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PREFACE
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thank you for being fellow workers in the education at CCIT-FTUI. The ISAS
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CHAPTER |
INTRODUCTION

Background

Algorithm is an unambiguous specification of how to solve a class of
problems.  Algorithms can  perform calculation, data  processing,
and automated reasoning tasks. Algorithms can perform calculation, data
processing, and automated reasoning tasks. Algorithms often have a loop
(iteration) step or require a decision (Boolean logic and comparison) until
the task is complete.

Design and analysis of algorithms is a specialized branch in
computer science that studies the characteristics and performance of an
algorithm in solving problems, regardless of Sorting the Knapsack
problem with Dynamic Programming the implementation of the algorithm.

The complexity of an algorithm is a measure of how much
computation the algorithm needs to solve the problem. Algorithm that can
solve a problem in a short time has a low complexity, while algorithms
that take a long time to solve the problem has a high complexity.

In this ISAS, we will explain Dynamic Programming Paint Fence
Algorithm. And also, explain how this algorithm works in java

application.

Writing Objectives

The purpose of writing this Paper is to answer the following questions:

1. What is Algorithm?
2. What is Dynamic Programing?
3. What is Paint Fence Algorithm


https://en.wikipedia.org/wiki/Calculation
https://en.wikipedia.org/wiki/Data_processing
https://en.wikipedia.org/wiki/Automated_reasoning
https://en.wikipedia.org/wiki/Calculation
https://en.wikipedia.org/wiki/Data_processing
https://en.wikipedia.org/wiki/Data_processing
https://en.wikipedia.org/wiki/Automated_reasoning

Problem Domain

The things that will be discussed in this ISAS:

1. Paint Fence Algorithm Solving

Writing Methodology

Writing methodology used is to search for sources of information and
references from the internet, ask the relatives and read the articles in some

resources.
Writing Framework

Analysis of this ISAS is written with this systematics:

CHAPTER 1 : INTRODUCTION

In this section, describe the background, problem analysis,
writingobjectives, writing methodology, and systematics of writing.
CHAPTER 11 : BASIC THEORY

In this chapter contains theories such as definition, history, basic concepts
and related information interms of analysis, especially on problem

analysis.

CHAPTER 111 : PROBLEM ANALYSIS

This chapter deals with problem analysis such as the definition of shell
sort, how shell sort works and the advantages also disadvantages.

CHAPTER 1V : CONCLUSION AND SUGGESTION

In this chapter contains the conclusions of the results of writing and

suggestions.

BIBLIOGRAPHY

In this section will contains the references that we use
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CHAPTER Il
BASIC THEORY

Algorithm

The algorithm is a sequence of steps to resolve the problem in a
systematic and logical. The algorithm offers a method in solving a
problem. The algorithm is defined as a sequence of steps in resolving the
problem in a systematic and logical. Approach in a systematic and logical,
making the process of problem solving awake his righteousness because

the algorithm be correct in order to produce the correct output/solution
anyway.

In programming, the important thing to understand is our logic in
thinking about how to solve programming problems that will be made. For
example, many math problems are easy if completed in writing, but quite
difficult if we translate into programming. In this case, the algorithm and
programming logic will be very important in solving problems. (Alif,
2015)

Data Structure

A data structure is proposed to maintain a collection of vertex-
disjoint trees under a sequence of two kinds of operations: a link operation
that combines two trees into one by adding an edge, and a cut operation
that divides one tree into two by deleting an edge. Each operation requires
O(log n) time. Using this data structure, new fast algorithms are obtained

for the following problems:

1) Computing nearest common ancestors.
2) Solving various network flow problems including finding

maximum flows, blocking flows, and acyclic flows.
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3) Computing certain kinds of constrained minimum spanning trees.
4) Implementing the network simplex algorithm for minimum-cost

flow

Dynamic Programming

Dynamic Programming is a powerful technique that can be usedto
solve many problems in timeO(n2) orO(n3) for which a naive approach
would take exponential time. (Usually to get runningtime below that—if it
Is possible—one would need to add otherideas as well.) Dynamic Pro-
gramming is a general approach to solving problems, much like “divide-
and-conquer” is a generalmethod, except that unlike divide-and-conquer,
the subproblems will typically overlap. This lecturewe will present two
ways of thinking about Dynamic Programming as well as a few

examples. There are several ways of thinking about the basic idea.

Dynamic Programming Paint Fence Algorithm

There is a fence algorithm with posts, each post can be painted with
one of the colors. The user have to paint all the posts such that no more
than two adjacent fence posts have the same color. Return the total number
of ways the user can paint the fence algorithm. diff number of

combinations with different colors.

