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Abstract- This research paper mainly focuses on the possibility of applying the computer software language, algorithm, 
especially the binary algorithm, in real life. Overall, this research paper explores three different situations; (1) one-lane road 
connecting two cities, (2) tennis game, (3) traffic congestion. By simplifying real life situations into mathematical condition 
using binary algorithm, we can find the most reasonable way to solve the problem. 
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I. INTRODUCTION 
 
Every individual has a desire to occupy in advance 
and occupy multiple times. Most problems that we 
face in our lives originate from the conflict of these 
desires. So, there are many things to consider in order 
to solve complicated real-life problems. But, I 
thought that if we can simplify real life situations to 
mathematical condition and design the part of the 
program that can efficiently solve the mathematical 
case, the problems would be solved in a more 
effective way.[1],[2],[3] Assume that there are two 
cows. Two cows, called A and B, respectively, are 
individuals that have desire to be fed before and more 
than the other one. At first, neither cow has eaten hay. 
But, if A got hay prior to B, what would be the most 
reasonable way to balance the satisfaction of both 
cows coming from eating hay. Such condition is 
similar to the three cases that this research paper is 
going to focus on. Let us assume that A ate hay 
before B in the morning of the first day and B in the 
afternoon. In this case, each cow ate hay once. Even 
though the number of times that each cow ate hay is 
the same, in terms of occupying sequence, A is in 
advance. As a result, A will be relatively satisfied and 
B relatively unsatisfied. Therefore, in order to even 
out the satisfaction, in the morning of the second day, 
B should be fed first. Naturally, A will be fed in the 
afternoon. Likewise, the number of occupation and 
occupying sequence need to be balanced in order to 
even out the satisfaction that the two individuals get 
from competing against each other to obtain the same 
goal.[8],[9],[10] 
The concept of binary algorithm can be applied in 
this case. If 0 refers to A cow’s eating, 0 also means 
that B cow is not eating. Similarly, if 1 indicates that 
A cow is not eating, 1 also refers to B cow’s eating. 
Assuming that algorithm and sequence are completed 
using 0 and 1, the record of two cows’ eating pattern 
will contain either 01 or 10. At last, the number of 0 
and 1 should be the same, and assigning A’s 
satisfaction as (+) and that of B as (-), the final sum 
needs to be 0 in order to balance the extent of 
satisfaction.[11] 

Like this case, finding the most reasonable way 
binary algorithm is applied in solving problems 
originating from fulfilling desires is the main purpose 
throughout this research paper. 
 
II. METHODS & RESULTS 
 
The following list defines the subjects of this research 
paper, two individuals with desires.[4],[5] 
a. Two individuals are greedy and desire to occupy 

the same thing. 
b. Two individuals are trying to occupy in advance 

and multiple times than the other one. 
c. Occupying in advance and occupying more than 

the other leads to bigger satisfaction. 
d. Occupying later and occupying less than the 

other leads to bigger dissatisfaction. 
 
This research will look at three common problems 
that are likely to occur in real life situations by the 
conflict of desires. The main focus is to find the most 
effective way to solve the problem. In other words, 
the most efficient way is referred to a method that 
makes the total sum of one individual’s positive 
satisfaction value and the other individual’s negative 
satisfaction value 0. Simplifying real situations, we 
need to make some assumptions.[11],[12],[13],[14] 
 
i) Each individual’s occupying action is 

discrete.[15] 
ii) Two individuals cannot occupy the same thing at 

the same time. 
iii) The one that occupies in advance than the other 

has bigger satisfaction. 
iv) The one that occupies later than the other one has 

bigger dissatisfaction. 
v) Two individuals’ size of satisfaction is 

quantifiable.[16] 
 
III. ONE-LANE ROAD CONNECTING TWO 
CITIES 
 
First of all, let us assume that there is only one one-
lane road connecting two cities, A and B and one 
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traffic light for each city. Also, it is assumed that the 
time red or green light lasts can be controlled 
depending on the number of cars on the road. Drivers 
in each side of the road have desire to occupy in 
advance by crossing the bridge first and desire to 
occupy longer by making the green light of their side 
last longer. If A traffic light’s green light is 0 and red 
light 1, B traffic light’s green light will be 1 and red 
light 0. In this case, reasonable ways to solve the 
situation are different depending on the number of 
cars. For example, if we were able to estimate the 
number of cars by measuring the total weight of the 
cars on the road, 4 different scenarios would be 
possible in total.[17],[18] 
 
The first situation describes the time when there are 
traffic congestions on both A and B. In this case, First 

come first serve basis is applied when deciding the 
start of the sequence. In other words, either A or B 
that recognized the cars earlier occupies green light 
first. For example, if A recognized the signal of the 
car earlier than B, A becomes the start of the 
sequence of green light, thus making the sequence 
begin with 0. After the first term, how should the 
sequence be completed so that it can minimize the 
drivers’ waiting time on average? Under the 
assumption that each input is in effect for 30 seconds 
and drivers’ maximum waiting time is 1 minute, 
letting A occupy green line for the first minute and B 
for the second minute equally is reasonable if and 
only if there are traffic congestions on both sides of 
the bridge. In terms of sequence, the first two minutes’ 
sequence will be 0011. 

