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Abstract

We developed an algorithm for generating total orders from partial orders based on a
variant of QuickSort. We also constructed a website: 100 best movies! that would
generate and display the total order of the best 100 movies from partial orders that are
humanly ordered and stored in a database. The users of the website can add new movies
of different categories to the database. The users can also generate partial rankings within
specific categories. The total order of 100 best movies! would be calculated from the

humanly computed partial orders stored in the database.

Keywords: Social-networks, sorting, absolute-ranks, partial-orders, total-orders.
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1.1 Project Overview

The goal of my project is to develop an algorithm that would give a more accurate total
order from a set of partial orders as opposed to absolute ranks. These partial orders are
acquired from the users of a social network. It is not possible to derive these partial
orders from a computer program. Such an example of harnessing human intelligence to
solve problems that are hard to program a computer to do is ReCAPTCHA that uses
human intelligence to digitize books and enable search through scanned text. A variant of
this algorithm is built into a test website: 100 best movies! This website displays the total
order of the best 100 movies from partial orders that are humanly ordered and stored in a
database. The users of the website can add new movies of different categories to the
database. The users can also generate partial rankings within specific categories. The total
order of best 100 movies would be calculated from the humanly computed partial orders

stored and obtained from the database.

1.2 Report Overview

This report describes the background work conducted for the actual implementation of
the project during CS297 and CS298 project. This background work and the experiment
results were achieved by four deliverables as a part of CS297. These deliverables were
aimed at acquiring the results that formed the basis of the main project during CS298.
The first and second deliverables are algorithms programmed using Java. The first
deliverable was to program a sorting network. The second deliverable was to program the
partial order sorting algorithm. The partial order sorting algorithm works similar to a

QuickSort, the basic difference being the partitioning of the total element set that makes
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use of the partial orders to partition. The third deliverable gives the results of the fault
tolerance of the partial order sorting algorithm when a small error is introduced into a
certain percentage of partial orders. The fourth deliverable gives the results of the
experiments conducted to minimize the product of the number of partial orders and the
partial order set size, which is essentially the space complexity of the algorithm. The
deliverable for CS298 is a test website: 100 best movies! that makes use of the algorithm
to get a total order from a set of partial orders. This report ends with some ideas for future

work that could be developed and implemented in the test website.

2 Preliminary work

2.1 Sorting Network

The sorting network was studied and implemented for a bitonic sorter during the course
of CS297. The sorting network was considered with all the other O(n logn) networks
(including QuickSort) for implementing the partial order sorting algorithm. However, we
believed that a Sorting Network would be only as good as the QuickSort algorithm in the
absence of multiple processors.

A sorting network of a set of comparators connected in parallel and sequentially to sort a
set of numbers. It works on the zero-one principle. The zero-one principle states that a
sorting network is valid if it can sort all 2" sequences of Os and 1s.

A sorting network makes recursive calls to three subroutines to sort a set of elements.
They are:

Sorter [n] It recursively calls the Merger subroutine on n elements.
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Merger[n] It recursively calls the Sorter subroutine on two sets of n/2
elements until the sets are of size 2. When the merger is called on
sets of size two, it calls the Bitonic-Sorter to merge the two
element sets after which it goes to merge four element sets and
calls Bitonic-Sorter recursively until it merges the n elements
together.

Bitonic-Sorter[n] It recursively calls itself and sorts n elements by comparing it
element with (n/2 +i)wm element.

The recursion diagram given in Fig 2. shows the recursive operations of the three

subroutines.

Merger [n]
—{ Somer[n?2]
Bitonic-
I— Somer[n2] |
Bitonic-
H Sorter[n] —
Bitonic-
Sorter[n2] |
— [ Sorter[n2]

Fig 1. Sorting Network Recursion

An example of a sorting network is given in Fig 3. The input list to be sorted (6, 4, 7, 5,
3,9,5, 1) is displayed in red on the left end of the network in the Fig 3. The red boxes
indicate the Merger[n] subroutine. The comparators inside the red boxes show the
Bitonic-Sorter operations. The lines joined with dots form the comparators. The
comparators on the same layer are run simultaneously. The intermediate results of the
comparators on each layer are shown after each layer. The output of the sorting network

(1,3,4,5,5,6,7,9) is displayed in green on the right end of the sorting network.
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The first deliverable consists of the program to generate such a network. The inputs and

outputs of the program are:

Inputs: File containing a list of integers to be sorted

Output: Sorted list displayed on console.

6 — 4 4 4 4 3
4 6 5 5 5 1
7 — 5 b 6 3 4
3 7 7 T 1 3
3 — 3 3 1 7 5
g g 1 3 & 6
3 — 1 9 5 5 7
1 5 3 g 9 9
Lavers T o 3 4 4 4 4 G 6

Fig 2. Bitonic Sorting Network Example

2.2 QuickSort Algorithm

QuickSort sorts using a divide and conquer approach to divide a list into two sub-lists.

The basic steps involved are:

1. Pick an element, called a pivot from the list. Pivot is usually either the last or the

first element in a list.
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2. Reorder the list so that all elements in the list, which are smaller than the pivot,
are placed before the pivot and so that all elements greater than the pivot are
placed after it (equal values can go either way or stay where they were). After this
partitioning, the pivot is in its final position (i.e. pivot’s position in the final list).
This is called the partition operation.

3. Recursively sort the sub-lists of lesser elements and the sub-list of greater

elements.

QuickSort works for lists of elements that are numeric as the partitioning algorithm
compares the numeric values of elements. It would not work if the elements in the list

were movies, as a computer cannot compare movies.

2.3 Partial order based QuickSort

A generic QuickSort would not work in case of comparing non-numeric elements. Hence,

the partial order sorting algorithm was developed. The algorithm uses divide and conquer

approach of QuickSort algorithm. However, it makes use of partial orders created by

humans to generate a total order. This partial order sorting algorithm follows the

approach of recCAPTCHA by harnessing human intelligence to sort non-numeric data.

