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Abstract:  Pong, an arcade game, was initially designed as a training exercise and became one of the most popular games ever that paved 

the way for many of the personal-console games in the future. Here, we undertake the task of modeling the above game which can be 

played on a quantum computer. We create a static 3-space model of the game that follows a sequential approach and includes a user-based 

choice system on the positioning of the paddles. We develop new quantum circuits, design and simulate those, and verify the results using 

IBM quantum experience platform. 

Index Terms - Quantum Computation, Quantum Logic Gates, Pong Game, Sequential Game Theory, IBM Quantum 

Computer, Foosball. 

I. INTRODUCTION 

Quantum computation and quantum information is the study of the information processing tasks that can be accomplished using quantum 

mechanical systems [1]. The information presented here will be well understood with a basic understanding of classical computation like 

what bits are, how logic gates work and basic knowledge of matrices and linear algebra. The basic unit of information processing in a 

modern-day computer is the bit, which can assume one of the two states: 0 and 1. How quantum computing differs from regular computing 

is that it uses qubits (short for “Quantum Bits”) instead of bits. Unlike a bit, a qubit can exist in more than two states (Fig. 1).  

FIG. 1: Comparison between a classical bit and a qubit. 

 

The states that a qubit can exist in are |0⟩, |1⟩, a superposition of these two states. The notation used here can be called a “state” or a 

“vector” or a “ket”. The superposed state is somewhat special. For the superposed state given here [2]: 

 

 |ψ⟩ = α|0⟩ + β|1⟩                            (1) 

Both α and β are complex numbers such that |α|2 + |β|2 = 1. However, when measured, the qubit is seen either in |0⟩ or in |1⟩ state. Here, |α|2 

and |β|2 gives the probability of finding |ψ⟩ in |0⟩ or |1⟩ state. 

With all this basic information, and taking a brief look over some other papers on quantum games such as quantum Shooting game [3], 

quantum Bingo [4], quantum Sudoku [5], the solution to the Monty Hall problem [6], Diner’s Dilemma [7] and quantum robots [8], 

quantum go [9], quantum tic-tac-toe [10], one realizes that some further knowledge about the algebra of quantum information is required. 

The next section will brief you about the basic knowledge of qubits, single-qubit and two-qubit gates. 
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II. BRA-KET NOTATION AND DIFFERENT TYPES OF PRODUCTS 

Bra-Ket notation: The bra-ket notation is also known as Dirac notation. An elementary idea of this notation can be provided as follows:  ⟨ 
c | v ⟩ is a “bracket”; now we may divide it into two parts as ⟨c| and |v⟩. It can be mentioned that a bra-state is a row vector while a ket-

state is a column vector. 

 

Different types of products 

 

 An inner product of two states is a bra state (row vector) premultiplied to a ket state (column vector). This results in a single-

digit answer as a row vector when premultiplied to a column vector resembles very closely to a dot product. 

 

 An outer product of two states is treated as a ket state (column vector) premultiplied to a bra state (row vector). This results in a 
matrix with dimensions of the given vectors. 

 
 A tensor product is defined as follows: 

 

It is to be noted that all the above products are carried out in Hilbert space. Before actual application on the IBM QE, here we can go 
through the following matrices that are used in designing the game. 

 

Here, H stands for Hadamard, X stands for Pauli-X (Not gate), CNOT (the blue two-qubit gate) stands for control Not, CCNOT/CCX (the 

purple three-qubit gate) stands for control-control Not gate. The above matrices are representations of the different gates used in our circuits, 
which have a comprehensive guide given on the documentation page of the IBM quantum experience (IBM QE) platform. 

III. PONG 

The Original Game. Pong is one of the earliest arcade video games. It represents a table tennis sports game using two-dimensional graphics. 

The game was originally manufactured by Atari and was released it in 1972. It was originally a training exercise for the creator based the 
idea on an electronic ping-pong game included in the Magnavox Odyssey [12]. A basic run of the program can be seen in the Fig. 2. 

 

FIG. 2: A snippet of the actual game displaying the scores of the players. The player on the left has scored 0 and the player on the right has 
scored 3 points. 

 

The goal of the game is to score a goal by making the ball cross the line covered by the opponent’s paddle. It can also be seen as an 

oversimplification of the physical dynamic game of Foosball. The way we’ll look at the game here will be a simplification of the game into 

a static sequential game. Even that gets complex as there will still be a large play-court where it’s possible for the ball to turn and reflect at 

multiple angles. We use a 3 × 3 table which has two paddles instead, one white and one black. 
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Conversion into a sequential game:  

 

Each paddle can move to either of the three spaces horizontally. We assume that the second paddle (the white one here) is controlled by the 

opponent (as it happens in many multiplayer computer games). That means that it’s randomly placed in either of the three places. The aim 

of the game is to score a goal.  

Again, for simplicity, the ball will only move vertically up and down (Fig. 3a). To do that the white paddle is required to shoot in either of 

the spots the black paddle isn’t present. And for the ball to be hit by the paddle it must be at either of the three positions on the top that 

corresponds to the position of the ball. Now, it may confuse a few readers and include more qubits, so it was fixed that the position of the 

ball will always correspond to the position of the paddle in turn. Hence, that brings the outcome of a move in the game down to the positions 

of the two paddles. Therefore, in a particular chance/turn of play the white paddle, it must position itself in either of the two positions that 
the black paddle is not blocking (Fig. 3b, 3c). 

 

 

Mathematical Modelling: 

 

We assign the quantum states |00⟩, |01⟩, |10⟩ to the vectors in the 3 respective spaces (left to right) that each paddle will occupy (Fig. 3d). 

