When you submit a live prompt to an LLM like GPT-4 or LLaMA, the Byte-Level Byte-Pair
Encoding (BBPE)tokenizer handles the text using a strict, deterministic processing pipeline.

Because it operates at the byte level, it completely bypasses traditional text-manipulation
roadblocks. Here is exactly how your prompt travels through a BBPE tokenizer during live
inference.

The 4-Step BBPE Prompt Processing Pipeline
Step 1: Pre-Tokenization (Regex Splitting)

The moment your prompt is received, it passes through a hardcoded Regular Expression
(Regex) compiler. This step cuts the text string into isolated lexical chunks based on spaces,
punctuation, letters, and numbers.

e Your Prompt: "Don't panic! «”"
. Regex Output: ["Donll, |llt|" " paniC"’ ll!ll’ " ‘gu]

Crucial Rule: These chunks are now structurally isolated from one another. The
tokenizer is strictly forbidden from merging bytes across different chunks,
ensuring that whitespace or trailing punctuation doesn't corrupt adjacent word
roots.

Step 2: Fall Back to Raw Bytes

Every individual chunk is translated directly into its underlying UTF-8 decimal byte values.
Human-readable characters disappear at this stage, replaced entirely by an 8-bit byte array.

Let's look at how the chunk " %”" (the space + rocket emoji) is transformed:

e Text chunk: " "
e Byte representation: [32, 240, 159, 154, 128]
o 32 $\rightarrow$ The standard space character ()
o 240, 159, 154, 128 $\rightarrow$ The 4-byte sequence that builds the %’
emoji.

Step 3: Sequential Merging via the Merge List

Now, the tokenizer references its pre-trained Merge List. This list is a fixed, ordered index of
byte combinations learned during the model's training phase.

The tokenizer scans each byte array from left to right. It searches its Merge List for the
earliest occurring rulethat matches any adjacent pair in the array, applies the merge, and
repeats the loop.

Let's watch how the byte array [32, 240, 159, 154, 128] for " %”" gets resolved:

1. Scan 1: It checks if (32, 240) is a valid merge rule. No.
2. Scan 2: It checks the next pair, (240, 159). It finds a rule in its index: (240, 159) ->
1042.
o The array collapses to: [32, 1042, 154, 128]



3. Scan 3: It scans again and finds a rule for the next adjacent pair: (1042, 154) ->
4521.
o The array collapses to: [32, 4521, 128]
4. Scan 4: It scans again and finds a rule for the final pair: (4521, 128) -> 12042.
o The array collapses to: [32, 12042]
5. Scan 5: It checks if there is a rule to merge a space (32) with this specific emoji
token (12042). Because of the Step 1 regex boundary rules, no such rule exists.

The merging process for this chunk instantly halts.

Step 4: Final Vocabulary Mapping (Token IDs)

The tokenizer performs a final, instantaneous dictionary lookup to swap the remaining byte
tokens for their permanent numerical Token IDs.

For our entire prompt "Don't panic! «”", the final string-to-integer mapping looks like this:

Pre-Tokenized Chunk Final Token Subwords Vocabulary Token ID

"Don" ["'Don"] 8241

g [untu] 422

" panic" [" panic"] 21405

" [""] 0 (maps to raw byte 33)
" "?u [u ll, II%;"] [32, 12042]

The tokenizer bundles these numbers into a single vector array:

JSON
[8241, 422, 21405, 0, 32, 12042]

This clean integer array is passed directly out of the tokenizer and sent into the LLM's matrix
embedding layer to begin text generation.

Why this Process Never Fails



If you type a completely scrambled sequence of characters, a corrupted file string, or a
brand-new emoji that was invented after the model was trained, a BBPE tokenizer handles it
effortlessly.

Because it breaks the text down to raw bytes in Step 2, it can simply skip Step 3 if no merge
rules apply. It will emit the raw, native byte IDs (anywhere from 0 to 255) for those
unrecognized characters. The model processes those raw byte pieces individually,
completely avoiding crashes, exceptions, or out-of-vocabulary errors.
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