The important subroutines in the algorithm are:

QuickSort Recursively sorts the input list based on the sorted partial order sequences.

Partition Partitions the portion of input list into two parts. The pivot is randomly
chosen from the list of elements. The list is partitioned such that first part

has elements that have occurred before the pivot element in most of the
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partial orders and the second part has numbers that have occurred after the
pivot element in most of the partial orders.

GetRank Gets the rank of an element in the input list with respect to the pivot
element based on partial orders. If it occurs before pivot element more
number of times than after in the partial orders, it returns a rank 1

otherwise it returns a rank 0.

The working of the partial order sorting algorithm can be understood best with the help of

an example. Fig 3 shows the recursion tree for an input list of elements to be sorted.

Input List: {3,2,6,4,7,8,5}
Partial Orders: {{2, 3,4, 5}, {2,3,4,6}, {3,4,6,7}, {5,6,7,8}, {2,5,7,8}, {3,6,7,

8}, {4,6,7,8}}

The recursive subroutine QuickSort calls the partition on the input list. The partition
subroutine sets the last element of the input list as the pivot element and calls the getRank
subroutine on every element (other than pivot) to compare it to the pivot with respect to
the relative positions of the comparison element ant the pivot element in the pre-created
partial orders. It partitions the input list based on the rank returned by the getRank
subroutine. The getRank subroutine checks the partial orders to see how many times the
element occurred before the pivot element as opposed to the number of times it occurred
after. If it occurs before pivot element more number of times than after in the partial

orders, it returns a rank 1 otherwise it returns a rank 0.
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quicksort — Input List (3

partition — Input — (3
Crutput — (3

getRank — Input — {3.3)
getRank — Input — (2.3)
getRank — Input — (6.5}
getRank — Input — {4.3)
getRank — Input — {7_3)
getRank — Input — (8_3)

4

-

264783)

6478

45|78 6)
Cutput — 1
Output — 1
Output — 0
Output — 1
Output — 0
Cutput — 0

quicksort — Input List (3 2 4)
partition —Input — (3 2 }

Output— (3 2 | 4)
getRank — Input — (3,4) Qutput — 1
getBank — Input — (2.4) Qutput — 1
quicksort — Input List (3 2)
partition — Input — (3 }

Output — (2 3)

getRank — Input — (3.2) Qutput — 0

quicksort — [nplut List (7 8 8)
partition —Input — (7 & }

OQutpur—(6 | & 7)
getRank — Input — (7.6) Output —0
getRank — [in —(8,6) Output—0
quicksort — Input List (8 7)
partition — Input — (& EI}

Qutput — (7 &)

getRank — Input — (8.7) Output — 0

Fig 3. Partial Order QuickSort Example

2.4 Experiments conducted and conclusions drawn

During the course of CS298, experiments were conducted to test the resistance of the

algorithm to introduced faults. The section 2.4.1 explains the fault tolerance experiments.

The product of the number of partial orders and the partial order set size gives the order
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of space complexity of the algorithm. The experiments listed in section 2.4.2 explain the
relationship between number of partial orders and partial order set size. The following
experiments use the terms listed below:

n — total number of elements

k — number of partial orders

m — partial order set size

2.41 Experiments to affirm fault tolerance

Experiment 1: Derive the m (partial order set size), that would give back the correct total
order for the case when k = n (total number of elements to be ordered = number of partial
orders).

Rationale: Derive the borderline m that gives back the total order for k = n.

For different values of n (300 >= n >= 20), the number of partial orders is fixed at n (k =

n) and the partial order size is fixed at the following percentages of n gives back the total

order:
(a@) m=50% of n 20 <=m <=100
(b) m=25% of n 100 <m <=200
(c) m=20% of n 200 <m <= 300
Observations:

1. The value of m as derived from Experiment 4 in Algorithm Analysis (section
2.4.2) is about the same as the values of m as derived from percentages listed

above to arrive at the borderline m that would get just back the total order.
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2. Introducing error at these borderline cases of m would give a more accurate

outlook on the fault tolerance of the algorithm.

Experiment 2: It introduces a small error into the partial orders for n, k and m values
(total number of elements, number of partial orders and partial order set size) fixed at the
values derived in experiment 1.

Rationale: Derive the affect of errors for the case of borderline m derived from
Experiment 1 above that gives back the total order for k = n.

For different values of n (300 >=n >= 20), errors are introduced into partial orders. The

error is introduced in a partial order by swapping two elements in a partial order. Here:

p = % of error introduced.

i.e., p % of partial orders have single error in them.

The following table lists the number of total orders constructed that are incorrect when a

p% error is introduced into the partial orders. It also shows the percentage chance of

arriving at an incorrect total order.
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Number of ‘n’ values giving
errors (Total no. of values = 30)

% error in 30 values of n

p=5%

error 2 0.6

p=10%

error 3 0.9

p=20%

error 4 1.2

p=50%

error 4 1.2

P= 75%

error 10 3

P= 90%

error 10 3

P= 1000/0

error 7 2.1
Table 1. Error introduced vs. Fault Tolerance

Observations:

1. A small percentage of error (p <= 10%) introduced cannot deduce the fault
tolerance property of the algorithm.

2. As the error introduced is a two-element error, there is a good possibility of
getting back the correct total order even if the percentage of error is large.

3. Even a 100% two-element error introduced had no greater than 5% chance of the
total order being incorrect.

2.4.2 Experiments to analyze the space complexity of the algorithm

Experiment 1: It derives a relation between k and n (number of partial orders and partial

order set size).

Rationale: Examine the relation between k and m.

For a fixed n = 100, variations of k with respect to m.

(A)k<=n,m<=n
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As k increases, m decreases.

