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Puzzles / In Class Activities

Topics Covered: Generator Polynomial

Here are two simple, intuitive puzzles focusing on Generator Polynomials used in Cyclic Redundancy Checks (CRC). These puzzles avoid overly dense math and focus on the core mechanics: Encoding (generating a remainder) and Decoding (checking for errors).

Puzzle 1: The Cash Register Checksum (Encoding)

This puzzle helps students understand how a generator polynomial acts as a "divisor" to create a unique fingerprint (checksum) for data.

The Scenario

A supermarket's point-of-sale terminal transmits a 4-bit price code to the main database.

The binary message is: 1 1 0 1
The system uses a basic 3-bit Generator Polynomial:

G(x)=x2+x+1
To prepare the data for transmission, the terminal converts the message into a polynomial expression, multiplies it by x2 (which appends two zeros to the end of the binary string to make room for a 2-bit checksum), and divides it by G(x) using Modulo-2 arithmetic (XOR operations, no carrying or borrowing).

The Challenge

Convert the binary message 1 1 0 1 into its polynomial form M(x).

Convert the generator G(x)=x2+x+1 into its binary code format.

Perform the binary long division (Modulo-2) on the shifted message 1 1 0 1 0 0 using your binary generator to find the 2-bit remainder. What is the final codeword transmitted?

The Solution

Polynomial Conversion:
M(x)=1(x3)+1(x2)+0(x1)+1(x0)=x3+x2+1
Binary Generator: The coefficients for x2, x1, and x0 are all 1, so the binary divisor is 1 1 1.

Modulo-2 Division:
Plaintext
            1011  <- Quotient (discarded)

         ________

111   | 110100

        111|||    <- (XOR operation)

        ______

        001100

          111|

          ____

          0010    <- Remainder
The 2-bit Checksum is 1 0. * The final transmitted codeword (Message + Checksum) is 1 1 0 1 1 0.

Puzzle 2: The Silent Alarm System (Decoding & Error Detection)

This puzzle demonstrates how the receiver uses the exact same generator polynomial to verify if a message was corrupted during transit.

The Scenario

A smart-home security panel sends a data packet to the central alarm monitor to report that a window is secure. The system uses the exact same generator polynomial from Puzzle 1: 1 1 1 (x2+x+1).

The monitor receives the following 6-bit binary string: 1 0 1 1 1 1
The Challenge

Perform Modulo-2 long division on the received data using the generator 1 1 1.

Based on your remainder, determine:

Did the message arrive perfectly intact, or did line noise corrupt the signal?

If the remainder is non-zero, what does that tell the system?

The Solution

Let's divide the received bitstream by our generator polynomial:

Plaintext
            1100

         ________

111   | 101111

        111|||

        ______

        010111

         111||

         _____

         01011

          111

          ___

          100     <- Remainder is NOT zero!
Conclusion: Because the remainder is 1 0 0 (and not 0 0 0), the central alarm system mathematically detects that the data packet was corrupted during transmission. It will discard this packet and immediately request the security panel to retransmit the status.


