An Analytical Inquiry into OCR-Induced
GGUF File Corruption: Mechanics,
Implications, and Experimental Potential

1. Introduction: Deconstructing the Proposed GGUF
"Creative Corruption” Pipeline

1.1. Overview of the User's Multi-Step GGUF Alteration Method

The proposed methodology for introducing variations or "damage" into GGUF
(GPT-Generated Unified Format) files presents a uniquely imaginative approach. It involves a
sequence of transformations: converting the binary GGUF file into a textual representation
(e.g., hexadecimal characters), rendering this text as an image, embedding and drastically
shrinking this image within a PDF document to near illegibility, employing Optical Character
Recognition (OCR) to extract text from this degraded image, and finally, converting this
OCR-derived (and presumably error-laden) textual data back into a new, "damaged" binary
GGUF file. The core intent appears to be the generation of altered GGUF versions for
experimental exploration, potentially to test model robustness or observe emergent behaviors.

1.2. Initial Assessment: Novelty and "Randomization Engine" Potential

This multi-stage pipeline stands out due to its unconventional use of a lossy
image-to-text-to-image-to-text conversion chain as a mechanism for data corruption in a
binary file format. The degradation introduced, primarily through image miniaturization and
the subsequent error-prone OCR process, effectively serves as a "randomization engine." The
entire pipeline can be conceptualized as a complex, non-linear filter applied to the GGUF's
binary information. The characteristics of this "filter"—determined by factors such as the
chosen textual representation, font, PDF rendering engine, image scaling algorithm, and the
specific OCR software—will collectively define the unique signature of the introduced
"damage." Each step in this chain, from the initial binary-to-text encoding, through the lossy
image transformations, to the OCR decoding and final text-to-binary conversion, contributes
to the final state of the altered file. Consequently, the "damage" is not merely random noise
but a structured artifact of this entire sequence of operations. This report will delve into the
technical intricacies of this process, establishing that while highly creative, the method's
outcomes are likely to be chaotic and challenging to control with precision.

1.3. Report Objectives and Structure

This report aims to provide an expert-level analysis of the proposed GGUF alteration method.
It will meticulously examine:



The structure of the GGUF file format and its inherent sensitivities.
Each step within the proposed transformation pipeline.
The characteristic error patterns introduced by OCR, particularly when applied to
severely degraded textual images.

e The probable impact of these OCR-induced errors on the various components of a
GGUF file.

e A comparative analysis of this indirect corruption method against more direct binary
mutation techniques.

e An assessment of the experimental viability and potential discoveries arising from such
an approach.

2. The GGUF File Format: Architecture and Inherent
Fragility

2.1. GGUF: Purpose and Design Philosophy

GGUF is a binary file format specifically designed for the efficient storage, rapid loading, and
convenient deployment of Large Language Models (LLMs). It often serves as a single-file
solution, capable of encapsulating not only the model weights but also crucial metadata,
including tokenizer information.” This integrated approach simplifies model distribution and
usage, eliminating the need for separate tokenizer configuration files for basic operation.”
GGUF evolved from the earlier GGML format, aiming to provide enhanced flexibility,
extensibility, and compatibility across a diverse range of hardware platforms and operating
systems, including support for CPU-based inference with optional offloading of computation
layers to GPUs.? Its design prioritizes features like efficient compression, scalability for
increasingly large models, and ease of integration.?

2.2. Detailed Breakdown of GGUF Structure

A GGUF file is organized as a sequential layout of several key parts, ensuring structured
access for quick loading and use." The primary components are the header, a metadata
key-value store, an array of tensor information blocks, and finally, the consolidated tensor
data.’

2.2.1. Header

The GGUF header is of a fixed size and contains fundamental information about the file's
content and structure." Key fields include:

e magic number: A constant value of Ox47475546 (ASCII for 'GGUF'). This signature is
the primary identifier of a GGUF file." Its precise binary, and therefore its textual
hexadecimal representation, is critical. Any alteration to this magic number will typically
result in the file being immediately rejected by loading software.

e version: An integer indicating the GGUF version (e.g., V1, V2, V3). This allows for format
evolution while potentially maintaining backward compatibility if loaders are designed



appropriately.’
e tensor_count: A 64-bit unsigned integer specifying the total number of tensors stored
in the file.!
e metadata_kv_count: A 64-bit unsigned integer indicating the number of key-value
pairs present in the metadata section.’
Corruption in these count fields (tensor_count, metadata_kv_count) is highly likely to cause
catastrophic failures during parsing. Erroneous counts can lead to incorrect memory
allocations for subsequent data structures or cause parsers to read beyond intended section
boundaries, potentially triggering crashes or buffer overflows, as GGUF parsers may not
always perform exhaustive bounds checking.®
2.2.2. Metadata Key-Value Store

This section provides a flexible mechanism for storing a wide array of details about the
model.' Each entry in this store consists of:

e Key: A UTF-8 encoded string (e.g., "general.architecture”, "llama.context_length").

e Value Type: A code indicating the data type of the value (e.g., string, integer, float,

boolean, array).

e Value: The actual data, conforming to the specified value type.
Common metadata keys include model architecture (e.g., general.architecture: llama), model
name (general.name), context length (llama.context_length), embedding length, block count,
tokenizer model (tokenizer.ggml.model: llama), vocabulary tokens (tokenizer.ggml.tokens), and
quantization version (general.quantization_version).’
While GGUF loaders might be designed to ignore metadata keys they do not recognize ',
corruption in the textual representation of known keys, their associated value types, or the
values themselves can lead to significant problems. For instance, if a numerical value
represented as a string (e.g., "2048") is altered by OCR to include non-numeric characters
(e.g., "2048"), parsing will likely fail, or the model configuration will be incorrect. Similarly,
errors in the length specifiers for strings or arrays within the metadata can lead to
misinterpretation of the data stream.
2.2.3. Tensor Info Array

Following the metadata, an array of tensor information blocks describes each tensor in the
model. Each block typically contains
Name: A UTF-8 encoded string identifying the tensor (e.g., blk.0.attn_norm.weight).
n_dims (Number of Dimensions): An integer specifying the rank of the tensor.
shape (Dimensions): An array of integers defining the size of each dimension of the
tensor.

e type: A code (e.g., GGML_TYPE_F32 for 32-bit float, GGML_TYPE_Q4 K for a specific
4-bit quantization type) indicating the data type and quantization scheme used for the
tensor's weights. A comprehensive list of types can be found in ggml.h within the
llama.cpp project.’

e offset: A 64-bit unsigned integer specifying the byte offset from the beginning of the



GGUF file to where this tensor's actual data begins.’
Corruption in this section is extremely critical.

e Incorrect tensor names might not be immediately fatal if tensors are primarily accessed
by their index in the array, but such errors would break any functionality relying on
name-based lookups.

e Errorsin n_dims or shape will lead to incorrect memory calculations and addressing
when accessing tensor data, likely causing crashes or silent data corruption.

e An erroneous type is particularly damaging. If, for example, the hex representation of
GGML_TYPE_Q4_Kis OCR-corrupted into an invalid type code or even a different valid
type code (e.g., GGML_TYPE_Q8_0), the subsequent tensor data will be entirely
misinterpreted during dequantization or loading, resulting in garbage values.

e Anincorrect offset will cause the loader to read data from the wrong segment of the
file, again leading to meaningless tensor values or attempts to read past the end of the
file.