Plot of k vs. m for n =100 (k bounded by n)

90 N
a0
Fill] \

50 \.—.\-

10 \‘\_/‘\

20

5 10 15 20 25 30 35 40 45 50 55 BO KBS 70 75 80 B85 B0 55 100
k

Fig 4. Plot of k vs. m for n = 100 (k bounded by n)

(b) k —unbounded, m <=n

As m increases, k decreases.

Plot of k vs. m for n =100 {k unbounded)

350 -
300 .\
250 \
200 .
= \ |

150 \
100 .\\
50

19 20 256 30 3% 40 45 50 455 BO BS YO 75 B0 @5 90 95 100

m

Fig 5. Plot of k vs. m for n = 100 (k unbounded)
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Observations:

1. In both the above cases, k is inversely proportional to m. Smaller is the partial
order size (m), greater is the number of people (k) required to order them to get
back the correct total order.

2. The product of k and m (k x m) decides the space required to store the partial
orders. This number must be minimized to optimize the space complexity. From
the above two tables, we can see that the product k x m is minimum when m is
closest to n. However, it is not practical to have partial orders (m) the size of the

total number of elements (n).

Experiment 2: Arrive at the function relating k (number of partial orders) to n (total
number of elements) for a fixed m (partial order set size). The function is fixed at a
constant and the experiment is conducted to see if the total order can be obtained from the
partial orders.

Rationale: Examine the m for k as a multiple of n.

For different values of n (300 >= n >= 10), the partial order size is fixed at m = 10 and k

is a multiple of n

k=Cxn (C is a constant.)
(a) k=n
(b)k=2xn
(c) k=5xn
(dk=10xn
(e) k=50xn
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Observations:

1. The first four cases, k =n, k=2 xn, k=5 xn and k = 10 x n give back the total
orders when the total number of elements (n) is small. However, for larger values,
such a k does not get back the total order.

2. The last case where k = 50 x n works for even larger values of n (e.g. n = 290).
However, it does not give back the total order for n greater that 300.

3. So, in the function k = C x n, if C is a constant selected from the set of all positive
integers, it will give back the correct total order for the cases where C is also

derived from a function f(n).

Experiment 3 (I): Further examine k (number of partial orders) to be a function of f(n) x
n (n — total number of elements) as established at the end of Experiment 2. The constant
in Experiment 2 is fixed at a function of n (f(n)) and the experiment is conducted to see if
the total order can be obtained from the partial orders.
Rationale: Derive the functional dependency of k on n.
For different values of n (300 >= n >= 10), the partial order size is fixed at m = 10 and k
is a multiple of n
k=1(n)xn

(@) f(n)=n k=nxn

(b) f(n) =n/2 k=n/2xn

(c) f(n) = sqrt(n) k=sqrt(n) x n

(d) f(n) =log(n) k=Ilog(n)xn
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Observations:

1. The first two cases k =n x n, k =n x n/2 give back the total order correctly. On
the other hand, k = sqrt(n) x n and k = log(n) x n yield very poor results,
especially when n gets larger.

2. From these results we can say that k must be a function of n such that

k=f(n)xn and f(n)=cxn where0<c<=1

Experiment 3 (II): Further examine k (number of partial orders) to be a function of n’ (n
— total number of elements) as established at the end of experiment 3(I). The function
(f(n)) in experiment 3(I) is fixed at a function of n and the experiment is conducted to see
if the total order can be obtained from the partial orders.

Rationale: Derive the closest constant relating k with n’.

Description: For different values of n (300 >= n >= 10), the partial order size is fixed at

m = 10 and k is a multiple of n

k=Cxn’
(aC=1/4 k=n/4xn
(byC=1/6 k=n/6 xn
(c)C=1/8 k=n/8xn
Observations:

1. The first case, k = (1/4) n’, gives back a correct total order every single time. The
second case k = (1/6) n*, give back the total order correctly most of the time. The

third case, (1/8) n’, does not give back the total order on many occasions.
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2. From these results we can deduce that k must be a function of n such that
k= (1/6) n*
which also includes k = (1/4) n’. The constant C can be safely established to be

approximately 0.1667 or 1/6.

Experiment 4: Examine the case where k (number of partial orders) = n (total number of
elements) and tries to derive the borderline m (partial order set size) that would give back
the correct total order from the partial orders.

Rationale: Derive the exact m value in the case where k = n.

For different values of n (300 >= n >= 10), the number of partial orders is fixed at n an

the exact the partial order size is derived for such a k: k=n

Plotfork=nvs. m

40 ]

30 o |
25 ® {

15
10 /

I:I T T T T T T T T T T T T T T T T T T T T
10 20 30 40 50 6O 7O 80 90 100 110 120 130 140 150 160 170 180 190 200 210

k=n

Fig 6. Plot fork =n vs. m
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Observations:
1. The partial order set size as a fraction of the total set size decreases as the n
increases (also k increases with n).

2. The m value is closer to n when n is small (so is k).

2.4.3 Experiments with random data
Experiment 1: Test the stability of the algorithm over more varied data. Take an input
list, generate permutations of the list and generate random partial orders from all these
permutations. Now, generate a total order from these partial orders and see if there is a
consistent pattern in the output total orders in several runs of the partial order quicksort.
The pivot element is randomly chosen.
Rationale: Obtain partial orders from various permutations of the input list and compare
the output total orders.
Example run: n=10, k=3 x nz, m = 5, no. of permutations = 3
Input_list:

[213, 784, 152, 856, 212,394, 157, 208, 838, 511]
Perm_list:

[394, 212, 511, 152, 213, 784, 856, 157, 208, 838]

[213, 856, 784,212,208, 511, 394, 152, 838, 157]

[856, 208, 511, 157,213,784, 212, 394, 152, 838]

Output_list: 1 [213, 856,511, 784, 212, 208, 394, 152, 157, 838]
Output_list: 2 [856, 212,208,511, 213, 784, 394, 152, 157, 838]
Output_list: 3 [856, 212,208,511, 213, 784, 394, 152, 157, 838]
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Output _list: 4 [856, 212,208, 511, 213, 784, 394, 152, 157, 838]

Output_list: 5 [213, 856, 511, 784, 212, 208, 394, 152, 157, 838]

Observations:
The 5 runs of partial order quicksort on the input list give related, but not
consistent rankings. For example, the element 838 is the last element in all five
total orders. The element 856 comes first in three out of five total orders. When
the first element is not 856, the first element is 213 in the other two cases.
Conclusion:
Running quicksort multiple times and taking the item average positions from the
outcome must, by the law of large numbers, converge to
a stable answer related to the expected position of each element in the underlying

probability distribution.

