
Handout  pg 4 q 1

/** partial linked list class for answering q1 */
public class LinkedList

/** the links connecting up the list */
protected class Link

public int data;  // the thing in the link
public Link next; // the next link of the list
// initialize a link
public Link (int forData, Link forNext)
{ data = forData; next = forNext;}

{

} // end Link

/** points to a dummy link before the first link of the list */
protected Link contents = new Link(0,null);

/** does quiz */
public void deleteNegativeNumbers()

// traverse deleting negatives

// check if we should delete
if(before.next.data < 0) // delete it

before.next = before.next.next;  // remove link
{

}
else before = before.next

for(Link before = contents;null!=before.next;)

{

} // end deleteNegativeNumbers

{

         
} // end LinkedList
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Efficiency of an algorithm (focus on speed):

Pick a size measure for input.
Easy for lists - number of items

Harder as the input data gets more complex

Avoid comparing apples to oranges

input size = n

Efficiency = f(n)
But there are lots of inputs with the same size.

3 ways to analyze:

Best case - pick the fastest run over all the inputs.
Silly
Lower limit

Worst case - the slowest run of all the inputs of size n.

Average case -average all the possible inputs of size n
Most useful

What are we measuring in speed.  
We don't want a different answer for every different 
computer.

Pick something to count that won't change with 
computer speed.
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Report 1: due 10/7

Why is it important to know the worst casespeed for accessing, modifying, and deleting classes 
from the open class list in Banner?

1.

Pasted from <http://matcmp.ncc.edu/~sherd/classdoc/cmp251/Plan.htm > 

When you go into banner and see what classes are available - this is the open class list.

O-notation
Asymptotic behavior 

Ignore constant start up and termination work.
Ignore constant multiples since they are machine speed dependent

O(n) = O(2n) = O(2n+33402098402)= O(342.3402n+3942) < O(n^2)

O(log(n))

Log    (x) = log    (x)/log    (a)
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Log    (x) = log    (x)/log    (a)

Don't need to worry about log bases inside O
O(log(n)) is the next best thing to constant time
O(n log(n)) is almost as good as proportional.

Is O(n log(n)  )  < O(n^2)
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Exam on 10/14
Project 2 due 10/21

100 +(1-100)*.7/2 = 65.35 

(1-.7)*100+.7*((100+1)/2) = 65.35 
On average we do 65.35 comparisons

The first 5 of the 100 occur 20% of the time.
The remaining 95 occur 50% 
30% not in list
.2*(1+5)/2+.5*(6+100)/2+.3*(100) = 57.1    8.25 comparisons faster

20%/5
20%/5
20%/5
20%/5
20%/5
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50%/95
50%/95
50%/95
50%/95
50%/95
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Two  formulas for sorted lists:
(1-p)(n/2+n/(n+1)) + p(n+1)/2
(1-p)((n+2)/2-1/(n+1)) +p(n+1)/2

From sorting you should be
(1-p)n+p(n+1)/2 -((1-p)(n/2+n/(n+1)) + p(n+1)/2)) faster

(1-p)(n-(n/2+n/(n+1))) = (1-p)(n/2-n/(n+1))= (1-p)(n/2-1+1/(n+1))

Figure 1 Visual Representation of Expected 

Number of Searches

Figure 2 Visual Proof that 

Pasted from <file:///C: \Users\Sher\Documents\Visual_Proofs_to_Motivate2.doc> 

E=1+(1-p)E
-(1-p)E  -(1-p)E
pE = 1
E = 1/p

List of size n  
1/p - (1-p)^n/p
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Review

a.
1.