2.2.4. Tensor Data

This section constitutes the bulk of the GGUF file and contains the actual numerical values
(weights and associated quantization parameters) for all tensors described in the Tensor Info
Array.! The data for each tensor is stored sequentially, and GGUF mandates that tensor data
be aligned to a specific byte boundary (e.g., 32 or 64 bytes). This alignment value is typically
specified by the general.alignment metadata key, defaulting to 32 bytes if not present.! This
alignment requirement introduces another point of fragility; if OCR errors result in the
insertion or deletion of bytes (or hex characters representing them) in preceding sections or
within the tensor data itself, this alignment can be disrupted, leading to misaligned reads and
potential crashes or incorrect data interpretation.

2.3. Focus on Quantized Tensor Data (e.g., K-quants)

Quantization is a key technique used in GGUF to reduce model file sizes and the
computational resources required for inference, making LLMs more accessible on consumer
hardware.® GGUF supports a variety of quantization types, including the "K-quant" family
(e.g., GGML_TYPE_Q2 K, GGML_TYPE_Q3_K, GGML TYPE_Q4 K, GGML_TYPE_Q5 K,
GGML_TYPE_Qé _K).' These K-quant types employ a block-based quantization scheme.

For instance, the GGML_TYPE_Q4_K quantization type, a common choice, typically organizes
data into "super-blocks." Each super-block might contain 8 "blocks," and each block, in turn,
comprises 32 weights.® The weights themselves are quantized to 4 bits. Associated with each
block are scaling factors (block_scale) and minimum values (block_min), which are often
quantized to 6 bits each.® The dequantization formula is generally
w=gxblock_scale+block_min, where q is the 4-bit quantized weight.® This structure results in
an effective bit-per-weight (bpw) of around 4.5 for Q4 _K.2

The data for these quantized blocks is very tightly packed. A common K-quant block size is
256 weights (e.g., QK_K = 256). For Q4 _K, these 256 4-bit weights would occupy 128 bytes.
The scales and minimums add further overhead. For a super-block of 256 weights (which



consists of 8 blocks of 32 weights each), there would be 8 corresponding 6-bit scales and 8
corresponding 6-bit minimums.

The impact of corruption on this densely packed data is severe. If the GGUF file is converted
to a textual hexadecimal representation for the OCR pipeline, a single incorrect hex character
(which represents 4 bits of data) can have cascading effects:

e It can directly alter a 4-bit weight value, potentially changing it significantly.

e It can corrupt part of a 6-bit scale or minimum value. Since a scale or minimum applies
to all 32 weights in its block, an error here will incorrectly dequantize all associated
weights.

e Crucially, because the data is packed, an error in one hex character can shift the
interpretation of subsequent bits. For example, if a 6-bit scale is stored across two hex
characters (e.g., using 3 bits from one and 3 from another, or more complex packing),
an error in one of those hex characters will affect not only that scale but potentially also
adjacent weights or scale/min values that share those bytes.

e Insertion or deletion of hex characters by OCR would be even more devastating, causing
a misalignment of the entire subsequent bitstream within the tensor data.

2.4. GGUF Parsing Vulnerabilities and General Sensitivity

GGUF file parsers, such as the one implemented in the popular llama.cpp library, may not
always perform exhaustive validation of all fields within the input file.® This can lead to
vulnerabilities where a specially crafted or corrupted GGUF file could cause memory
corruption issues during parsing. As noted by Databricks, "The GGML library performs
insufficient validation on the input file and, therefore, contains a selection of potentially
exploitable memory corruption vulnerabilities during parsing. An attacker could leverage these
vulnerabilities... via serving a crafted gguf file".°* While the user's proposed corruption method
is not intended to be malicious, the resulting OCR-corrupted file is effectively a "crafted" file,
albeit with unintentional and chaotic modifications.

The lack of comprehensive bounds checking in some GGUF parsing implementations is
particularly relevant.® "Since there is almost no bounds checking done on the file, there are
numerous other cases where allocations are performed with unbounded user input and
wrapped values".®* OCR-induced errors in critical count fields (like tensor_count,
metadata_kv_count, or string length specifiers within metadata or tensor info) could easily
lead to such scenarios. For example, if OCR corrupts a hexadecimal representation of a length
field, causing it to be interpreted as an extremely large number, a subsequent memory
allocation based on this value might fail, or if it wraps around due to an integer overflow, it
could lead to an undersized buffer allocation followed by an oversized read, resulting in a
heap overflow.®

The sequential and interdependent nature of GGUF file sections means that errors are highly
prone to cascading. The GGUF parser typically reads the header first to determine the
number of metadata entries and tensor information blocks it should expect to process.' If, for
instance, the tensor_count field in the header is corrupted by an OCR error (e.g., the
hexadecimal representation '64' for 100 tensors becomes 'G4' due to an OCR



misinterpretation of '6' as 'G', rendering it non-numeric, or '‘6A" which is 106), the parser will
attempt to read an incorrect number of tensor info blocks. This misstep will either cause the
parser to read past the actual tensor info section and into the tensor data (if the count was
erroneously increased) or to stop reading prematurely (if the count was decreased). Either
scenario results in a misalignment for all subsequent file reading operations. The offset fields
within each tensor info block, which specify the starting position of the tensor's data, are
relative to the beginning of the file but are used to access data after all tensor info blocks are
presumed to have been read. If the number of tensor info blocks read is incorrect due to a
corrupted tensor_count, these offsets become meaningless, effectively decoupling the tensor
descriptions from their actual data. Thus, a single critical OCR error in an early part of the file,
such as the header, can invalidate the entire file structure, rendering it unparsable or leading
to the loading of nonsensical data, irrespective of whether the subsequent sections were
directly affected by OCR errors themselves.