2.4.4 Conclusion of experiments
The conclusion of all the experiments results so far can be listed:
1. The partial order set size is inversely proportional to the number of partial
orders to get back an accurate total order.
2. The product of number of partial orders and partial order set size would give us
the space complexity.
3. Increasing the number of partial orders would ensure fault tolerance of the

algorithm.
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3 Software Design

3.1 Tools and Programming Languages
The project has been built using the following languages:

XHTML, Java, JSPs, MySQL
The tools used to develop the test website were:

DreamWeaver 8, Tomcat Server, MySQL Server
The front end has been designed using the tool DreamWeaver 8. The front end consists of
XHTML pages. The XHTML code woven with Java has given a lot of JSPs for the front
end. The project runs on the Tomcat server. The bean classes have been written in Java.
Most of the bean classes involve database querying or database manipulation operations.
The database used in this project is MySQL. The connection to the database is
established by a method inside the bean class. As all the functions require database
querying or manipulation, they are a part of the same bean class. A few JSPs also have

Javascript snippets in them.

3.2 Implementation and Design

Algorithm Java Code

The basis of the test website is the partial order QuickSort algorithm that was developed
during the course of CS297. The partial order QuickSort algorithm is a variation of the
QuickSort algorithm. It includes a function that compares two movies with the help of

stored partial orders created by human users. This function is called from the partition
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algorithm while comparing two movies. The Java code for the partial order QuickSort is

listed below:

public static void quicksort(List<ArrayList<Integer>>
Ranked_Tlist, List<Integer> Input_list, int left, int right)
{ Input_list_final = Input_list;
if (right <= left) return;
List<Integer> Input_list_new = new ArrayList<Integer>();
Input_list_new = partition(Ranked_1list, Input_list, left,
right);
int i = partition_index;
quicksort(Ranked_1ist, Input_list_new, left, i-1);
quicksort(Ranked_1ist, Input_list_new, i+l, right);

Listing 1. QuickSort Java Code

public static List<Integer> partition (List<ArrayList<Integer>>
Ranked_1list, List<Integer> Input_list, int p, int r)
{ int piv=0, comp=0, i =0, j =0, temp =0, templ = O,
rank = 1;
piv = (Igteger)Input_1ist.get(r);
1=p-1;
for(j = p; J < r;_j++)

{ comp = (Integer)Input_list.get(j);
rank = getRank(Ranked_1list, piv, comp);
if(rank == 1)
{i=1+1;

temp = (Integer)Input_list.get(i);
templ = (Integer)Input_list.get(j);
Input_list.set(i, templ);
Input_list.set(j, temp);

}

temp = (Integer)Input_list.get(i+l);
templ = (Integer)Input_list.get(r);
Input_list.set(i+1l, templ);
Input_list.set(r, temp);
partition_index = i+1;

return(Input_list);

Listing 2. Partition Java Code
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public static int getRank (List<ArrayList<Integer>> 1list, int
piv_elem, int comp_elem)
{ List<Integer> temp_list = new ArrayList<Integer>(Q);
int flagl = 0, flag2 = 0, count = 0, count_inv = 0, index_piv
= 0, index_comp = 0;

for(int r = 0;r != Tist.size(Q);r++)
{ temp_list = (List<Integer>)list.get(r);
flagl = 0;
flag2 = 0;
for(int rnk = 0;rnk !'= temp_list.size();rnk++)
{ int elem = (Integer)temp_list.get(rnk);
if(elem == piv_elem)
{ index_piv = rnk;
flagl = 1;
if(elem == comp_elem)
{ index_comp = rnk;
flag2 = 1;
}

if((flagl == 1)&&(flag2 == 1))
{ if(index_comp < index_piv)
{ count++;

else ]
{ count_inv++;

}
}

if(count >= count_inv)
{ return(1);

else
§ return(0);

Listing 3. GetRank Java Code
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Design

This section lists the software patterns and components that make up the Java based
framework. The different components and functions that act on them are given in the
table below:

Components Functions

User register, signin

Movie add , rank , remove , group, select
Group create, select, modify, rank
Partial Orders create, sort

Table 2. Software Components

The relationship between the components can be described from the following figure.

Add, Remove, Group, Rank, Select Movies Rank
g
Group
User Create, Select, Modify, RarL
Group
Rank
Signln
Register Create, Sort
> Partial Order <«

Fig 7. Software entities and relationships

3.3 Database Description
The database used by the project consists of the following tables:

Movie, User, Group, Partial Orders, Remove
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The ER diagram in Fig 8. describes the database:

1
1 N
Movie B p Remove
Merne 1d (PX) Movie 1d (FK)
Movie_name N N User 1d {FK)
Eelease date - ¢ 1 1# >
Director Tiear
Rank_ User_id (PK)
User_id (FK) First name
Eemove count Last_name
1 Email
Password
11
N
- Group
Partlal. Order Group_id
Order_id < N | Movie_id (FK)
User i1d (FK) N
Movie_id (FK) Tl 0 |
Rank N ’
1
Fig 8. Entity-Relationship Diagram
Movie
Attributes: movie id, movie name, release date, director, rank, added by uid,

remove_count
The movieid is the primary key in this table which cannot be null. The movieid, rank and
remove count are integers, the remaining fields are all varchar. The reason why the
movieid field was chosen to be integer was for the ease of generation of id every time a

new movie is added. The movie id is generated by the method in the bean that adds the
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movie to the database. It is not entered by the user. The movieid helps to maintain a
unique identity of each record in the table.