600 = n  .5 = p
600 +(1-600)*.5/2 = 450.25 
.5*600+.5*(601/2) = 450.25 
b.
.5*((600+2)/2-1/(600+1))+.5*(601/2) = 300.7492
c.
450.25-300.7492 = 149.5008 
d.
.2*((1+30)/2)+.3*(31+600)/2+.5*600 = 397.75 
e.
450.25-397.75 = 52.5

2.
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1/p - (1-p)^n/p
1/.03-(1-.03)^1000/.03 = 33.3333 3.
1/.03-(1-.03)^4/.03 = 3.8236 
Alpha (beta (gamma (delta ())))4.
() = gurgle
Delta () = gurgle : delta
Gamma(delta()) = gurgle : delta :gamma
Beta ( gamma (delta ()))) = gurgle: delta : gamma :beta
Gurgle: delta : gamma : beta : alpha
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Never use linked lists again.
Actually inserting in the middle is still better.
But stretch arrays have no real limit in size.
What makes a stretch array stretch is when it runs out of room
It doubles in size.
Keep a class variable called size = number of elements in the array.
When it equals array.length we allocate an array twice as big
Copy the elements to the new array
And replace the old one with the new one.  
In fact we don't start with an array of size 1 but to make the math easier 
We'll assume that.

Assume size is 2^n

We insert 1.

How many copies occurred historically

2^(n+1)-1
Which is approximately twice the number of elements in the list

Between 2 and 3 copies per element.
1 copy to put element in the array (2^n)
+2^(n+1)-1 extras
= 3*2^n -1 worst case
Best case when list is of size 2^n-1

Still need to shift for inserting in the middle. 

Hash tables
Chained hash tables

Make search the list look like array indexing.
Finding a[x] is constant amount of work.

Hashing translates the item we are searching for into an 
integer called the hash code.

We use the hash code to index an array.

Hashing properties.
Hash(x) translates x into an array index.ω
Hash(x) should always translate x into the same index 
(for a specified array size).

ω

If x!=y then Hash(x) != Hash(y) most of the time.ω
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If x!=y then Hash(x) != Hash(y) most of the time.ω
Hash(x) should not take long to compute.ω
x is what is searched for. Different hash tables 
for different searches.

ω

Hashing started for variables in compilers.

My favorite for string hashing is add all the character codes
% size.

Still a problem with anagrams.  (Nothing is perfect).

Can't use a straight array.  Collisions are when two items hash 
to the same index.
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To a specified cell of the table.

= (  ) (s-1)^(n-k)/s^n

Prob(k) = (   ) (1/s)  ((s-1)/s)
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Screen clipping taken: 10/26/2009, 3:27 PM
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List n = 100 p = .7
Unsorted = 100 - 99*.35 = 65.35
Sorted = .7*((100+1)/2)+.3*(100/2+100/101) = 50.647 
Hash table s=10
100/10+(1-100/10)*.35 = 6.85 
s=100
100/100+(1-100/100)*.35 = 1 
100/1000+(1-100/1000)*.35 = 0.415   
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0 ejoty ote

1 afkpuz pu

2 bglqv

3 chmrw cmr

4 dinsx

Item Work Largest Total Average

c 0 0 0 0

o 0 0 0 0

m 1 1 1 1/3

p 0 1 1 1/4

u 1 1 2 2/5

t 1 1 3 1/2 (3/6)

e 2 2 5 5/7

r 2 2 7 7/8
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Index List

0 e,r,j

1

2 x,y,z,w,m

3 q

We need p 
p(index)
Length(index) (length of list in each index)

Sum p(index)(length(index)+(1-length(index))p/2)

If above we assume p(index) = 1/4
P = .8
((3-2*.4)+0+(5-4*.4)+1)/4 = 1.65 

!ǎǎǳƳŜ ŀҐм ōҐн Χ 

Index Possible LettersActual letters

0 Gnu  3/26 U  1

1 Ahov  4/26 O  1

2 Bipw  4/26 P  1

3 Cjqx  4/26 C  1

4 Dkry 4/26 R  1

5 Elsz 4/26 E  1

6 Fmt 3/26 Mt  2+(1-2)*.4 = 1.6  

3/26+4/26+4/26+4/26 +4/26+4/26+1.6*3/26 = 1.0692 

Wednesday, October 28, 2009

2:03 PM
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Index Possible LettersActual letters