While GGUF metadata offers a degree of flexibility, such as allowing programs to ignore
metadata keys they don't recognize ', this provides only a marginal and highly improbable
pathway for "damage" to be non-catastrophic. For this to occur, an OCR error would need to
be precisely confined to altering or inserting a metadata key into an unrecognizable form,
without corrupting that key's length specifier, the value type, the value itself, or the value
fields of other key-value pairs, and critically, without affecting the overall metadata_kv_count
in the header or the byte offsets for subsequent, structurally vital data. The proposed
degradation method, involving shrinking text to "almost too small" to cause "significant loss of
detail," suggests that errors are likely to be widespread and pervasive rather than isolated and
surgically precise. An error corrupting a metadata key is highly likely to also corrupt its
associated length field or the surrounding data, thereby breaking the integrity of the
key-value store parsing process. Therefore, while a benign, isolated metadata corruption is
theoretically conceivable, its occurrence through the described OCR pipeline is exceedingly
unlikely.

The following table summarizes the GGUF file structure and its susceptibility to corruption
introduced via OCR errors on a textual (e.g., hexadecimal) representation.

Table 1: GGUF File Structure and Susceptibility to OCR-Induced Textual Corruption

GGUF Key Elements / |[Typical Data Primary FunctionHigh-Level
Component Fields Representation Susceptibility to
(Pre-OCR Text) OCR-Induced
Textual Errors
(e.g., Hex)
Header magic number, Fixed hex string  [File identification, [Extremely High.
version, for magic; model parameter [Error in magic =
tensor_count, numeric values  [counts, versioning.immediate
metadata_kv_counlconverted to hex. rejection. Error in
t counts =
catastrophic




parsing failure for
subsequent
sections, potential
memory
corruption.®

Metadata
Key-Value Store

Key string, value
type, value,
string/array
lengths

ASCII/UTF-8 for
keys/string values
converted to hex;
numeric
codes/values
converted to hex.

Model
configuration,
tokenizer info,
quantization
details.

High. Errors in
key/value lengths,
types, or critical
values (e.g.,
non-ignorable
architecture
strings, numeric
parameters) =
parsing failure or
incorrect model
configuration/beh
avior.”

Tensor Info Array|

Tensor name,
n_dims, shape,
type, offset

ASCII/UTF-8 for
names converted
to hex; numeric
values/codes
converted to hex.

Tensor metadata,
dimensions, data
type, location of

tensor data.

Extremely High.
Errors in counts
(n_dims), shape,
type
(quantization), or
offset = memory
miscalculation,
misinterpretation
of tensor data,
reading from
incorrect file
locations, likely
leading to crashes
or garbage data.’

Tensor Data

Quantized
weights, scales,
minimums;
alignment padding

Packed bits for
quantized data
represented as a
long hex string.

Actual model
parameters
(weights).

Very High. Errors
in hex
representation of
quantized data =
incorrect weights,
scales, mins,
leading to severely
degraded or
nonsensical model
outputs, or
crashes during




computation.
Alignment issues
due to byte shifts
from
inserted/deleted
hex characters are
also critical.’

3. The Degradation Gauntlet: Step-by-Step Analysis of
the Transformation Process

The proposed GGUF alteration method subjects the file's data to a series of transformations,
each contributing to the final "damaged" state.

3.1. Binary GGUF to Textual Representation

The initial step involves converting the binary GGUF file into a textual representation. The
choice of this representation is crucial as it defines the character set that will be subjected to
image degradation and OCR, thereby influencing the types of errors introduced.

Hexadecimal (e.g., 47475546...): This is a direct and common method where each
byte of the binary file is converted into two hexadecimal characters (0-9, A-F). This
representation is relatively compact (compared to raw binary) and uses a small,
well-defined character set. OCR errors on these characters, such as mistaking an '8' for
a'B,a'0' fora'D'or 'O’ ora'5' for an'S', are plausible given visual similarities,
especially under severe degradation. This format aligns well with the types of
character-confusion errors often discussed in OCR contexts.

Base64 Encoded Text: Base64 encoding maps every three bytes of binary data to four
ASCII characters. The character set is larger, including uppercase letters (A-Z),
lowercase letters (a-z), digits (0-9), and two special characters ('+' and '/'). While
standard, a single OCR error in one Base64 character would affect 6 bits of the original
data, potentially leading to more complex error patterns than hex. The larger and more
varied character shapes might also lead to a different profile of OCR confusion.

Raw Binary Digits (e.g., 01000111...): Representing the GGUF file as a sequence of
'0's and '1's would result in an exceptionally lengthy string. Attempting to OCR such a
string, especially when miniaturized and blurred, would be extraordinarily error-prone.
The visual similarity between '0" and '1' under extreme degradation would likely lead to a
massive rate of bit-flips, effectively randomizing large portions of the data, but perhaps
not in the subtly patterned way that OCR errors on more complex characters might
induce.

Given the user's interest in specific error patterns arising from visual confusion, hexadecimal
representation appears to be the most suitable choice for this experimental pipeline, as it
offers a constrained set of characters where such confusions are well-documented.



3.2. Text-to-Image Rendering and PDF Miniaturization

Once the GGUF file is in a textual form (e.g., hexadecimal), this text must be rendered as an
image. Several factors at this stage influence the quality of the image presented to the OCR
engine:

e Rendering Parameters: The choice of font, initial font size (before shrinking),
anti-aliasing techniques employed by the rendering engine, and the layout of the text
(e.g., line breaks, character spacing, margins) will all determine the clarity and
characteristics of the initial text image.

e PDF Miniaturization: This is the core "degradation" step. Embedding the text image
into a PDF and then drastically shrinking it to a size described as "almost too small" will
inevitably cause significant information loss. This process is likely to introduce:

o Loss of Resolution and Blurring: Fine details of character shapes will be lost,
and edges will become indistinct.' Blurry or low-resolution images are a primary
cause of reduced OCR accuracy.”

o Characters Touching or Merging: As characters are scaled down, the space
between them will diminish, leading to adjacent characters touching or even
merging into composite shapes.” This severely complicates the character
segmentation phase of OCR.

o Loss of Distinct Shapes: Visually similar characters (e.g., 'C' and 'G', 'O" and 'Q’,
‘8" and 'B' in certain fonts) will become even harder to distinguish.

o Compression Artifacts: If the PDF creation process involves lossy image
compression for the embedded text image, additional artifacts (e.g., blockiness,
ringing) could further degrade the text's legibility.™

The user query explicitly mentions shrinking the image to "almost too small," which directly
engineers the conditions known to challenge OCR systems severely. Factors like character
breakup, stray marks from the degradation process, and touching characters are known to
impede OCR performance.™