Paint Fence is one of the basic Dynamic Programming problems. It
can be solve in many ways, and have a variety solution. With this we can
learn more about dynamic programming solving, and we can implement it

to any code to make it more efficient.
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PROBLEM ANALYSIS

I11. 1 Paint Fence Algorithm

In this problem we can following image depicts the 6 possible ways of
painting 3 posts with 2 colors:

Figure 3.1 Paint Fence

Consider the following image in which ¢, ¢’ and c¢” are respective colors of

posts i, i-1 and i -2.

SAME

DIFF

CII

CII

Figure 3.2 Paint Fence
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According to the constraint of the problem, ¢ = ¢’ = ¢” is not possible
simultaneously, so either ¢’ != ¢ or ¢” != ¢ or both. There are k — 1

possibilities for ¢’ I=cand k— 1 for ¢” !=c.

diff

no of ways when color of last

two posts is different

same = no of ways when color of last
two posts is same

total ways = diff + sum

for n =1
diff = k, same = 0
total = k

for n = 2
diff = k * (k-1) //k choices for
first post, k-1 for next
same = k //k choices for common
color of two posts
total = k + k * (k-1)

for n = 3
diff = [k + k * (k-1)]1 * (k-1)
(k=1) choices for 3rd post
to not have color of 2nd
post.
same = k * (k-1)

c != ¢, (k-1) choices for it

Hence we deduce that,

total[i] = same[i] + diff[i]
same[i] = diff[i-1]
diff[i] = (diff[i-1] + diff[i-2]) * (k-1)

= totalli-1] * (k-1)

So we can approach this first in the mathematical way . there is a
fence(n) and color(k) you need to find how many possibilities there are to

paint n fences with k colors. The solution is :

N=1

there is only k possibilities there for total = k

N=2

For the same color eac post there is k possibility, so same = k
For the different color we have k*(k-1), so diff =k*(k-1)

And total = k+(k*(k-1))



N=3

For the same we have, same = k*(k-1)

For different color, diff = (k+(k*(k-1)))*(k-1)
And total = (k*(k-1)) + (k+(k*(k-1)))*(k-1)

And with this we conclude that

Total[i] = same[i] + diff[i]
same[i] = diff[i-1]

diff[i] = diff[i-1] + diff[i-2]*(k-1)
or

diff[i] = total[i-1]*(k-1)

And that we have the counting in mathe matical way. Notice that we
can sorten the algorithm with arrays. This is a coomon dynamic

programing problems that requires to solve it into little sub problems.
I11. 2 Code and Flowchart

This is the code that we use to solve the problems

public class Paint Fence ({

static long countWays (int n, int k)
{

long total =

int same = 0, diff = k;

for (int i =

{

same = diff;
diff = (int)total * (k - 1);
total = (same + diff) ;

}

return total;

}

public static void main(String[] args) {
// TODO code application logic here
int n =4;
int k =3;
System.out.println (countWays (n, k));

}

}

Output is 66
That is the one variable(total) answer to the solution



We can also put an array to replace the one variable that way we can store
the sub problem by adding 1 more to the array

Here is the code :

public class Count try {

static long Count (int n, int k)

{
long dpl[] = new long [n+1l];
dpl[l]l=k;
int same = 0;
int diff = k;
for (int 1 =

{

2; 1 <=n; i++)

same = diff;
diff (int) (dpl[i-11*(k-1));
dp[i] = same + diff;

}
return dp[n];

}

public static void main(String[] args) {
int n =3;
int k =4;

System.out.println (Count (n, k));



Flowchart

' start ’

y
int n, int k,
inti. int same.
int diff, long total

long total = k

fori=2

same = diff,
no diff = (int) total™(k-1).
total = same +diff

e o

Figure 3.3 Flowchart

Is quite simple and effective way to sole a dynamic programming problem,

and that is to break it into subproblem and solve it



CHAPTER IV

CONCLUSION AND SUGGESTION

1VV.1 Conclusion

V.2

Dynamic programming is a useful technique of solving certain kind
of problems. When the solution can be recursively described in terms of
partial solutions, we can store these partial solutions and re-use them as
necessary (memoization). Running time of dynamic programming

algorithm is relatively faster and more efficient.

Paint fence is a simple example of dynamic programming algorithm
and problem and we can solve it in quite an easy way. This can be
implemented in many ways mostly with divide it to sub problems and

store it for more faster run.

Suggestion

We suggest for the readers that read this is to apply dynamic
programming in their code for more efficient way to solve problems in

much faster time consume.

10
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