 
Table 1 Two Traffic Lights’ Sequence & Number of Green Light for the First Two Minutes 

 
 

The first minute was occupied by A and the second 
minute by B. In this situation, the time and number of 
green lights assigned to drivers on both sides are 
equal (Table 1). Even though the number of 
occupying green light is the same, only drivers on A 
side fulfilled their desire in terms of occupying order. 
Therefore, drivers on A side are relatively satisfied 

and those on B side are relatively unsatisfied. 
However, it is unreasonable to assign the green light 
to B on the third minute, because the drivers’ 
maximum waiting time is 1 minute. As a result, in 
this particular case, repeating the first cycle is 
inevitable. Such case is organized into a table below 
(Table 2). 

 
Table 2 Two Traffic Lights’ Sequence & Number of Green Light for the First Four Minutes 

 

 
 

Table 3 Binary Sequence of the First Four Cycles 

 
 

The second scenario illustrates the time when A has 
more traffic than B. In this situation, assigning equal 
time of green light on both A and B cannot be the 

most reasonable solution. If A has more traffic than B, 
A should be assigned green light first. Therefore, like 
the first case, the sequence starts with 0. But, the 
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main difference is that the time the green light lasts. 
In the second case, the first 30 seconds are assigned 

to A and the second 30 seconds to B. In terms of 
sequence, the order is 01. 
 

Table 4 Two Traffic Lights’ Sequence & Number of Green Light for the First Minute 

 
 

To summarize, the first 0.5 was assigned to A and the 
next 0.5 to B. During the first minute, the duration 
and number of green light were identical to both A 
and B. But, we need to take the fact that A has more 
traffic than B into consideration by assigning longer 

time to A during the second cycle. So, after equally 
distributing 0.5 of green light during the first cycle, A 
needs to occupy the green light for a minute and B, 
having relatively less traffic, for 0.5 minute. This is 
illustrated on the table below.

 
Table 5 Two Traffic Lights’ Sequence & Number of Green Light for the First Two Cycles 

 

 
 

Table 6 Binary Sequence of the First Four Minutes 

 
 

The third case occurs when A has less traffic than B. 
Since this case is exactly the same with the second 
case except that the situations of A and B are opposite, 
changing all 0s in the sequence  
to 1s and converting all 1s to 0s will complete the 
sequence adequate for this situation. 
 
The fourth case happens when there is not much 
traffic on either A or B. Under this circumstance, first 
come first serve basis needs to be applied once again 

to decide the individual that occupies first, a situation 
similar to the first case. Hence, the side that gets 
signal from the car first is assigned to green light first. 
But, unlike the first case, there is no need to assign 
equal amount of 1 minute to both A and B, because 
both A and B have no traffic congestion at all. 
Therefore, in case of no traffic on both A and B, 
assigning 0.5 minute of green light to A and another 
0.5 minute to B is most effective. 

 
Table 7 Two Traffic Lights’ Sequence & Number of Green Light for the First Minute 

 
 

First 0.5 minute of green light was assigned to A and 
the next 0.5 minute to B. During the first cycle, the 
duration and number of green light occupation were 

equal (Table 7). Even though these two variables are 
the same, drivers on A side fulfilled their desire to 
occupy in advance. As a result, A is relatively 
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satisfied and B unsatisfied. Consequently, the first 0.5 
minute of the second cycle needs to be assigned to B 

first. Such case is organized in the table below. 

 
Table 8 Two Traffic Lights’ Sequence & Number of Green Light for the First Two Minutes 

 

 
 

Table 9 Binary Sequence of the First Four Cycles 

 
 

IV. TENNIS GAME 
 
There are two players, A and B, playing tennis game 
in a cyber space. Each player’s serve and receive can 
be controlled by the organization of the program. A 
and B players are individuals that have desire to win 
the game by occupying score in advance and by 
occupying score more often than the opponent. In this 
case, rather than approaching the situation from 
solving-a-problem perspective, designing the most 
interesting and addictive program is the purpose. In 
short, a player winds the tennis game if he or she won 
the first 2 games out of 3. Twice serving 
opportunities are provided and the score is 
accumulated in the following order; 0, 15, 30, 40, and 
Game.[15],[16] 
 
Within the basic principles of tennis game, if A 
player scores, B loses a point and vice versa. Since 
players can score by both serving and receiving, the 
whole situation can be divided into two sub-
categories in the big picture. 