3.3. Optical Character Recognition (OCR): The Primary Source of
"Damage”

The OCR software attempts to reconstruct the original textual characters from the severely
degraded image on the PDF. The OCR process typically involves several stages, including
image preprocessing (e.g., binarization, noise reduction, skew correction, though these may
be less effective on intentionally mangled input), layout analysis, character segmentation,
feature extraction, and character recognition/classification.'

e OCR Mechanisms: OCR engines often employ techniques like pattern matching
(comparing image segments to stored character templates or glyphs) and feature
detection (identifying characteristic strokes, curves, and line intersections that define
characters).” Both mechanisms are heavily challenged by the type of degradation
introduced:

o Pattern matching is less effective when character shapes are heavily distorted,



blurred, or vary significantly from the OCR's training data due to font choice and
degradation.
o Feature detection struggles when these defining features are obscured, broken,

or merged with those of adjacent characters.
The inevitable errors made by the OCR system during this reconstruction phase constitute the
"damage" that is introduced into the textual representation of the GGUF file. The specific PDF
rendering software and the chosen OCR engine will significantly influence the nature of these
errors. Different PDF creation tools might employ varying downscaling algorithms or image
compression techniques, leading to different visual artifacts when the text image is
miniaturized. Similarly, OCR engines are built using diverse algorithms and trained on different
datasets '%; some may exhibit better performance on certain types of fonts or degradation
patterns than others. Consequently, the precise "damage signature" imparted to the GGUF
data could vary if one were to change, for example, from using Adobe Acrobat for PDF
creation to a generic PDF printer driver, or switch from an open-source OCR engine like
Tesseract to a proprietary commercial OCR solution. This introduces an additional layer of
variability and potential uncontrollability into the experimental setup.

4. Characterizing the "Damage": OCR-Induced Error
Patterns in GGUF Data

The "damage" inflicted upon the GGUF file via this pipeline is not random noise but rather a
reflection of the characteristic error patterns of OCR systems when faced with severely
degraded input.

4.1. Taxonomy of Common OCR Errors

Research into OCR performance has identified several common types of errors, many of
which are highly relevant to the proposed GGUF corruption method '°:

e Substitutions/Misrecognitions: This is perhaps the most pertinent error type for a
hexadecimal text stream. OCR systems may misinterpret one character for another,
especially if they are visually similar when degraded.

o For hexadecimal characters (0-9, A-F), common confusions could include: '8' for
'B' (and vice-versa), 'O for 'O’ (if 'O’ is treated as zero) or 'D', "1 for 'I' or 'L’ (if the
font makes them similar and OCR expects letters), '5' for 'S', '6' for 'G', 'C' for 'G".
The snippet '® notes misreading of similar characters like lowercase 'I' and
uppercase 'l', or '1' and lowercase '0'; this principle extends to the limited set of
hexadecimal characters. "Character exchanges" are noted as a common OCR
issue.®

e Missed Characters (Deletions): Extremely small, faint, or blurred characters might be
overlooked entirely by the OCR process and omitted from the output text.™

e Inserted Characters/Noise: OCR software might erroneously "hallucinate" characters
from image noise, stray marks, or artifacts, inserting them into the recognized text.”

e Merged Characters: Two or more adjacent tiny characters might be misinterpreted by



the OCR as a single, different character.™ For example, two adjacent 1's could
potentially be read as an 'H' or 'M' depending on the font and degradation.

e Split Characters: Conversely, a single character might be incorrectly segmented and
interpreted as two separate characters.” For hex, a 'B' might be split into '1' and '3' if
severely distorted.

e Transpositions: The order of characters might be flipped. While more common with
whole words in prose ', poor segmentation of densely packed, tiny characters could
potentially lead to localized transpositions.

e Formatting Issues: OCR systems often struggle with preserving formatting like bold,
italics, or mixed case.” For a continuous stream of hexadecimal characters, this is
generally less relevant unless the initial text rendering introduced visual variations (e.g.,
variable stroke weight due to anti-aliasing artifacts when shrunk) that the OCR
misinterprets as formatting cues leading to character changes.

4.2. How These Errors Translate to Textual GGUF Data (Assuming
Hexadecimal)

If the GGUF file is represented as a stream of hexadecimal characters, these OCR errors
translate directly into alterations of that stream:
e Original Hex Stream Example: ...47475546... (representing the GGUF magic number
'‘GGUF')

o Substitution: An OCR error changing '7' to 'G' (if 'G" is a possible OCR output for
a degraded '7") would result in ...4G475546.... If '5' becomes 'S), it yields
.. 4T47S546....

o Deletion: If one of the 'T's is missed: ...4745546.... This is critical because it
shortens the hex string, causing a misalignment of all subsequent data when
converted back to binary. Each deleted hex character means 4 bits of data are
lost, and the byte boundaries shift.

o Insertion: If a spurious character, say 'X/, is inserted: ...4747X5546.... This also
shifts all subsequent data, adding 4 spurious bits (if ‘X" is somehow interpreted as
a hex char, or more likely, causing a parsing error if 'X' is not a valid hex digit).

o Merged Characters: If, hypothetically, 47 was misread as a single character 'M'
(not a valid hex digit, leading to parsing failure).

o Split Characters: If '‘B' (hex) was misread as '1' followed by '3' (both valid hex
digits), ...B... becomes ...13.... This replaces 4 bits with 8 bits, again causing a major
stream shift.

The fundamental consequence is that each hexadecimal character represents exactly 4 bits
(a nibble) of the original binary data. An OCR substitution error on a hex character means
those 4 bits are altered. More drastically, any insertion or deletion of a hex character causes
the entire subsequent bitstream to be misaligned with respect to its original byte boundaries,
leading to a complete scrambling of the data from that point onwards.

4.3. Probable Impact on GGUF Components (Revisiting Section 2 with



OCRlens)

The OCR-induced errors in the hexadecimal stream will have varying but generally severe
impacts on the different GGUF components:
e Header:

o

magic (47475546): A single hex character substitution (e.g., 4747554B if '6' is
misread as 'B') changes the magic number. The file will almost certainly fail to
load, being rejected as not a valid GGUF file. Insertions/deletions here are equally
fatal.

version, tensor_count, metadata_kv_count: These are numeric values stored in
binary, then converted to hex. An OCR error in their hex representation (e.g.,
decimal 100 is hex 64; if OCR changes this to G4 by misreading '6' as 'G', or E4 by
misreading '6' as 'E') would corrupt these critical counts. This would lead to read
errors, incorrect memory allocations (potentially causing buffer overflows or
underflows as highlighted by parser vulnerabilities ¢), and a complete inability to
correctly parse subsequent file sections.

e Metadata:

o

Keys (strings, e.g., "general.architecture"): These are converted to a sequence of
hex characters (e.g., 67656E6572616C2E617263686974656374757265). OCR errors
will alter the string. If a key's length (which is also stored and converted to hex) is
corrupted by OCR, the parser will attempt to read too many or too few characters
for the key string, desynchronizing the metadata parsing.