User

Attributes: user_id, first name, last name, email, password

The user _id is the primary key in this table which cannot be null. All the fields are
varchar in this table. The users are given the choice of creating user_id or user name for
themselves. However, the user id created by the user needs to be unique. This aspect is
taken care of by the bean while adding the user to the database and storing their personal
information. A duplicate user id entered by a user results in an appropriate message to
create and re-enter a new user _id.

Group

Attributes:  group_id, movie id

This table was needed to keep track of the movies in a specific group. The groups are
created by users while ranking partial orders. One movie could be in many groups created
by many users. This makes it impossible to store the group information in the Movie
table as each movie can be a part of more or less than any fixed number.

Partial Orders

Attributes:  order id, user id, movie_id, rank

The partial order rankings generated by the users are stored in this table. They are stored
as four tuples of attributes given above. For every set of n movies ranked by a user, there
are n tuples added to the Partial Orders table. Each of the n tuples have the same
order id and user id. This way of storing the partial orders enables flexible size of partial

orders i.e. each partial order can have movies sets of various sizes.
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Remove

Attributes: ~ movie_id, user id

This table stores movie id, user id tuples. This table helps to keep track of all the movies
that every user has marked to delete. It ensures that every movie can be marked for
deletion by a user only once so that just one user cannot affect the remove count in the

Movie table and hence lead to its deletion.

3.4 Site flow (How to use 100 best movies!)

This section describes the components and workflow of the test website implementing the
partial order QuickSort algorithm. The homepage of the test website 100 best movies
executes the partial order algorithm that generates the top 100 movies as ranked by the

users and displays the list. Fig 9 shows a screen shot of the 100 best movies homepage.

~

100 best movies! HOME - Sign In - Register - Help

100 best movies !

Add Movie Rank Movies

Remove Movie Write a review

100 best movies of all time.

1. Star Wars (1977) , dir. George Lucas 31. Top Gun (1986) , dir. Tony Scott

2. The Godfather (1972) . dir. Francis Ford Coppola 32. Unforgiven (1892) . dir. Clint Eastwood

3. Pulp Fiction (1994) _ dir. Quentin Tarantino 33, Seven (1005) , dir. David Fincher

4. Casablanca (1942) , dir. Michael Curtiz 34, West Side Story (1961) , dir. Robert Wise, Jerome Robbins

3. Gone IWith The Wind (1939) _ dir. Victor Fleming 33, Chinatown 1874) _ dir. Roman Polanski

& Doidave afeh s ol (10S1) i St alks SA_Tha Dicua (10031 i L [

%4 Local intranet

Fig 9. 100 best movies! Homepage
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The test website allows the users to add a new movie, rank movies, remove a movie from
the list and write a review as shown in Fig 9 above. For any of the described events to
take place, a user must be signed in. In case the user is not already signed in clicking on
any of the options would take the user to a Signln page. The user can also chose to sign in
by clicking on the link given on the top right corner of the webpage of Fig 9. The Signln

page is shown in Fig 10.

i 5 = c i
: @ = ‘$ =
IS
100 best movies! HOME - Help
¢ |
100 best movies .
Welcome to 100 best movies!
: i : Sign in to 100 best movies!
Enjov all the benefits of 100 best movies! member. 'gn tn to G
» Add new movies and get them to the top 100 list. User ID csatyavolu
» Rank existing movies.
» Learn ahout unheard movies from their reviews. Password: _"""""
Help on signing in.
What if I forgot my ID or password? 2 ! o
* = E t b Not a member? Register Now!
Look up vour ID and’or password after confirming some personal
information.
Search Items on 100 best movies! 100 best movies! HOME
Copyright @ 2008 100 best movias! SIST. All rights rasarved
Copyright TP Policy - Privacy Policy - Terms of Service and Additional Terms - Guidelines - Help
|w
& % Local intranet

Fig 10. 100 best movies! Signln
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If you are a new user, the test website allows you to register with the website. You can

register from the top right corner link on homepage called Register or from the link in

Signln box that says Register Now!. The Register page of the test website is shown in Fig

o
|~
100 best movies! HOME - Help
s |
100 6€St movies .
Get Started on 100 best movies!
Choose a Userld : csatyavolu
First Name Chandrika
Last Name Satyavalu
E-mail : |csatyavolu@yahoo.co.in
Choose apassword: ~ |ssssssssss
Re-enterpassword . |essesseses
Terms of Service
l_ | agree. Create my Account. J
s
&] bone %4 Local intranet

Fig 11. 100 best movies! Register

After you Signln or Register as a new user, you are taken to your profile page that would

display your personal information. It will also display the movies that were added to the

database by you along with their total order rank as computed by the partial order

QuickSort algorithm. In case you are a new user and you have not added any movies to

the database, the My Movies section is blank.
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It also allows you to edit your personal information or movie information (only for the
movies added by you). It also provides a tab with the links to all the functions that you

can do as a registered user of 100 best movies! website. The Profile page is shown in Fig

csatvavoln - 100 best movies! HOME - Help
g |
100 best movies !
Welcome Chandrika Satyavolu ! Logout
My Profile - Add Movie - Remove Movie - Rank Movies - Write Review
Personal information - Zdit My Movies - Edit
csatyavoln ; 100 best movies!
Movies
Chandrika Satyavolu rank
satyavoh chandrika/@gmail com I It's A Wondenfid Life (1946) . dir. Frank 10
Change password Capra
2. Independence Day (1996) . dir. Roland 20
Emmerich =
3. The Usual Suspects (1995) . dir. Bryan 2
: 30
Singer
4. 4 Clockwork Orange (1971) . dir. i
Stanley Kubrick -
3. The Graduate (1967) _ dir. Mike 35
Nichols -
0. Hear (1993) _ dir. Michael Mann 70
7. The Quiet Man (1932} . dir. John Ford 20
&] Done 4 Local intranet

Fig 12. 100 best movies! MyProfile

Once you Signln and reach your Profile page, you can perform a variety of functions

some of them being:

Add Movie, Remove Movie, Rank movies, Write a review
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If the user clicks on Add Movie link in the functions tab shown on the Profile page, it
opens up the Add Movie page. The user needs to fill in the appropriate movie details and

add the movie to the database.