0 Gnu  3/26     0

1 Ahov  4/26     0

2 Bipw  4/26 I   1

3 Cjqx  4/26     0

4 Dkry 4/26 KD   2+(1-2)*.4 = 1.6 

5 Elsz 4/26 LE    2+(1-2)*.4 = 1.6

6 Fmt 3/26 M    1

4/26+1.6*4/26+1.6*4/26 +3/26 = 0.7615 
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Index Possibilities Hash

0 12/50 4 8 12 16 20 24 28 32 36 40 44 48

1 13/50 1 5 9 13 17 21 25 29 33 37 41 45 4913

2 13/50 2 6 10 14 18 22 26 30 34 38 42 46 50

3 12/50 3 7 11 15 19 23 27 31 35 39 43 47 27 31 11 47 35 19

0*12/50 +1*13/50 +0*13/50+12/50*(6+(1-6)*.14/2))
13/50+12/50*(6+(1-6)*.14/2)=0.3025 

Alternatively
13/50*1 + (6+6+3+6+6+6+1+2+5+6+6+4)/50 = 1.4 

Letter frequencies:[1]

Letter  Frequency  

a 8.167% *2

b 1.492% *2

c 2.782% *1

d 4.253%*2

e 12.702%*2

f 2.228%*4

g 2.015%*2

h 6.094%*2

i 6.966%*4

j 0.153%*2

k 0.772%*2

l 4.025%*4

m 2.406%*1

n 6.749%*2

o 7.507%*2

p 1.929%*2

q 0.095%*2

r 5.987%*4

s 6.327%*2

t 9.056%*1

u 2.758%*3
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v 0.978%*2

w 2.360%*2

x 0.150%*4

y 1.974%*2

z 0.074%*2

Pasted from <http://en.wikipedia.org/wiki/Letter_frequencies > 

Letter Possibilities Hashes

0 cfilorwux cour

1 adgjmpsvy mp

2 behknqtwz te

a 8.17% 2 0.16334

b 1.49% 2 0.02984

c 2.78% 1 0.02782

d 4.25% 2 0.08506

e 12.70% 2 0.25404

f 2.23% 4 0.08912

g 2.02% 2 0.0403

h 6.09% 2 0.12188

i 6.97% 4 0.27864

0.15% 2 0.00306

0.77% 2 0.01544

4.03% 4 0.161

2.41% 1 0.02406

6.75% 2 0.13498

7.51% 2 0.15014

1.93% 2 0.03858

0.10% 2 0.0019

5.99% 4 0.23948

6.33% 2 0.12654

9.06% 1 0.09056

2.76% 3 0.08274

0.98% 2 0.01956

2.36% 2 0.0472

0.15% 4 0.006

1.97% 2 0.03948

0.07% 2 0.00148

average: 2.27224
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average: 2.27224
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Index Possibilities Codes

0 4,8

1 1,5,9 5

2 2,6,10 2

3 3,7 3,7

Code Search time

1 1

2 1

3 1

4 0

5 1

6 1

7 2

8 0

9 1

10 1

Sum 9

Answer 9/10 = 0.9 
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Merge sort 
w,e,l,c,o,m,i,n,g

Ew(1) cl(1) mo(1) in(1) g(0)

Celw(3) imno(3) g(0)
Ceilmnow(7) g(0)
Cegilmnow(3)

20 comparisons

Q implementation

w,e,l,c,o,m,i,n,g

Ew(1) cl(1) mo(1) in(1)

Egw(2) clmo(2) 

Eginw(4)

Cegilmnow(8)

20 comparisons

Merging (when equal use left one)
Woollingly

Ow(1) lo(1) il(1)gn(1) ly(1)

Loow(3)  giln(3) 

Lloowy(5)

Gilllnoowy(6)
22 comparisons.

Heap property recursively  root is the largest

Every level is totally filled in except the bottom which is filled in left to right

Example heap
100
70              50
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