Value Types (numeric codes): Similar to header counts, their hex representations
are vulnerable. An incorrect value type will cause the associated value to be
misinterpreted.

Values: If a string value like "llama" (hex 6C6C616D61) is altered by OCR to "lloma"
(hex 6C6C6F6D61 if 'a' becomes '0'), the model architecture or other parameters
might be misinterpreted. If a numeric value that is represented as a string in the
metadata (e.g., "4096") undergoes OCR errors in its hex form, it may no longer
parse as a valid number, or parse as the wrong number.

e Tensor Info:

o

O

o

Names (strings): Similar vulnerability to metadata keys.

n_dims, shape (numeric values): Critical for tensor memory allocation. Their hex
representations are susceptible to OCR errors, leading to incorrect tensor
dimensions.

type (numeric code for GGML_TYPE_Q4 _K, etc.): Extremely critical. An OCR error
changing the hex representation of this type code will cause the tensor data to be
dequantized using entirely wrong logic, resulting in garbage values.

offset (numeric value): Also critical. An OCR error in its hex representation will
cause the loader to seek to an incorrect position in the file to read the tensor
data, leading to data from other tensors or garbage being read.

e Tensor Data (Quantized Blocks):

O

This section is represented as a very long stream of hexadecimal characters,



encoding the tightly packed bits for weights, scales, and minimums.

o A substitution error like hex 'A’ (binary 1010) becoming 'B' (binary 1011) due to
OCR confusion results in a single bit-flip within the 4-bit nibble represented by
that hex character.

o A substitution like hex ‘A" becoming '4' (binary 0100) results in multiple bit-flips
within that nibble.

o Common visual confusions, like '8' (hex) becoming 'B' (hex), are particularly
relevant. If this affected hex character was part of a 6-bit scale factor, that scale
factor is now incorrect, affecting all weights in its block. If it was part of several
packed 4-bit weights (e.g., two 4-bit weights in one byte, represented by two hex
chars), those specific weights are corrupted.

o Deletions or insertions of hex characters within this stream are catastrophic. They
shift the entire subsequent bitstream, completely misaligning all packed data. For
example, if a Q4_K block is expected to contain 256 4-bit weights (represented by
128 hexadecimal characters), and a single hex character is deleted by OCR, the
block becomes short by 4 bits. This means the data for the next block (or the next
tensor) will be pulled in prematurely and misinterpreted, and this error will
cascade through the rest of the tensor data.

4.4. Severity and Nature: Non-Uniform, Patterned Errors

The "damage" introduced by this OCR pipeline will not be equivalent to uniformly random
bit-flips. Instead, it will be characterized by:

Non-Uniformity: OCR errors are not typically uniformly distributed across all possible
character transformations. Studies suggest that non-uniform character-level corruption
models are more representative of OCR errors than uniform ones.” This aligns with the
expectation that certain character confusions are more probable than others.
Patterned Errors: The errors will reflect the inherent biases of the OCR system and the
visual similarities between characters in the chosen font, especially when severely
degraded. Substitutions like '8'«<>'B' or '0'«>'O'/'D" in a hex stream will likely be more
prevalent than, for example, ‘A’ becoming 'Z', if there's no strong visual resemblance
under degradation.

High Error Rate: Given the intentional, extreme shrinking of the text image, a very high
rate of OCR errors (substitutions, deletions, insertions) is to be expected.

Stream Misalignment: Deletions and insertions of hex characters, which are plausible
OCR error types ™, will cause shifts in the byte stream. This type of error is particularly
destructive for a structured binary format like GGUF, as it desynchronizes the parser
from the data.

The specific font chosen for rendering the hexadecimal text prior to its miniaturization can
significantly influence the resulting OCR error patterns. Some fonts possess characters that
remain more visually distinct even under conditions of severe degradation, while other fonts
may feature characters (e.g., 'O versus 'O', '1' versus 'l' or 'I') that become ambiguous more
readily. For instance, a font with a slashed zero ('0') and distinct serifs on the numeral '1' might



lead to fewer '0'/'O" and "1'/'I'/'l' confusions compared to a sans-serif font where these
characters are more similar. When these characters are shrunk to near illegibility, such subtle
typographic differences can become critical determinants of how an OCR system interprets
them, thereby leading to different probabilities of specific substitutions. Consequently, the
choice of font acts as an implicit variable within the experimental setup, potentially altering
the "damage signature" imparted to the GGUF data.
Furthermore, if the textual hexadecimal representation of the GGUF file is laid out with line
breaks or a specific multi-column format on the image destined for the PDF, OCR errors
related to layout interpretation could introduce large-scale structural damage. A very long
hexadecimal string derived from a GGUF file will inevitably require multiple lines or columns
when rendered as an image. If this image is then drastically shrunk, the visual cues for these
line breaks or column boundaries may become obscured or distorted. "Column and Line Break
Inconsistencies" are recognized as a common category of OCR errors.™ Should the OCR
system miss a line break and erroneously concatenate two lines of hexadecimal text, or
conversely, misinterpret a visual artifact as a line break and prematurely split a line, this would
result in the effective deletion or insertion of a large number of characters. If a multi-column
layout is used and the OCR confuses the reading order, entire blocks of text could be
transposed. Such errors would be far more destructive and complex to analyze than isolated
single-character substitutions, potentially leading to massive segments of the GGUF's binary
data being lost, scrambled, or reordered, almost guaranteeing an unparsable file.

The following table provides concrete examples of how common OCR error types might
manifest in a hexadecimal data stream and their impact on the binary reconstruction.

Table 2: Common OCR Error Types and Their Projected Impact on Hexadecimal GGUF

Data
OCR Error Type |Example Original 4-bit Resulting 4-bit |Potential
(Original Hex Binary (Example)((or other) Binary [Consequence for
Char(s) -> OCR'd / Consequence |(GGUF Binary
Char(s)) Reconstruction
Substitution 8->B 1000 (for 8) 1011 (for B) Single bit flip
(Visual Similarity) within a 4-bit
nibble.
Substitution 0->D 0000 (for 0) 1101 (for D) Multiple bit flips
(Visual Similarity) within a 4-bit
nibble.
Substitution A->4 1010 (for A) 0100 (for 4) Multiple bit flips
(Other, e.g., noise within a 4-bit
interpretation) nibble.
Substitution (to  [F->P 1111 (for F) Invalid hex Parsing error
non-hex) character during
hex-to-binary
conversion.
Deletion (Missed [C -> (missing) 1100 (for C) 4 bits lost Byte stream




Character) misaligned from
this point forward;
all subsequent
data shifted and
misinterpreted.