The function allows the movie to be added only if the movie name is not already in the
database. The function does not allow for duplication of movies in the database in this

manner. The Add Movie page is shown in Fig 13.

0-0 RNRAG A

- E-LJd 3

csatyavohs - 100 best movies! HOME - Help

100 best movies |

Welcome Chandrika Satyavolu ! Logout
My Profile - 4dd Movie - Remove Movie - Rank Movies - Write Review

Name of Movie Slumdog Millionare

Release Date 18th November 2008
Director Danny Boyle
Genre : Drama

Plot

Review

Terms of Service

Add New Mavie

&] bone %4 Local intranet

Fig 13. 100 best movies! Add Movie

Another function that the website provides to a signed in user is to Rank Movies. If the
user clicks on Rank Movies link in the functions tab of Fig 13., it opens up the Rank

Movies page as shown in Fig 14.
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csatyavoln - 100 best movies! HOME - Help

Welcome Chandrika Satvavolu ! Logout
My Profile - Add Movie - Remove Movie - Rank Movies - Write Review

In order to rank movies vou can either create vour own group and rank them or choose an existing group and rank all or some movies in that group

@® Create your own group and RANK

© Select from existing groups and RANK

&] Done &3 Local intranet

Fig 14. 100 best movies! Rank Movies

The rank movies function in the test website for 100 best movies allows for creating your
own group of movies and then rank them or select from existing groups created by other
users and then rank them. If you select to create a group, the Create Group page shown in

Fig 15 opens up. You can add all the movies of your choice to the group.
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csatyavolu - 100 best movies!| HOME - Help

100 best movies |

Welcome Chandrika Satyavolu ! Logout
My Profile - Add Movie - Remove Movie - Rank Movies - Write Review

Select the movies vou want te group

1. Star Wars (1977) _ George Lucas Add
2. The Godfather (1972) , Francis Ford Coppola Added
3. Pulp Fiction (1994 . Quentin Tarantino Add
4, Casablanca (1942) , Michael Curtiz Add

3. Gone With The Wind (1939) , Victor Fleming Added
6. Raiders of the Lost Avic (1981) | Steven Spielberg Added
7. Schindler's List (1993) , Steven Spiclberg Add
8. Citizen Kane (1941 . Orson Welles Add
9, The Empire Sorikes Back (1980) | Irvin Kershner Add
10. It's A Wonderful Life (1946) . Frank Capra Add

Result Pages: 1 2 3 4 § [Mext >>

%4 Local intranet

Fig 15. 100 best movies! Create Group

The user can also choose to select from an existing set of groups created by other users.
After selecting a group, the user can be faced with the following scenarios:

e Select all movies in existing group and rank them.

e Select some movies from an existing group, make a new group and rank them.

e Select some movies from an existing group and only rank them.

e Select some movies from an existing group, add more movies, make a new group

and rank them.

e Select some movies from an existing group, add more movies and only rank them.

Fig 16. shows the page to select a group that comes before any of the scenarios described

above.
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100 best movies !
il'.k.;...(a_eﬂ..sﬂmul.! Logoat

B - A donie < Reneor Mds - Ml hbeviey - Wt Bevies)

Ealect & growp from the lsr o rask:

St o gravp TWleakend firnares 5

Fig 16. 100 best movies! Select Group
The next screenshot, Fig 17 shows the scenarios (mentioned above) available to a user

after a group is selected from a list of pre-existing groups.

Q- © HNRE®G LN, e = -LJE S

s

csatvavolu - 100 best movies! HOME - Help

100 best movies !

Logout
My Profile - Add Movie - Remove Movie - Rank Movies - Write Review

Welcome Chandrika Satyavolu !

Select the movies that you want to rank:

1. The Godfather (1972) . Francis Ford Coppola
2. Gone With The Wind (1939) , Victor Fleming
3. Raiders of the Lost Avk (1981) . Steven Spielberg Pl

[__AddMore Movies | [__Rank Selected Movies _|

&] Done

%4 Local intranet

Fig 17. 100 best movies! Select Group
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The final stage of creating a new group or selecting from a set of pre-existing groups is
shown in Fig 18. This is where the movies are ranked and the partial orders generated by
users are stored in the database. The group may or may not be created; it is up to the user.
If a group is created, the group name and the movies in the group are stored in the

database.

- O RRGPLAHOSZE-JAESB

csatvavolu - 100 best movies! HOME - Help

100 best movies |

Welcome Chandrika Satyvavolu ! Logout
My Profile - Add Movie - Remove Movie - Rank Movies - Write Review

Please rank the movies that you selected.

Note: You cannot give the same rank to more than one movie

Enter a name for the group: Weekend Bonanza
Movies Enter your rank here
1. The Godfather (1972) . Francis Ford Coppola 1
2. Gone With The Wind (1938) _ Victor Fleming 3
3. Raiders of the Lost Ark (1981) . Steven Spielberg 2
Finish Ranking
&] Dore W Local intranst

Fig 18. 100 best movies! Rank

The test website also allows for users to remove movies. However, the process of
removal is not as simple as the process of adding new movies to the database. The
procedure of adding a movie by a user does not depend on other users but removal of a

movie does depend on the popularity vote of all users. The users who added a new movie
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cannot remove their own movie either. A user can vote to remove a movie only once.
This is to make sure that bad user or a computer program does not vote a movie out of the
database by repetitive remove function. There is a remove count that keeps track of
number of users that requested for a movie to be removed. When this count reaches 100,
the movie is automatically removed from the database. The screen shot in Fig 19(a)
shows the function to remove a movie.

