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Lempel–Ziv (LZ77) coding is a foundational, dictionary-based lossless data compression algorithm. Unlike Huffman coding, which looks at the frequencies of individual characters, Lempel-Ziv looks for repeating patterns and phrases within a moving "sliding window."

It compresses text by replacing repeated phrases with a pointer in the format:

$$\text{(Distance, Length, Next Character)}$$
Distance: How many characters to look backwards in the history.

Length: How many characters to copy from that point.

Next Character: The new character that breaks the match and advances the window.

Here are two classic puzzle challenges designed to test how to encode and decode using the LZ77 algorithm.

Puzzle 1: The Encoded Monkey (The LZ77 Compression Challenge)

This puzzle tests your ability to act like the compression engine, finding matches in past data and building the correct LZ77 tokens.

The Challenge

A monkey is typing randomly on a keyboard and outputs the following 11-character string:
A B A B A B A B B B A
Assume your sliding history window is infinitely large (it can look back to the beginning of the text). Compress this string using the classic LZ77 format (Distance, Length, Next Character).
Note: If a character has never been seen before, its Distance and Length are both 0.
The Solution

We process the string from left to right, matching incoming strings against our history:

A (First character, never seen before):

Token: (0, 0, 'A')
B (Never seen before):

Token: (0, 0, 'B')
A B A B A B B (Remaining string):

We look at the next character A. It matches the A at index 0 (distance of 2 characters back).

Can we match more? Yes! The pattern A B A B A B repeats.

Looking back 2 characters ago, we can read a length of 6 characters (A-B-A-B-A-B) because the copy window can overlap with itself!

The character that finally breaks this long match is the subsequent B.

Token: (2, 6, 'B')
B A (Remaining string):

The next character is B. Looking back 1 character ago, we see a B.

The next character after that is A, which breaks the pattern. So we match just the single B (Length 1).

Token: (1, 1, 'A')
Final Compressed Result:

The entire 11-character sequence is perfectly compressed into just 4 tokens:

[(0, 0, 'A'), (0, 0, 'B'), (2, 6, 'B'), (1, 1, 'A')]
Puzzle 2: The Archeologist's Scroll (The LZ77 Decoding Challenge)

This puzzle flips the script. It tests your ability to act like a decompression engine, rebuilding a corrupted data stream strictly from LZ77 pointers.

The Challenge

An archeologist finds a corrupted digital scroll. The raw text is gone, but the LZ77 decompression tokens are completely intact.
Decode the following sequence of 5 tokens to reveal the hidden English word:
(0, 0, 'A')
(0, 0, 'N')
(2, 1, 'B')
(4, 3, 'A')
(2, 1, 'S')
The Solution

We will rebuild the string step-by-step from left to right:

Token 1: (0, 0, 'A') No history to copy. Just output the next character.

Current String: A
Token 2: (0, 0, 'N') No history to copy. Just output the next character.

Current String: A N
Token 3: (2, 1, 'B') Look back 2 characters ago (which points to 'A'). Copy 1 character (A), then append the next character (B).

Current String: A N A B
Token 4: (4, 3, 'A') Look back 4 characters ago from the current end (our string is A N A B, so 4 characters back points to the very first A). Copy 3 characters forward from that point (A N A), then append the next character (A).

Current String: A N A B A N A A
Token 5: (2, 1, 'S') Look back 2 characters ago (the current string ends in ...N A A, so 2 characters back points to N). Copy 1 character (N), then append the next character (S).

Current String: A N A B A N A A N S
Final Reveal

The hidden word on the scroll is: ANABANAANS (an old, alternative variant spelling of "Bananas" or a specific proper noun phrase pattern!).

Lempel-Ziv algorithms (like LZ77 and its cousin LZW) are what run behind the scenes in everyday software like ZIP files, PNG images, and GIF animations.

How do you feel about tracking the "sliding window" history? Would you like to try another example to master how the self-overlapping copy trick works before your exams?


