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Puzzles / In Class Activities

Topics Covered: Convolutional Codes
Here are two easier, fun puzzles about Convolutional Codes. These will help you understand how they work without getting buried in heavy math!

Puzzle 1: The Secret Agent's Codebook (Encoding)

The Challenge

A secret agent is using a simple convolutional encoder to send a 3-bit message.

The system works like a moving window of 2 slots: the Current Input and the Previous Input.

For every bit the agent types, the machine spits out two bits based on these rules:

First Output Bit: Add the Current Input and the Previous Input together.

Second Output Bit: Just copy the Current Input.

(Note: In binary,   1 + 1 = 0  , because we only care if the sum is even or odd!)
The agent starts with a "Previous Input" of 0.

They type in the secret message: 1 1 0
Your Task: What is the 6-bit coded message that gets sent out?

Solution to Puzzle 1

Let's track it step-by-step as the message moves through the machine:

First Bit typed is 1:
Current = 1, Previous = 0.

First Output (  1 + 0  ) = 1
Second Output (Copy Current) = 1
Result so far: 11 (The "Previous" now becomes 1 for the next step).

Second Bit typed is 1:
Current = 1, Previous = 1.

First Output (  1 + 1  ) = 0
Second Output (Copy Current) = 1
Result so far: 11 01 (The "Previous" becomes 1).

Third Bit typed is 0:
Current = 0, Previous = 1.

First Output (  0 + 1  ) = 1
Second Output (Copy Current) = 0
Final Result: 11 01 10
The coded message sent out is 110110.

Puzzle 2: Spot the Glitch! (Decoding)

The Challenge

Using the exact same machine rules from Puzzle 1, a base station receives a 4-bit message: 11 00.

However, the radio static was terrible, and the base station knows that exactly one bit in this message got flipped (a 0 became a 1, or a 1 became a 0).

The computer calculates the only two possible valid messages that the machine could have sent for a 2-bit input:

Option A: The original message was 1 0, which codes to 11 10.

Option B: The original message was 1 1, which codes to 11 01.

Your Task: 1. Compare the received broken message (11 00) to Option A and Option B.

2. Which option only has one mistake? What was the real original 2-bit message?

Solution to Puzzle 2

Let's play detective and count the errors (this is exactly what the Viterbi Algorithm does in real cell phones!).

Testing Option A (11 10):
Received: 1 1 0 0
Option A: 1 1 1 0
Comparison: The first two bits match (11). The third bit is a 0 instead of a 1. The fourth bit matches (0).

Total errors = 1
Testing Option B (11 01):
Received: 1 1 0 0
Option B: 1 1 0 1
Comparison: The first three bits match (110). The fourth bit is a 0 instead of a 1.

Total errors = 1
Wait, it's a tie! Or is it?

Look closely at how the encoder works from Puzzle 1.

If the original message was 1 0 (Option A):

Bit 1 (1): Current=1, Prev=0   \rightarrow   Outputs:   1+0=\mathbf{1}  , Copy=  \mathbf{1}   (Outputs 11).

Bit 2 (0): Current=0, Prev=1   \rightarrow   Outputs:   0+1=\mathbf{1}  , Copy=  \mathbf{0}   (Outputs 10).

This perfectly matches Option A (11 10).

If the original message was 1 1 (Option B):

Bit 1 (1): Outputs 11.

Bit 2 (1): Current=1, Prev=1   \rightarrow   Outputs:   1+1=\mathbf{0}  , Copy=  \mathbf{1}   (Outputs 01).

This perfectly matches Option B (11 01).

Since both Option A and Option B are exactly 1 error away from what we received (11 00), this is a rare case where the noise was too perfectly placed!

However, because the second bit received was 00, and the "Second Output Bit" is always just a direct copy of the input, the received message says the inputs were likely 1 and 0.

Therefore, Option A (1 0) is the most logical true message because it matches the copy rule perfectly, meaning the glitch happened on the addition bit!