One of them is when one player gets a point from 
serving during the game. Generally, there are four 
different cases of serving, which are (1) serve ace, (2) 
down the line shot, (3) cross line shot, and (4) drop 
shot. The first sub-category describes the situation in 
which the individual that served gets a point and the 
individual that failed to receive loses a point. 
  
In this case, A’s score directly indicates B’s lost point 
and vice versa. Therefore, among three digits of the 
binary number, numbers starting with 0 is assumed to 
refer to a situation in which B fails to receive the 
serve by A. Reversely, among three digits of the 
binary number, numbers starting with 1 is assumed to 
describe a situation in which A fails to receive the 
serve by B. And, the other two digits of the binary 
number indicate the type of serve. For example, 00 
refers to serve ace, 01 down the line shot, 10 cross 
line shot, and 11 drop shot. Such situation is 
organized in the table below. 

Table 10 Scoring Cases from Serve 

 
 

The other case is when one player scores from relay 
after successfully serving. In real test game, 15% of 
the score comes from the winning shot, and the 
remaining 85% from the opponent’s inability to 
receive the shot. Therefore, in this case, thinking that 

the opponent’s mistake is directly related to my score 
makes the situation easier. This second sub-category 
also has four different case, which are the tennis ball 
(1) on the net, (2) out of back line, (3) out of left line, 
and (4) out of right line.  
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Similarly, in this case, A’s score directly infers B’s 
lost point and vice versa. Therefore, among three 
digits of the binary number, numbers starting with 0 
is assumed to refer to a situation in which B fails to 
pass the ball to A. Reversely, among three digits of 
the binary number, numbers starting with 1 is 
assumed to describe a situation in which A fails to 

pass the ball to B. And, the other two digits of the 
binary number indicate the type of losing points. For 
example, 00 refers to the ball on the net, 01 the ball 
out of back line, 10 the ball out of left line, and 11 the 
ball out of right line. All the four cases are organized 
in the table below.

 
Table 11 Scoring Cases from Receive 

 
 

In order to create the most interesting and additive 
online tennis game, the following three components 
need to be included. First of all, two players, A and B 
should have similar levels of skills. If both A and B 
have similar probability of successfully serving or 
failing to receive, no one can predict the winner of 
the game until the end of the game. But, since it is 
improbable to make all the players’ skills the same, 
the program should divide the player into four 
different categories (Beginner, Intermediate, 
Advanced, and Expert) so that each player can choose 
the his or her own character and the opponent. In 
other words, using the binary algorithm, the game 
becomes the most competitive if and only if the 
numbers of 0s and 1s are the same. Hence, if A’s 
score indicates A’s satisfaction (+) and lost point 
dissatisfaction (-), the most ideal game will yield the 
total sum of 0. 
 
Secondly, there should be no repetition of game 
pattern. If the game pattern is repeated, the player 
will be easily bored and lose interest. Therefore, in 
designing a binary algorithm, the part where the same 
sequence is reiterated should appear as late as 
possible. 
 
Last, but not least, the basis of the program is 
Mutually Exclusive and Collectively Exhaustive. 
Since the second point is about collectively 
exhaustive, the last component should be about 
mutually exclusive. One of the most significant 
strengths of online tennis game is that people can 
vicariously experience vivid tennis game without 
their physical effort of going out and getting the 
racket. Therefore, the essential part is to include all 
the skills and scenarios that actually happen during 
the game in real life. 
 
Using such binary algorithm in simplifying the 
complicated tennis game has not only computer-
based advantages but also real-life applications. First, 
since computer is based on the programming, it will 

catch the repeating part of the sequence fast. So, 
changing process is much easier. Also, since 0 and 1 
directly indicate players’ score and lost points, the 
score recording system can be operated more 
efficiently. 
In terms of real life applications, the binary algorithm 
takes advantage of game analysis. If one tennis 
player’s game pattern is recorded in binary algorithm, 
the player can improve his or her weaknesses and 
strengthen his or her strong points by noticing the 
repetitive score or lost point patterns. Moreover, for 
the preparation for the game, if a player has records 
of the opponent’s game pattern that is organized in 
binary algorithm, the strategy will directly focus on 
attacking the opponent’s weaknesses. Like this, if real 
life can be simplified using the binary sequence and 
algorithm, finding the most effective solution for such 
complex problems can be found in an easier way. 
 