Insertion (noise) -> E N/A 1110 (for E) 4 spurious bits

(Spurious inserted; byte

Character, valid stream

hex) misaligned.

Insertion (noise) -> X N/A Invalid hex Parsing error; if

(Spurious character somehow

Character, bypassed, stream

non-hex) misaligned.

Merge (e.g., two [4A->M 0100 1010 Invalid hex Parsing error; loss

hex chars to one character of 4 bits and

invalid) stream
misalignment.

Split (e.g., one hex|B -> 13 1011 (for B) 0001 0011 Original 4 bits

char to two valid replaced by 8 bits;

hex) stream
misaligned.

5. Comparative Analysis: OCR-Induced Corruption vs.
Direct Binary Mutation

The proposed OCR-pipeline method for GGUF file corruption is highly indirect and contrasts
sharply with more conventional, direct methods of binary file mutation.

5.1. Overview of Direct Binary Mutation Methods

Direct binary mutation involves modifying the binary file content itself, often with more precise
control or specific goals. Common techniques include:

e Bit-Flipping: This involves altering individual bits at specific known offsets, randomly
selected offsets, or within targeted regions of the binary file.”® Bit-flip attacks are a
known method for assessing or inducing faults in Deep Neural Network (DNN) weights,
which is analogous to altering GGUF tensor data.™

e Byte-Flipping/Modification: Similar to bit-flipping, but operating at the byte level,
changing entire bytes or replacing them with specific or random values.

e Fuzzing: Fuzz testing, or fuzzing, is a software testing technique that involves providing
invalid, unexpected, or semi-random data as input to a program. In the context of GGUF
files, a fuzzer could generate malformed GGUF files by mutating a valid seed file or by
generating inputs based on the GGUF format specification.?’ While often used to find




parsing vulnerabilities in software ©, the mutated files themselves are corrupted variants.
"Binary Mutation is the process of purposefully introducing faults into a program
without having the source-code" %, which is fundamentally what direct methods aim for
with greater control.

Targeted Weight Perturbation: For LLMs, if one had access to the dequantized model
weights (or a way to manipulate them through the quantized representation), more
sophisticated mutations could be applied. This could include adding noise from specific
distributions to weights, zeroing out certain weights or neurons (neuron effect
blocking), or shuffling weights.? These are model-aware mutations rather than raw
binary alterations.

5.2. Contrasting Error Signatures

OCR-Pipeline Method:

o Pattern: The errors are non-uniform and systematic, strongly influenced by the
visual similarity of characters in the degraded image and the specific biases of
the OCR algorithm used.” Errors are often localized to certain types of character
substitutions (e.g., '8' for 'B'). A key characteristic is the potential for stream
desynchronization due to the insertion or deletion of hexadecimal characters,
which affects the alignment of all subsequent data.

o Nature: Primarily involves substitutions of hexadecimal characters (each affecting
a 4-bit nibble of the binary data) or, more critically, insertions/deletions of entire
hexadecimal characters, leading to shifts in the byte stream.

Direct Methods (e.g., Random Bit-Flipping):

o Pattern: If bit-flips are applied randomly, the error pattern is, by definition,
statistically uniform. Each bit in the file (or targeted section) has an equal
probability of being flipped.

o Nature: Involves direct alteration of individual bits at their precise locations within
the binary stream. There is typically no inherent structural awareness unless the
flipping is explicitly targeted based on knowledge of the file format.

5.3. Controllability and Predictability

OCR-Pipeline Method: Offers very low controllability over the specific location, type,
or quantity of "damage." The primary control mechanism is the degree of image
shrinkage, which is a very coarse adjustment. The exact outcome for any given GGUF
file processed through this pipeline is highly unpredictable, as acknowledged in the
user query ("difficult to control the amount of damage").
Direct Methods:
o Targeted Bit/Byte Flipping: Provides high control over the location (specific
offsets) and number of alterations.
o Random Bit/Byte Flipping: Allows control over the overall rate or density of
errors (e.g., flip 0.01% of bits), but not their precise locations.
o Fuzzers: Can often be configured with mutation strategies and may be guided by



feedback (e.g., code coverage) to explore different states, but individual
mutations within a strategy are often randomized or based on predefined
templates.

o Targeted Weight Perturbation: Offers high control if specific weights or
structures are being modified.

5.4. Scope and Severity of Impact

e OCR-Pipeline Method: Carries an extremely high probability of catastrophic failure,
meaning the GGUF file becomes completely unreadable by parsers or causes immediate
crashes. This is due to the high likelihood of errors in structurally critical header fields,
metadata counts, tensor information (types, offsets, dimensions), or widespread stream
misalignments from character insertions/deletions in the hex representation.® If, against
all odds, a file does load, the damage to the tensor data is likely to be extensive and
patterned according to the OCR error characteristics, probably rendering the model
non-functional or producing entirely incoherent outputs.

e Direct Methods:

o Low-Rate Random Bit-Flips: May result in subtle changes to model behavior, no
discernible change if non-critical data is hit or if the model exhibits some
robustness, or localized errors. Higher rates of random flips rapidly increase the
probability of severe, often catastrophic, corruption.

o Targeted Flips/Perturbations: Can cause specific, potentially localized effects if
aimed at known sensitive areas (e.g., weights of a particular layer, critical
metadata values). The severity can be controlled by the extent of the
modification. Fuzzing, particularly if aimed at parser logic, can uncover critical
vulnerabilities leading to crashes.®

5.5. Potential for Novelty vs. Practicality

e OCR-Pipeline Method: Possesses a high potential for generating unique and exotic
error patterns that are unlikely to be replicated by standard direct mutation techniques.
The "damage" is a direct artifact of a visual-to-textual misinterpretation process,
encoding the biases of human-like character recognition into the binary data. However,
it is an extremely impractical and inefficient method for generating subtly altered or
even minimally functional GGUF variants.

e Direct Methods: Are far more practical for controlled experimentation, such as
systematically testing a model's robustness to a specific number of bit-flips in its weight
data or evaluating parser resilience to specific malformations. They are less likely to
produce the kind of "organic" or "perceptually-driven" error patterns that the OCR
pipeline might inadvertently create.