-5 x
' il

BEEe

csatyavolu - 100 best mowies! HOME - Help

100 best movies |

Welcome Chandrika Satyavolu ! Logout
My Profile - Add Movie - Remove Movie - Rank Movies - Write Review

Mark the movies you want to remove

1. The Godfather (1972) , Francis Ford Coppela Remove
2. Raiders af the Lost Ark (1981) , Steven Spiclberg Remeove
3. Schindler's List (1903) , Steven Spielberg Remove
4, Citizen Kane (1941) , Orson Welles Remeove

5. The Empire Strikes Back (19500 , Irvin Eershner Marked to Remove

0. The Stlence of the Lambs (1991) | Jonathan Demtne Remeve
7. Bravehsare (1993) , Mel Gibson Remove
8. The Godfather Part I ¢1974) | Francis Ford Coppola Remeve
8. Forrest Gump (1994) | Rebert Zemeckis Remove
10, Apocalypse Now (1978) | Francis Ford Coppela Remove

Result Pages: 1 2 3 4 5 [Meut =»

Fig 19(a). 100 best movies! Remove Movie

After the user chooses the movies and marks them to be removed and finally clicks on
done, a message appears confirming the same. Also, you can see that once marked the

movies do not appear in the list of movies that could be removed for a user as shown in

Fig 19(b).
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csatyavolu - 100 best mowies! HOME - Help

100 best movies |

Welcome Chandrika Satyavolu ! Logout
My Profile - Add Movie - Remove Movie - Rank Movies - Write Review

The movies you selected have been marked for deletion |1

Mark the movies you want to remove

1. The Godfather (1972) , Francis Ford Coppela Remove
2. Raiders af the Lost Ark (1981) | Steven Spielberg Remove
3. Sehindler's List (1003) | Steven Spielberg ERemove
4. Citizen Kane (1941) , Orson Welles Remove
3. The Silence of the Lambs (1991) , Jonathan Demme Remove
6. Braveheart (1995) , Mel Gibson Remove
7. The Gadfather Part Il (1974) , Francis Ford Coppola Remove
8. Forrest Gump (1994) , Robert Zemeckis Remove
9. Apocalypse Now (1979) , Francis Ford Coppola Remove
10, 2001 A Space Odyssey (1968) , Stanley Eubrick Remove

Result Pages: 1 2 3 4 & [Mexi>>

Fig 19(b). 100 best movies! Remove Movie

4 Experiments with users and evolution of system

The test website was tested by users throughout the process of developing the website to
help accommodate changes during development. Also, it helped to build a database of
movies, users and partial order rankings. The users of the system were mainly my project

guide and some friends.
The experiments with actual people using the system helped in the evolution of the

website and making it more user friendly. There were a lot of changes made and

functions added just because of the unit testing done by users. A few of them were:
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Add movie functionality
The add movie functionality more or less remained the same. The only changes were the

sizes of the fields that were set keeping in mind the expectations of the users.

Ranking movie functionality

This functionality totally evolved with the way people interacted with the system. The
ability to create groups was added on request by users. This gave the way to ranking
movies by selecting a group and not just choosing the entire set of movies yourself. This
led to making a group while ranking a set of movies necessary. However, after discussing
with the project guide, it was finalized to keep the functionality of naming the group and

saving the group as optional to the user.

Remove functionality

This functionality was added mainly because of users request to have some amount of
control over pushing some movies out of the database. So, it was designed such that a
user wanting to remove a movie can only mark it and vote for its removal. The user does

not have the absolute authority to remove it from the database.

5 Existing systems

There are two popular systems that I came across that ranked movies. They are:

www.imdb.com

www.rankrz.com
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From the imbd webpage listing top 250 movies, I infer that ranking depends on users
votes and user ratings. There could be other parameters considered too by the ranking
algorithm used by imdb. However, from what the top 250 webpage shows, there is a poll
for 250 best movies held by imdb. The movie that gets the largest number of votes and
has the maximum popularity gets to be the ranked number one on imbd rankings. The
movie that gets the second largest number of votes and has just a little less popularity gets
to be the ranked number two on imbd rankings and so on. The user ratings of the movies
are also valued in these rankings. These rankings are based on the basis of popularity of a
movie. The imdb website showing the top 250 movies is shown in Fig 20 below.

E - o e | Rt v, b, comchart frop v - | |G

W Design pattern (computer scisnce) - Wi 10 IMDb Top 250 (5]

