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L 2514 (191))

o BA%(Queue)-FIFO < #%(Stack)-LIFO * YE(Heap)
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* BA%l(Queue)-FIFO
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B2 (Algorithm)

* Algorithm is the spirit of computing

* To solve a specific problem (so called an algorithmic
problem)

 Combination of basic operations
* in a precise and elegant way

e Essential issues

The Art of Computer

* Model of computation e
* Algorithm design s

(% 388)

* Algorithm analysis .



Model of Computation

* Problems
* Why the algorithms we learn can run almost everywhere?
* Why the algorithms we learn can be implemented in any

language?
* Machine-independent algorithms run on an
abstract machine

* Turing machine: over-qualify
* RAM model: simple but powerful



RAM Model

y y y Read-only
1 2 H
Random-access machine = " Input tape
o Accumulator
Location N r
counter Program "
2
rs
Memory
A 4 .
y y Write-only
B output tape
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The RAM Model of Computation

* Each simple operation takes one time step
* E.g., key comparison, +/-, memory access, ...
* Non-simple operations should be decomposed

* Loop
e Subroutine

* Memory
* Memory access is a simple operation
* Unlimited memory



Example: Multiplex

¢ 123%321=123+123+...+4123=39483
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Probably the Oldest Algorithm

* Euclid Algorithm

Problem
* Find the greatest common

integers m and n

A

divisor of two non-negative

N

4

2016/2/24

Specification

Input: non-negative integer m, n
Output: gcd(m, n)

Euclid algorithm

[E1] n divides m, the remainder ->r
[E2] if r = 0 then return n
[E3] n->m; r->n; goto E1

Euclid algorithm — recursive version

Euclid(m,n)
[E1] if n=0 then return m
[E2] else return Euclid(n, m mod n)
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To Create an Algorithm

* Algorithm design

 Composition of simple operations, to solve an
algorithmic problem

* Algorithm analysis
* Amount of work done / memory used
* |In the worst/average case

e Advanced issues
* Optimality, approximation ratio, ...



Algorithm Analysis

e Criteria
 Performance metrics

* Worst case
 Best case?

* Average case
* Average cost?

* Advanced topics
* Lower bound, optimality, ...



Algorithm Analysis

* Criteria
* Critical operation

 How many critical operation are
conducted

* For example

Algorithmic problem

Sorting, selection, searching Comparison (of keys)
String matching

Graph traversal Processing a node/edge

Matrix multiplication Multiplication

2016/2/24 18



Algorithm Analysis

 Amount of work done
* usually depends on size of the input
e usually does not depend on size of the input only

n f(n)
Size of input Algorithm Amount of work done

| 4 Analysis | p

2016/2/24
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Worst-case Complexity

* W(n)

* Upper bound of cost
* For any possible input of size n

* W) = grelgfff(l)



Average-case Complexity

* A(n)
* Weighted average

* A(n) = ZIED(n) Pr(D) f (1)

* A special case

* Average cost
* Total cost of all inputs, averaged over the input size

1
+ Average(n) = == 3 cp(m (1



How to Compare
Two Algorithms

* Algorithm analysis, with simplifications
* Measuring the cost by the number of critical operations
e Large input size only

* Only the leading term in f(n) is considered
* Constant coefficient is ignored

e Capturing the essential part in the costin a
mathematical way

* Asymptotic growth rate of f(n)



Relative Growth Rate

2016/2/24

Q(g):functions that grow at
least as fast as g

O(g):functions that grow at the
same rate as g

O(g):functions that grow no
fasteras g

23



Asymptotic Growth Rate



Some Empirical Data

algorithm 1 3

Run time in ns 1.3n 47nlogn

=]

10° 1.3s 0.4ms
time 104 22m 6ms
for 10° 15d 78ms
size 106 41yrs 0.94s
10’ 41mill 11s

max sec 920 1.0x10°
Size in min 3,600 4.9x107
time hr 14,000 2.4x10°
day 41,000 5.0x1010

time for 10 times size x1000 x10+

on 400Mhz Pentium II, in C
from: Jon Bentley: Programming Pearls

2016/2/24 25
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o #12Z(Searching)

* 77677 (Divide & Conquer)
31K (Dynamic Programming)
e 77/0>(Greedy)

o FEHLE L




2% (Searching)+ B4 4% (Pruning)

Examine all possible elements until you find the answer.

Sometimes it maybe the only way to solve a algorithmic problem

Information can be used to prune some impossible elements

e Data Structure and Searching

» Searching progress can be accelerated if the data is well organized
E.g., Dictionary
e Data Structure for Searching:

Binary Searching Tree
AVL. Red/Black Tree

HashTable

e Searchingin Tree
BFS/DFS...

e Searching in well ordered array
Binary Search




41612 (Divide & Conquer)

* Divide a BIG problem into some (disjoint) sub-
problems

* Solve each sub-problems

* Combine solutions to all sub-problems to obtain
the solution to the original BIG problem.

|
Recursive

/ merge

Subproblem Subproblem

/ merge / merge

Compute Compute Compute Compute
Subproblem Subproblem Subproblem Subproblem



s A X (Dynamic Programming)

* Dynamic programming, like the divide-and-conquer method, solves
problems by combining the solutions to sub-problems

* divide-and-conquer algorithms partition the problem into disjoint sub-
problems

* In contrast, dynamic programming applies when the sub-problems
overlap—subproblems share subsubproblems.

f(6) ~ Hi$&: Optimal substructure

f(5)

/ \
7 )

F(4)

SN
ge e T S e N
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£(0) f(1) #0) f{1)



L (Greedy)

e Basic idea:

* Selecting one “optimal” sub-problem instead of
checking all sub-problem

* Local optimal leads to global optimal

I”

* Greedy is Good some of the time, but not always

good, depending on the property of problem
* Greedy-choice property
* Optimal substructure
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http://baike.baidu.com/view/633433.htm

Example2
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http://baike.baidu.com/view/633433.htm

How Hard a Problem can be?
P NP and NP Complete

Hamilton -:y’cle \ N ‘:\ ¥, NP-H ard NP-Hard
Steiner tree : NP ” Matrix permanent

Graph 3 .;mming"ﬁom p Iete ‘;( Halting problem .
T,

Satisfiability /’ ] /’
Maximum cligue / HF-C-:-mp|-=te\lll \

Factoring / ' f F=HNPF=
N P Graph isomorphism |, NP o ,l | NP-Complete
Il\"‘ { P J /I F
Graph c:t::nnEn:li'a.ritgI \\____,_,-'/

Primality testing e
. . o f

W!atrlx determmar]t w ; F= NF F

Linear pregramming

HFP
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Suppose that we are working on an optimization problem in which each potential
solution has a positive cost, and we wish to find a near-optimal solution. Depending
on the problem, we may define an optimal solution as one with maximum possi-
ble cost or one with minimum possible cost; that is, the problem may be either a
maximization or a minimization problem.

We say that an algorithm for a problem has an approximation ratio of p(n) if,
for any input of size n, the cost C of the solution produced by the algorithm is
within a factor of p(n) of the cost C* of an optimal solution:

C C*
max (— —) < p(n) . (35.1)

* How to measure “good enough”?
* Approximation ratio



SE M1 572 (Randomized Algorithm)

 Random algorithm can be used to obtain acceptable
solution.

* Example:
* To calculate the area of an irregular plane area;
* To calculate the volume of an irregular object;