A notable aspect of the OCR-pipeline method is that it inherently tests the robustness of the
entire GGUF ecosystem in a way that more targeted mutation approaches might not. This
includes the GGUF file specification itself, the resilience of parser implementations to
complex, patterned corruption, and ultimately, the LLM's tolerance to data that has been



mangled through a process mimicking representational error. Targeted bit-flipping within, for
example, only the tensor data section, often presumes a correctly parsed header and
metadata. In contrast, the OCR method can indiscriminately corrupt the GGUF header (e.g.,
magic number, tensor counts), metadata fields (e.g., lengths, types, critical string values),
tensor information (e.g., dimensions, data types, offsets), and the tensor data itself, all
through errors originating in its textual (hexadecimal) representation. This means that the
GGUF parser's ability to handle malformed lengths, invalid counts, incorrect data types, and
erroneous offsets—areas where vulnerabilities have been noted ¢—is directly and
comprehensively challenged. Therefore, any GGUF file that "survives" this degradation
gauntlet and remains even partially loadable would have demonstrated a form of resilience
that encompasses not just the numerical tolerance of the underlying LLM but also the
structural and logical resilience of the parsing software.
The following table provides a comparative overview of the OCR-pipeline corruption method
versus direct binary mutation techniques for GGUF files.
Table 3: Comparison: OCR-Pipeline Corruption vs. Direct Binary Mutation of GGUF Files

Signature

non-uniform, based on
visual character
similarity & OCR
biases; potential for
stream shifts from hex
char insertion/deletion.

(statistically, if applied
randomly).

Characteristic OCR-Pipeline Direct Mutation (e.g., [Direct Mutation (e.g.,
Method Random Bit-Flipping) [Targeted
Perturbation/Fuzzing
)
Error Pattern Systematic, Uniformly random Targeted to specific

locations/structures; or
rule-based/heuristic-d
riven for fuzzing.

Controllability
(Location/Amount)

\Very low control;
primary lever is image
shrinkage.

Moderate control
(overall error rate for
random flips); high for
specific offset flips.

High control for
targeted perturbations;
heuristic-guided for
fuzzing.

Predictability of
Outcome

Highly unpredictable
for individual files.

Effects statistically
predictable at scale for
random flips; specific
outcomes for targeted
flips.

More predictable for
targeted changes;
specific vulnerabilities
for fuzzing.

Likely Severity

Usually catastrophic
(file unreadable, parser
crash).

\VVariable: from
subtle/none (low rate)
to catastrophic (high
rate).

Can be controlled (for
targeted) or
catastrophic (parser
crash from fuzzing).

Potential for Novel
Error Types

High (due to unique
visual-textual

misinterpretation

Low (standard bit/byte
errors).

Moderate (fuzzing can
find novel parser bugs;

targeted mutations




process). explore specific

hypotheses).
Primary Impact Errors in hexadecimal [Direct alteration of Alteration of specific
Mechanism character stream bits/bytes at their model parameters,
(substitutions, binary locations. data structures, or
insertions, deletions) parser logic paths.

leading to bit errors
and/or byte stream
misalignment.

Typical Experimental [Exploring exotic failure Robustness testing to [Analyzing impact of

Use Case modes; testing random hardware-like [specific
combined parser + errors; general weight/parameter
model robustness to  [sensitivity analysis. changes; finding
complex, patterned parser vulnerabilities;
degradation. controlled robustness
studies.

6. Experimental Viability and Potential Discoveries

The proposed OCR-based GGUF corruption pipeline, while inventive, faces significant
challenges in terms of experimental viability, particularly if the goal is to generate functional or
subtly altered model variants.

6.1. Likelihood of Generating Functional or “Interestingly Broken"
Variants

The probability of this method producing a GGUF file that remains fully functional is
exceptionally low. The GGUF format's reliance on precise header information, metadata
counts, tensor descriptors, and data alignment means that the kind of widespread, patterned,
and often stream-desynchronizing errors introduced by OCRing a severely degraded
hexadecimal representation will almost invariably lead to parsing failures or critical data
corruption. The user's own estimate of a >99% rate for unloadable or non-functional files is
likely accurate, and potentially an underestimate.

The prospect of generating "interestingly broken" variants—files that load despite corruption
and produce coherent but perhaps bizarre or unexpected outputs, or exhibit unusual
resilience—is theoretically possible but would be an exceedingly rare occurrence. It would be
akin to searching for a specific atom in a vast volume of space. The vast majority of errors
introduced will likely be too fundamental (e.g., corrupted magic number, invalid tensor counts,
misaligned tensor data) for the model to even begin processing in a meaningful way.

6.2. Exploring GGUF Structural Robustness or LLM Resilience

Despite the high failure rate, the method could, in very rare instances, reveal unexpected
aspects of GGUF structural robustness or LLM resilience. If a GGUF file, despite undergoing



this degradation process, still loads (even partially) and produces some form of output, it
might highlight:

e Parser Resilience: The specific GGUF parsing library used might handle certain types
of malformed data (e.g., an OCR-corrupted metadata field that most parsers would
reject) in an unexpectedly graceful (or unexpectedly catastrophic but non-obvious)
manner. This could point to undocumented error handling or specific vulnerabilities.®

e Model Architecture Sensitivity: Different LLM architectures or GGUF versions might
exhibit varying degrees of sensitivity to this particular kind of patterned, text-derived
corruption.

e Robustness to Quantization Perturbations: While the OCR pipeline introduces far
more than just quantization noise, any surviving model would have demonstrated a
degree of robustness to a very specific and complex noise model. Research exists on
training neural networks to be robust to quantization perturbations without necessarily
minimizing the quantization error itself.?> This experiment, though crude and
unintentional in this regard, pokes at the boundaries of such robustness.

6.3. Challenges in Sifting Through Outputs

A significant practical hurdle is the sheer volume of completely broken and unusable files that
this method would generate. Identifying any "interesting" behavior beyond basic loadability or
immediate crashing would be a monumental task.

e Screening: Automated screening would be essential, but designing effective heuristics
to define and detect "interesting" (yet broken) behavior in LLM outputs is non-trivial.

e Reproducibility: The outcome of the OCR process can be sensitive to minor variations
in the PDF rendering (e.g., exact scaling factor, PDF software version), the OCR engine
version and its settings, or even the font used for the initial hex-to-image conversion.
This could make it difficult to reliably reproduce a specific "interesting” corruption if one
were found.

The experimental approach might yield more tractable insights if the focus shifts slightly.
Rather than primarily seeking novel LLM behaviors from the corrupted files, the experiment
could be framed as a method for understanding the failure modes of GGUF parsers when
confronted with data corrupted by a process that simulates real-world document degradation
and digitization errors. OCR errors are a known challenge in the digitization of textual
archives.” The proposed pipeline subjects a GGUF file (via its hex representation) to a
process somewhat analogous to being printed, physically degraded, and then re-digitized via
OCR. Given that GGUF parsing libraries may have vulnerabilities or unhandled edge cases
related to malformed input ¢, this experiment could inadvertently trigger or reveal such issues.
For example, observing how a parser like that in llama.cpp handles a tensor_count field whose
hexadecimal representation has been corrupted by an OCR error (e.g., an 'O’ character
appearing instead of a '0’, rendering the hex value non-numeric) could be informative about
the parser's input validation and error recovery mechanisms. Therefore, a systematic analysis
of how and why the generated GGUF files fail to load could be more immediately fruitful for
understanding parser robustness than for discovering new LLM behaviors, as the vast



majority of files are unlikely to reach the stage of LLM inference.