BUY FULL-PRICED PANTS, GET

DOCKERS'
ity . 0 i P
/ / ]I" = YOUR ENTIRE ORDER
fﬁj/// A\ SHOP FOR HIM
IM n h NOW MOVIE/TV' MY IMDL MESSAGE | SHOWTIMES mm
PLAYING NEWS MOVIES Bll! IIA\' w BOARDS B TICKETS Hebuﬂle
e Internet Movie Datahas Home | Top Movies Phntos Inuependem Film | GameBase Browse | Help Login | Register
search | all v_ | .88 ) mors ltips
NEW! Watch free movies and TV on IMDb!  ...and much, much morel Watch now » PRESENTEDBY SONY.
Main index -
UM Top 250 movies as voted by our users
IMDb Bottormn 100
Far this top 230, only votes from regular voters are considerad.
US Box Office
L M Rank | Rating | Title Votes
L UBA Archive
1.] 9.1 |Ihe Shawshank Redemption (1994) 367 b7
UK Box Office 2.| 91 |The Godfather (1972) 328316
LUK Top 100 7
M Uk achive 3.| 90 |The Godfather Part Il (1974) 187,728
4.| 9.0 |The Dark Knight (2008) 306337
All-Time Box Office 5.| 89 |Buono, il brutta, il cattivo., || (1968) 111,401
L USA
B on Uk 6.| 89 |PulpFiction (1934) 321 807
J erin e, 7.| 88 |Schinders List (1993) 213,041
8.| 88 |OneFlew Overthe Cuckoo's Mest (1975) 162,729
Video Rentals
L USA Weekly Top 20 9.| 8.8 |StarWars: Episode Vv - The Empire Strikes Back (1980) 223523
L UBA Archive
100 8.8 |12Angry Men (1957) 60,508
11.| 88 |Casablanca (1942) 135,680
b action 12.| 8.8 |StarWars (1977) 264,785
denture
Animation 13.| 88 |Shichinin no samurai (1954) 76932
e .| &8 |The Lord of the Rings: The Retum of the King [2003) 264 70
Crime 15.| 87 |Goodfellas (1990) 176,283
Documentary
Drama 16.| 87 |Rear Window (1954) 92,203
Famil
Fantas 17.| 87 |Raiders of the Lost Ark (1981) 199,711
Film-Noir X
History 18.| 87 |Cidade de Deus (2002) 117 907
EE‘L’E’_ “““““ 19.| 87 |Clera unavolta il West (1968) 53,804

Fig 20. www.imdb.com
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Another website that I came across is www.rankrz.com. It generates rankings for many

fields like arts, movies, music, books etc. The movies ranking page is shown in Fig 21.
This website generates absolute rankings. However, there could be other parameters that
are considered too by the ranking algorithm used by imdb. It is similar to the voting
system described above with the only difference that a users can select a set of movies
that they deem to be the top movies. Finally, the movie that has been selected my most
users comes to be the first best movie on the website and so on. Also, if there are movies
with same number of votes, they have the same overall ranking. It is based on the

popularity of the movies.

' c o Il Rt jwsmerankez comjcomposite/a el i[=hE Sll-8 x

W Design pattern {computer science] - Wi [l Rankez - Best movies Bl Rankrz - Best movies a8

rE nK rz beta Rank! My Page Logout

[ Rarkez - User Generated Rankings ] Gmail - [ rankrz. com] Please activ.

Art Movvie Music Book Technolog Place Product Busing People MNature

RankrZ' Best movies Make your version oSk SR aarsH e
18 rankiz joined since 357 days ago rankEtifestmontes R'J "%Jq"""f"“?
Total 605 views | 4 Rankingrmarks ( Markthis!) €3 sookrmARk o 23 &7 Iyakon - Lean, The e

% Tag=: movie, movies, best, films, peliculas Godfather, The
[l Embedt this rank in & website or hiog. Designed for the sidebar. Goutetner Partl Ad¥ Goagle
[ <serint sre="ritp: e rankez. compwidget compasile s </script= | et ;‘;"‘nk ET:E "gi“;xgjm ik il

Find out if your love is a

lsamaylSBoutle perfect matchl Just enter

indemnityiPerdicion),
1 | StarWars The Straight Story, Annie Hall A s
;ﬂ‘z Mg, Ranking 27 | Recenty  along08G#),  hyokon@#g), s Tal-Wild at Hear, Star
ckhhrrviss#1), cintes(#1), aideni#d) Wiars, Clusless
Rank it : i .
W misteroo - Lave Actually Tumer Classic Movies
Wigit TCMW For One Of The
Largest Maovie Libraries In
2 The Matrix Md | ryuB14 - The Notehook, The Warld
Matrix, Shawshank ‘e tom, com
;‘Hﬁ g Ranking 25 | Recertly EtM@1), cintes(), scroco@®3), redemption
h_\’”k""(#ﬂ Wi | jarisker- Leon, Cinema
ko Paradiso Romantic Comedy Film
a =croco - Mononoke gfﬁzf;ﬁg;e?ggn;ngﬂwe
Hirme, Howl's Maving )
3 | Leon Castle, The Matrx [IiesikegmiMore
’ v Blockbuster com
;;D':i il pvg. Ranking 3.0 | Recently SCroco@), cinbvs(rz), Janskerd), Ll aiden - Gone in B0
hyokon(#1) Seconds, Howl's
Rank it Maving Castle, Meet the Eull Length Movies
Robinsons Online
Watch Classic Full
i [z2imare SO ahd Length Mavies for Free at
4 Love Actually R Hooch, Practical Magic, Eansaet
21 il g, Rarking 4.5 Reecenty ul 4#3), misteroog#t), hyskong#1 1), Frety worman ———
sytidoarno#)
Rank it . Watch Short Films
2 it ifim e, comititleftng] 4331 Recent rankrz of ‘Best Apination, Comedy,
movies Documentary & Drama.
‘sylvduanx(aﬂ) Spot the next Spike Les!

. Babelgum.som
i | ryuB14 - The Motebook,
Love staries.. Intertwined to each other. So love is just about kisses and ramantic stuff? Watrix. Shawshank

Apparently, no. o this film teaches us.This film includes love between family, friends, redemntion Ads by Google o

Fig 21. www.rankrz.com
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6 Conclusion

We have developed an algorithm that sorts elements that are not possible to be ordered by
a computer program. These elements cannot be compared using a computer program. The
algorithm uses human inputs in order to derive the total order. We have built a test
website: 100 best movies! that uses this algorithm to compare movies and obtain the total
order for top 100 movies. We have compared and contrasted our approach with the

approach followed by some popular websites like www.imdb.com and www.rankrz.com.

The imdb website uses popularity voting and the rankrz website also uses a variation of
the popularity voting technique.

This project uses a variation of the quicksort algorithm for total ordering from humanly
generated partial orders. We believe that our work can be extended to have the total
ordering done by variation of other sorting algorithms too. The performance of using

different sort algorithms can be compared and documented.
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