This results in a total of 9 outcomes shown in the Fig. 4. 

 
                           (a)                        (b)                                             (c)                                           (d) 

FIG. 3: Modeling 3×3 Pong into a sequential game. (a) The basic functionality of the elements in the game. (b) The hit from a paddle 

will be a goal if no obstruction ahead. (c) The hit from a paddle will not be a goal when the other paddle blocks it.  

(d) Labeling the three spaces the paddle can occupy. 

 

 

 

FIG. 4: The truth table based on the mathematical model. 

 

The second truth table is an outcome of the change of turn which happens as a result of the cases in which the white does not win otherwise 

seen as a tie. This then leads to the three cases in which the black does not win and the chance/turn is passed onto the white paddle again. 

Therefore, one can logically say that the chances of winning of a player during his/her turn are higher than losing. This somewhat helps with 

modelling this into logic gates. Taking a look at the cases that have a lesser chance of winning, it may seem like a reference to Shannon’s 

entropy in quantum information. It is done to design a specific circuit to measure the cases in which the paddle with the turn/chance loses. 
In all other cases, it is known that the paddle will win. Hence, the basic quantum circuit used to measure such cases is shown in Fig. 5. 

FIG. 5: Quantum circuit illustrating the game. By measuring the last qubit, through the Z-measurement box (shown with an arrow 

inside) we will know if any of the above combinations were triggered and the qubit was flipped. 
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Theoretical Circuit 

 

One can divide the quantum circuit into two sections. The first part consisting of the Hadamard gates and control Hadamard gates. The 

first part creates the three superposed states required for the calculations here: for both W (applied on q[0] and q[1]) and B (applied on q[2] 

and q[3]). Hence both the paddles have an entangled state of (|00⟩ + |01⟩ + √2|10⟩) / 2, which is a superposition of the three states used to 

represent the paddle’s position. The second part of both the paddles is responsible for checking their positions. It has three subsequent 

checks for the three-position placements in which the game end in a tie. They are shown in the same order as the cases are present in the 

truth table. The final circuit made on IBM quantum experience using the provided gates is shown in Fig. 6. It is to be noted that, the IBM 

QE has CCX gates which is a two-controlled operation, so to accommodate a 4-controlled operation, we use a series of CCX gates along 

with a few extra qubits. For anti-control operations (the white check in the theoretical circuit diagram), we use X gates on both the sides 

of the control qubit. 

 

FIG. 6: Quantum circuit on the IBM QE. The extra qubits (q[5], q[6], q[7]) used here occur due to the fact we have 4 control qubits and 

the gates provided only has a double qubit control at most. 

 

 

 

 

Sequencing 

 

As mentioned earlier, we want to have a sequential approach at the game. Therefore, to incorporate that, we need to give the user choice 

on where they want to place their paddle. To perform this, the previously created 3 states have to be converted back to a position where 

we can place the paddle at |00⟩, and apply quantum gates on it to change the position to |01⟩ or |10⟩. We make use of the identity property 

of the Hadamard and control Hadamard gates, i.e. when reapplied on the qubits in a mirrored sequence, they reach back to the states they 

were initially. This is achieved in the quantum circuit shown in Fig. 7. 

FIG. 7: The operations applied before the provision of choice. Here, Hadamard and control Hadamard operations on the qubits q[0], q[1], 
and q[2], q[3] help bring the state to |00i for the upper and lower paddle respectively. 

 

Now that the states are back to |00⟩, we can use quantum controlled operations to set the conditions for positioning the paddle. This requires 

additional two qubits per paddle. The part of the circuit, that will be used to check the positioning of the paddles, is shown in Fig. 8. 

FIG. 8: The choice provision circuit. The first CCX checks for the position |01⟩ and the second CCX checks for the position |10⟩ for both 

the paddles. 
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Now, the paddles are at |00⟩ and the circuit diagram shown above (Fig. 8) takes care of |01⟩ and |10⟩. The full quantum circuit, 

demonstrating the modelling of the game is illustrated in Fig. 9. 

 

FIG. 9: The full quantum circuit. Here, qubits q[8] and q[9] hold the choice provided for the positions of the 1st paddle and qubits q[10] 

and q[11] hold the choice provided for the 2nd paddle. 

 

To decide whether the game ended in a tie or not, we have to check the value of the (trigger) qubit used to provide the signal for the trigger 

in either of the three cases ending in a tie. This means that if the value of the qubit we measure comes out to be |1⟩ (Fig. 11), then there 

has been a tie else the player whose paddle is supposed to be in turn wins the point. 

 

Circuit Examples 

 

Here is a circuit in which the output will not be a tie as the first paddle is at |10⟩ and the second at |01⟩ (Fig. 10).  

FIG. 10: Full quantum circuit with a variable choice. Here, q[8] and q[9] set the position |10i for the 1st paddle and q[10] and q[11] set 

the position |01⟩ for the 2nd paddle. 

 

Results 

IG. 11: A result snippet from the tie case. Output: |1⟩ 

FIG. 12: A result snippet from the goal case. Output |0⟩ 
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IV. CONCLUSION 

 

To conclude, we have modelled a static 3 × 3 Pong game by developing a quantum circuit which can be designed on a quantum computer 

to be played with. Pong, although is a dynamic non-sequential game, here it was converted into a sequential game to be easily modelled 

with the help of quantum circuits. We were able to provide the user with the choice to position the paddle themselves. We have designed 

the quantum circuits on the IBM quantum experience platform and verified the performance of the game. Our approach presents the scope 

for further research where it can be modified to be a random position checker on this 3 × 3 rendition of Pong. The same approach then can 

be applied to extend the model to n × n system.  
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