 
V. TRAFFIC CONGESTION 
 
Braess’ paradox is a proposed theory that insists that 
increasing the number of roads to reduce the traffic 
rather worsen the traffic system. Another concept that 
can solve the situation described in Braess’s paradox 
is called Nash Equilibrium. This idea is applied when 
each driver acknowledges that changing the lane does 
not yield any benefit. So, in order to solve the traffic 
congestion, the system that can lead to Nash 
Equilibrium is necessary even if the Braess’s paradox 
still occurs.[5],[6],[7] 
 
Let us assume that there are two ways to go from 
place A to place B either through straight road or 
through detour. There are two traffic lights, each of 
which controls the cars on each side. The time traffic 
lights A and B occupy green light and red light can be 
manipulated depending on the number of cars. 
Drivers waiting on side A have desire to occupy the 
green light in advance through arriving on side B 
earlier than others. Also, they are the individuals that 
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have desire to occupy the green light longer than the 
other parts of the road. Let us assume that the straight 
road is made of 4 different lanes. Under the 
assumption that the green light of the traffic light on 
the straight road is 0 and red light 1, straight road’s 
traffic congestion is defined in a following way; the 
case in which choosing the straight road takes more 
time than choosing the detour. For example, if we can 
assume that laser emission from both sides can 
recognize the number of license plates, there are 
possible 4 cases. Exploring the way to reasonably 
solve the traffic congestion in each case by using the 
traffic system within the Braess’s paradox is the 
purpose of the last topic of this research.[17],[18] 
Case one is when there is no traffic. In this case, the 
traffic light of detour should always be green light. 
Since all the roads do not have any traffic congestion, 
assigning green light for all the traffic lights of the 
straight road do not create any problem. In other 
words, entering the sequence that allows the cars to 
fit in all four-lane straight road and detour in the 
system is the most reasonable way to handle the first 
case.[19],[20] 
 
Case two is when there is some traffic congestion. In 
this situation, the detour is always green light just like 
the first case. But, unlike the first case, some traffic 
congestion should not allow giving green light to all 
four lanes of the straight road because this is what 
Braess’s paradox explicitly concerns about. As a 
result, at least one road should be given the red light. 
Overall, only three out of four lines will be assigned 

the green light, and the first 4th lane which is the 
farthest from the middle line is blocked.[21] 
Case three is when there is sever traffic congestion. In 
this type of environment, as usual, the traffic light of 
the detour is green light all the game. Just like the 
second case, all four lanes cannot get the green light 
at the same time. As mentioned before, as the number 
of cars on the road increases (the intensity of the 
traffic congestion increases), more roads should be 
blocked. As a result, only 2 lanes out of 4 would get 
green light and the other 2 lanes will be blocked 
completely.  
 
Case four is when there is extreme traffic congestion. 
In this category, the traffic light of the detour is 
maintained to be the green light. Since this case is 
worse than the third scenario, the maximum number 
of roads should be blocked. Therefore, in order to 
minimize the ramifications of Braess’ paradox using 
traffic light, only 1 out of 4 lanes should be given the 
green light or all the roads should be blocked. As 
described, this lsat topic illustrates that the problem 
can be solved more effectively when people’s desire 
is controlled. All these ideas are presented in the table 
below. 
 
The basic structure of the situation is like this. The 
first lane refers to the lane that is the closest from the 
middle line. As the lane gets far away from both 
detour and the middle line, the name of the lane 
becomes 2, 3, and 4, respectively. Also, the 
assumption is that all the green light is indicated as 0, 
and all the red light as 1.  

 
Table 12 Sequence of Green Light of Each Road 

 
 

VI. RESULTS 
 
Overall, this research simplified three real life 
situations and explored the most reasonable solutions 
by using binary algorithm. First of all, the research 
tried to establish the traffic light system that solves 
the traffic even if Braess’s paradox is applied. 
Secondly, the research focused on making the most 
exciting and addictive tennis game and the way 
binary algorithm can help analyzing real tennis 
players’ playing patterns. Last, but not least, the 

research focused on how to satisfy drivers from both 
ends of the single lane road by comparing the amount 
of traffic. 
Therefore, binary algorithm improves the ability to 
analyze problems in a more profound way, thus 
helping people find the most reasonable solution. All 
three cases described in this research paper suggest 
the possibility of applying the computer software 
language, algorithm, in real life. In other words, 
algorithm holds the key to simplify complex 
individuals. In conclusion, as future applied 
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mathematicians are responsible for making a tool that 
simplifies the intricate situation and a method that 
people can easily apply and utilize, I strongly believe 
that algorithm is one of the fields that those 
mathematicians should put more emphasis on. 
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