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Model of computation

Turing machine convenient in the Theory of Computation
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Model of computation

Turing machine convenient in the Theory of Computation

Random-access machine (RAM) model
sequential

arithmetic operations in unit time
data movement: load, store, copy in constant time

limited word size: integer is represented by
bits for some
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Sorting Algorithms

Input: - a sequence of numbers
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Sorting Algorithms

Input: - a sequence of numbers
Output: a permutation of the input such
that
Warm up: INSERTION SORT
sorted [
|
V
key

Example:ldea:
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Insertion sort (pseudo-code)
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Insertion sort (pseudo-code)

INSERTION-SORT(A)
for to do

while do
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INSERTION-SORT(A) COST
for to do

while do
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Insertion sort (pseudo-code)

INSERTION-SORT(A) COST TIMES
for to do

while do 3
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Analysis of Insertion-sor t

- the running time of the algorithm on input of size
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Analysis of Insertion-sor t

- the running time of the algorithm on input of size

- the cost of th line, a constant
- the number of times the while loop test is executed for

Best case: IS a linear function of
Worst case: IS a quadratic function of
Average-case: - half of the worst-case but still

guadratic (asymptotically the same as the worst -case)
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Analysis of Insertion-sor t

- the running time of the algorithm on input of size

- the cost of th line, a constant
- the number of times the while loop test is executed for

Best case: IS a linear function of
Worst case: IS a quadratic function of
Average-case: - half of the worst-case but still

guadratic (asymptotically the same as the worst -case)
Summary: incremental sorting algorithm with quadratic run-

ning time
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Divide and conquer paradigm

Divide the problem into several subproblems similar to
the original problem
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the original problem
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Divide and conquer paradigm

Divide the problem into several subproblems similar to
the original problem

Conquer: Solve the subproblem recursively (if small
enough then solve it using a simplest technique)

Combine solutions.
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Divide and conguer for sorting -
Merge sort

Divide the sequence into two subsequence of
elements
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Divide and conguer for sorting -
Merge sort

Divide the sequence into two subsequence of
elements

Conquer: sort the subsequences recursively. If
length=1, then DONE.
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Divide and conguer for sorting -
Merge sort

Divide the sequence into two subsequence of
elements

Conquer: sort the subsequences recursively. If
length=1, then DONE.

Combine: merge the sorted sequences to get the sorted
answer.
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Divide and conguer for sorting -
Merge sort

Divide the sequence into two subsequence of
elements

Conquer: sort the subsequences recursively. If
length=1, then DONE.

Combine: merge the sorted sequences to get the sorted
answer.

Example:
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Merge-sort example

5 2 4 6 13 2 6

5 2 4 6|13 2 6
5 2|4 6|1 32 6
ZANRVANIRVANVAN
51[2][4][6][1[3][2][6
VAR VARVERV

2 5|[4 6|[1 3|[2 6

/L
2 4 5 6|[12 3 6

1 2 2 3 45 6 6

>Divide

Congue

Merge
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Merge-sort example

5 2 4 6 13 2 6
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>Divide

Congue

Merge
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Merge sort (pseudo-code)
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MERGE-SORT
|f then

MERGE-SORT
MERGE-SORT

MERGE

Merge sort (pseudo-code)
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Merge sort (pseudo-code)

MERGE-SORT
|f then

MERGE-SORT
MERGE-SORT

MERGE

Initial call: MERGE-SORT

CS3510 A, Fall 2005 — p.9/2:



Merging

MERGE
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MERGE

sorted

Merging

q+

sorted

sorted
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Merging

MERGE

sorted sorted

A

sorted
See pseudocode In the textbook

Time for Merge:
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Analysis of divide and conquer
algorithms

- the running time on a problem of size
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Analysis of Merge-sort

Solving the merge-sort recurrence
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Analysis of Merge-sort
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Asymptotic notation

Asymptotic order of growth (rate of growth) is used for
comparing the relative performance of alternative
algorithms
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comparing the relative performance of alternative
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step depends on
the way the program is compiled

the architecture being used for computing
and thus it may grow or shrink by a constant factor
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Asymptotic notation

Asymptotic order of growth (rate of growth) is used for

comparing the relative performance of alternative
algorithms

we can omit constant factors and lower order terms and
use asymptotic notation

Upper bounds
Lower bounds
Tight bounds
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O- notation (asymptotic upper
bound)

Let be a nonnegative function, say the worst-case
running time of an algorithm on an input of size
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