A further refinement of the experimental concept could involve statistically characterizing the
"damage signature" produced by the specific PDF/OCR setup. If the experiment were
conducted at scale using a known GGUF file (converted to hex, processed through the
image/PDF/OCR pipeline multiple times, and the OCR'd hex output compared to the original
hex), it would be possible to build a statistical model of the OCR errors. This model could take
the form of a confusion matrix for hexadecimal characters (e.g., detailing the probability of an
original '8' being OCR'd as 'B', '6', '0’, etc.), along with empirically derived rates for character
insertions and deletions for that particular experimental setup. Such an error model could
then be used to create a more controlled and reproducible "OCR-emulating" mutation tool.
This tool would directly modify the hexadecimal string representation of any GGUF file based
on these learned OCR error probabilities, thereby bypassing the cumbersome and less
controllable physical image/PDF/OCR steps. This approach would grant greater control,
improve reproducibility, and enhance efficiency, while still allowing for the exploration of the
unique error patterns characteristic of OCR. It would also enable more targeted studies, such
as investigating the impact of "OCR-like corruption" applied selectively to only the metadata
section's hex representation, or only to a specific tensor's data. This separates the novel
"randomization engine" (the OCR error profile) from the less predictable physical process of
generating those errors.

7. Conclusion and Recommendations for Further
Inquiry

7.1. Summary of Analysis

The proposed multi-stage pipeline for corrupting GGUF files through a
binary-to-text-to-image-to-PDF-to-OCR-to-text-to-binary transformation is a highly
inventive and unconventional approach to generating file variations. However, the analysis
indicates an extremely high likelihood of catastrophic file corruption. This is primarily due to
the inherent structural sensitivity of the GGUF format—with its critical header fields, metadata
counts, tensor descriptors, and data alignment requirements—and the nature of errors
introduced by OCR when applied to a severely degraded textual (e.g., hexadecimal)
representation of the binary data. The "damage" resulting from this process is not uniformly
random but is patterned, reflecting the specific biases of the OCR system and the visual
confusability of characters in the degraded image. Insertions or deletions of textual
characters are particularly pernicious, as they lead to byte stream misalignments that typically
render the file unparsable.

7.2. Potential Value and Limitations

The primary value of this method lies in its uniqueness as a "randomization engine," capable
of producing error patterns that are unlikely to be generated by more direct binary mutation
techniques. There is a slim, theoretical potential for uncovering unexpected GGUF parser



failure modes or, even more rarely, unusual LLM robustness or behavior when confronted with
this specific type of complex, patterned degradation.

However, the limitations are substantial. The method offers extremely low control over the
location, type, and extent of corruption. It is highly inefficient, with the vast majority of outputs
expected to be completely unusable. The predictability of specific outcomes for any given
input file is virtually nil, and reproducibility of "interesting" results may be challenging due to
the sensitivity of OCR to minor variations in the pipeline.

7.3. Suggestions for Refining the Experimental Approach or Focusing
Inquiry

For further inquiry into this "creative corruption” technique or its underlying principles, the
following refinements or alternative focuses could be considered:

1. Systematic Study of Textual Representations: If proceeding with the full pipeline,
conduct comparative experiments using different textual representations of the GGUF
binary (e.g., hexadecimal vs. Base64). Analyze how the choice of representation and its
character set interacts with the image degradation and OCR process to alter the profile
of introduced errors and their subsequent impact on GGUF file integrity.

2. Targeted Degradation of GGUF Sections (Advanced): A highly complex but
potentially more controlled approach would involve applying the image/PDF/OCR
degradation process to only the hexadecimal representation of specific, isolated
sections of the GGUF file (e.g., only the metadata block, or the data for a single tensor).
The "damaged" hex string for that section would then need to be carefully spliced back
into an otherwise intact GGUF file, with meticulous attention to maintaining correct
offsets and alignment for all subsequent data. This is technically challenging but might
marginally increase the chances of producing a loadable, albeit altered, file.

3. Characterize the "OCR Noise" for Simulation: As discussed, a more pragmatic
approach would be to first characterize the error matrix of the chosen PDF/OCR setup.
This involves:

o Taking a known, representative hexadecimal string (or several).

o Processing it through the image rendering, PDF shrinking, and OCR steps multiple
times.

o Statistically analyzing the differences between the original hex and the OCR'd hex
to determine probabilities of specific character substitutions (e.g., P('8' -> 'B'),
P('0' ->'D')), insertions, and deletions.

o Develop a software tool that directly mutates hexadecimal GGUF representations
based on these empirically derived probabilities. This would simulate "OCR-like
damage" in a more controlled, reproducible, and efficient manner.

4. Investigate GGUF Parser Behavior and Resilience: Shift the experimental focus
towards understanding how GGUF parsing libraries (e.g., the parser in llama.cpp °)
handle these uniquely corrupted files. Instrument the parser to log detailed error
messages, internal states upon failure, or points of deviation from expected parsing
paths. This could yield valuable insights into parser robustness, edge-case handling,



and potential vulnerabilities, contributing to the development of more resilient GGUF
loading tools.

5. Explore the Threshold of Damage: Investigate the "onset" of OCR errors. Instead of
extreme shrinking, incrementally increase the image degradation (e.g., by reducing PDF
image size in small steps) and identify the point at which OCR errors begin to appear.
Operating in this near-threshold regime might offer a slightly more controlled (though
still very noisy) environment for introducing minimal, patterned corruption.

6. Direct Hex-Level "Visual Similarity" Mutations: As a more direct simulation of one
key aspect of the anticipated OCR damage, implement mutation operators that act
directly on the hexadecimal string representation of the GGUF file. These operators
could, with a certain probability, swap visually confusable hexadecimal characters (e.g.,
‘8" with 'B’, 'O" with 'D’, ‘A" with '4', based on a predefined confusion set). This method
would be far more controllable and reproducible than the full OCR pipeline while still
exploring a specific type of patterned error.

By focusing on characterizing the error source or by using the generated files to probe parser
resilience, the innovative core of the proposed method can be channeled into more structured
and potentially more fruitful avenues of investigation.
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