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Puzzles / In Class Activities

Topics Covered: Encoding and decoding of linear block codes
Here are two simple, hands-on puzzles designed for college students to intuitively understand the core concepts of Encoding (adding redundancy) and Decoding (error detection and correction) in Linear Block Codes.

We will use a basic   (3, 1)   Repetition Code and a Simple 2D Parity Check Code.

Puzzle 1: The Triple-Message Whispering Game

Concept taught: Encoding, Redundancy, and Majority-Vote Decoding.

The Challenge

Imagine a battlefield communication system where a general can only send a single binary bit of information to a captain: 0 (for "Retreat") or 1 (for "Attack").

However, the communication channel is highly noisy, and there is a high chance a single bit might get flipped (a 0 becomes a 1, or vice versa).

How should the general "encode" the single bit message to ensure it survives a 1-bit error?
If the captain receives the sequence 1 0 1, how should they "decode" it to find the original message?
The Solution

The Encoding Rule: The general uses a   (3, 1)   repetition code. For every 1 message bit (  k=1  ), they repeat it 3 times to create a 3-bit codeword (  n=3  ).

If the message is 0   \rightarrow   Encoded Codeword = 0 0 0
If the message is 1   \rightarrow   Encoded Codeword = 1 1 1
The Decoding Rule (Majority Voting): When the captain receives 1 0 1, they look at which bit appears the most. Since there are two 1s and only one 0, the majority wins.

Decoded Message = 1 (Attack). The system successfully corrected the error in the middle bit!

Puzzle 2: The Magic Square Grid Matrix

Concept taught: Generator matrix logic, Matrix parity checks, and pinpointing exact error locations.

The Challenge

A computer wants to send a 4-bit message block: 1 0 1 1. To protect it from transmission errors, the computer arranges the bits into a   2 \times 2   grid and adds "Even Parity" bits at the end of each row and column. An Even Parity bit is chosen as either 0 or 1 to make the total number of 1s in that row or column an even number.

Fill in the missing encoded parity check bits (  P_1, P_2, P_3, P_4  ) in the grid below:
	Data Bit 1
	Data Bit 2
	Row Parity

	1
	0
	P_1

	1
	1
	P_2

	Col Parity (P_3)
	Col Parity (P_4)
	


Decoding Challenge: During transmission, the grid gets corrupted and the receiver gets this exact grid matrix:

	1
	1
	1

	1
	1
	0

	0
	1
	


One single bit in this grid is wrong. Can you find the exact row and column where the error occurred and fix it?
The Solution

Part 1: Encoding the Grid

Row 1: Has one 1 (1, 0). To make the count even,   P_1   must be 1 (Total 1s = 2).

Row 2: Has two 1s (1, 1). The count is already even, so   P_2   must be 0.

Column 1: Has two 1s (1, 1). The count is already even, so   P_3   must be 0.

Column 2: Has one 1 (0, 1). To make the count even,   P_4   must be 1.

The completely encoded block sent out is: 1 0 1 1 1 0 0 1.

Part 2: Decoding and Error Correction

Let's check the parity rules on the received grid:

Check the Rows:
Row 1: 1 + 1 + 1 = 3 (Odd! Error detected in Row 1)

Row 2: 1 + 1 + 0 = 2 (Even. No error here)

Check the Columns:
Column 1: 1 + 1 + 0 = 2 (Even. No error here)

Column 2: 1 + 1 + 1 = 3 (Odd! Error detected in Column 2)

Pinpoint and Fix:
The intersection of the broken row and the broken column is Row 1, Column 2.

The received value there is 1. Flipping it back to 0 restores the correct message seamlessly!


