTTOM-UP-CUT-ROD(p,n)
I'n = II]ZI\ (p’ + In—i) 2 whilen >0
1<i<n .
- = 3 print s[n]
4 n =n-—s[n]
9 1 3 5 b} 8 1
Q1)) 00 ) Q)0 ) 9) )0
(a) (b) (¢) (d)

OOD OO MDD DOOO

lengthi |1 2 3 4 5 6 7 8 9 10
picep; |1 5 8 9 10 17 17 20 24 30

13
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Characterize the structure of an optimal solution.

Recursively define the value of an optimal solution.
Compute the value of an optimal solution.

1.
2.
3.
4. Construct an optimal solution from computed information.

(A1(A2(A3A4))) .
(A1((A243)A4)) .
((A;45)(A3Ay)) .
((A,;(A,A3))Ay) .
(((A;A5)A3)Ay) .



\J

0] /2. dynamic programming ' S5 ()

T

o 4

SHE U BH SR fiddmatrix-chain multiplication [ P/~ 20 B 1L, 2

—

1. Characterize the structure of an optimal solution.
2. Recursively define the value of an optimal solution.
3. Compute the value of an optimal solution.
4. Construct an optimal solution from computed information.
PRINT-OPTIMAL-PARENS (5,1, j)
1 ifi==j
0 ifi =j, 2 print “A”;
mli, j] = G LT el L 1 y ifi o 3 else print “(”
I o imli. k] +mlk + 1. j1+ picipep;y i <. 4 PRINT-OPTIMAL-PARENS (s. i, s[i, j])
5 PRINT-OPTIMAL-PARENS (s, s[i, j] + 1. j)
6 print *)”

(4](43(4344))) .
(A1((A243)A4)) .
((A;45)(A3Ay)) .
((A4:(A243))Ay) ,
(((A,A5)A3)Ay) .
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1. Characterize the structure of an optimal solution.

2. Recursively define the value of an optimal solution.

3. Compute the value of an optimal solution.

4. Construct an optimal solution from computed information.

S1 = ACCGGTCGAGTGCGCGGAAGCCGGCCGAA
S, = GTCGTTCGGAATGCCGTTGCTCTGTAAA

GTCGTCGGAAGCCGGCCGAA

16
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1. Characterize the structure of an optimal solution.

2. Recursively define the value of an optimal solution.

3. Compute the value of an optimal solution.

4. Construct an optimal solution from computed information.

j 0 1 2 3 4 5 6

B C A B A

[1] 0l 0l 0 0l 0

‘ . a1~ N

0 ifi =0o0rj =0, — T

.. . . AP 2B ol feen]| 1 ol

cli,jl=({cli—=1.j-1]+1 ifi,j>0andx; =y, s ol L IS
. : e < 1S

IIIIZL\(C[I.]— Il.cli =1.j]) ifi.j > Oand x; # y; . B e e e e e

\ 5 D| 4 2l 21 2l &l 3

} HER TN

(1} 1 2 2 3 3 4

SNl TN [T
01 11 21 21 31 4

S1 = ACCGGTCGAGTGCGCGGAAGCCGGCCGAA
Jr, = GTCGTTCGGAATGCCGTTGCTCTGTAAA

GTCGTCGGAAGCCGGCCGAA

17
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Characterize the structure of an optimal solution.

Recursively define the value of an optimal solution.
Compute the value of an optimal solution.

1.
2.
3.
4. Construct an optimal solution from computed information.

>
L)

‘ i] o | 2 3 4 5
. ) 2 015 0.10 005 0.0 020
@ s l/k'x k; ) ‘I‘_
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Characterize the structure of an optimal solution.

—

Recursively define the value of an optimal solution.
Compute the value of an optimal solution.

ol S

Construct an optimal solution from computed information.

qi—1 if j=i—1.

eli.j]= ?

min teli,r—1]+e[r+ 1, j]+w(,j)} ifi<j.

005 010 005 005 005 0.10

f{ ‘J\r i|l o | 2 3 4 5
\ 0.5 0.10 005 0.0 020
) W— - _ i

=
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Characterize the structure of an optimal solution.
Recursively define the value of an optimal solution.
Compute the value of an optimal solution.

Construct an optimal solution from computed information.

A palindrome is a nonempty string over some alphabet that reads the same for-
ward and backward. Examples of palindromes are all strings of length 1, civic,
racecar, and aibohphobia (fear of palindromes).

Give an efficient algorithm to find the longest palindrome that is a subsequence
of a given input string. For example, given the input character, your algorithm
should return carac.

21
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Characterize the structure of an optimal solution.
Recursively define the value of an optimal solution.
Compute the value of an optimal solution.

Construct an optimal solution from computed information.

longest(i,j)= j-i+1 if j-i<=e,
2+longest(i+1,j-1) if x[i]==x[]]
max(longest(i+1,j),longest(i,j-1)) otherwise

A palindrome is a nonempty string over some alphabet that reads the same for-
ward and backward. Examples of palindromes are all strings of length 1, civic,
racecar, and aibohphobia (fear of palindromes).

Give an efficient algorithm to find the longest palindrome that is a subsequence
of a given input string. For example, given the input character, your algorithm
should return carac.

22
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Characterize the structure of an optimal solution.

—

Recursively define the value of an optimal solution.
Compute the value of an optimal solution.

ol S

Construct an optimal solution from computed information.

Insextion of a single symbol. If @ = 1V, then inserting the symbol X produces 1XV. This can also be
denoted €—X, using € to denote the empty string.
Deletion of a single symbol changes XV to 1V (x— &),

Substitution of a single symbol X for a symbol ¥ ? X changes UXV to 1)V (.‘\'—"_1').

The Levenshtein distance between “kitten” and “sitting” is 3. The minimal edit script that transforms the
former into the latter is:

1. kitten — sitten (substitution of “s” for “k“)

2. sitten —* sittin (substitution of “1i” for “e”)

3. sittin —* sitting (insertion of “g” at the end).
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Characterize the structure of an optimal solution.

—

Recursively define the value of an optimal solution.
Compute the value of an optimal solution.

ol S

Construct an optimal solution from computed information.

di—l,j—l for a; = bl‘
di—1, ‘det (i e .
di; = _ 1,5 + Waa (i) forl<:<m,1<j<n.
min di,j—l -+ u-'ins(aj) for a; 7& bi

ds—1,j—1 + 'wsut.(aj.bx)

Insextion of a single symbol. If @ = 1V, then inserting the symbol X produces 1XV. This can also be
denoted €—X, using € to denote the empty string.
Deletion of a single symbol changes XV to 1V (x— &),

Substitution of a single symbol X for a symbol ¥ ?5 X changes UXV to 1)V U?*j).

The Levenshtein distance between “kitten” and “sitting” is 3. The minimal edit script that transforms the
former into the latter is:

1. kitten — sitten (substitution of “=% for “k7)

2. sitten —* sittin (substitution of “1i” for “e”)

3. sittin —* sitting (insertion of “g” at the end).



