NHCTUTYT NCKYCCTBEHHOTO

dakynbteT KoMnbOTEPHbIX Hayk
MHTeNNeKTa N UMPpPOBbLIX HayK

MeToabl OUEHKN OLWNOOK

reHepaunm ANPePy3nOHHbIX
Mmoaeneun

®épnop MNaxypos, cTaxkep-uccnegoBaTesb, NPOEKTHO-y4YebHana nabopatopumsn
«MICKYCCTBEHHbIN MHTENNEKT B MaTeMaTUYECKUX GUHAHCAX»

MockBa,
2025




MHCTUTYT UCKYCCTBEHHOTO ANPPY3NOHHBIX Moaenen CTaXkep-uccnenoBaTesib, NPOEKTHO-y4ebHan nabopatopusn

@ dakynbTeT KomnbloTepHbix Hayk, MeToabl OLeHKMN OLWMBOK reHepaLmm ®épnop Maxypos, 2
MHTENNEKTA U LMDPOBLIX HAYK «MCKYCCTBEHHDBIN MHTENNEKT B MaTEMATUYECKMX GUHAHCAX»
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[ToCcTaHOBKa 3a4au4m
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BbibpaHHaa metogmKa (Complexity-
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dtan 1: aHaM3 BpeMeHHbIX pAaos

T1an 2: NpUMeHeHne Ha N30bparKeHnAx
Pe3ynbTaTbl M BbIBOAbI

byayuwue HanpaBaeHUA




dakynbTeT KomnbloTepHbix Hayk, MeToabl OLEeHKM OLMBOK reHepauun ®épnop Maxypos,
MHCTUTYT UCKYCCTBEHHOTO andPy3MoHHbIX moaenen CTa)kep-uccnenoBaTenb, NPOEKTHO-y4ebHaa nabopatopusa

MHTENNEKTA U LMDPOBLIX HAYK «MCKYCCTBEHHDBIN MHTENNEKT B MaTEMATUYECKMX GUHAHCAX»

[pobnema ranntoymHaymnm Training Generated
Samples Samples

Shapes
Anddy3moHHble mogenn —> doTtopeanmsm, HO

reHepUpyoT HECYLLECTBYIOLME AEeTanun

Diffusion

NckarkeHue AadHHbIX B MPUK/Z1a4HbIX 3a4ad4aX odel

Hy»XeH nerkmm getepMmHMpPOBaHHbIN cnocob
OLLEHKMU

Examples of hallucinations from Sumukh K Aithal et al. Understanding hallucinations
in diffusion models through mode interpolation.

(https://proceedings.neurips.cc/paper_files/paper/2024/file/f29369d192b13184b65c6d25154
74d78-Paper-Conference.pdf.)
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MHTENNEKTA U LMDPOBLIX HAYK

[MnaHnpyembin pesynbrat

* OUEHUTb KYBEPEHHOCTb» B KOPPEKTHOM reHepaLum
* HayuyuTbCa CYUTATb MHTEPNPETUPYEMYIO METPUKY

* [lenatb 370 ObICTPO
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CywecTtBytowme metoapl: MHTEepnonsaumsa
moa

Training Generated Real data has various Diffusion models interpolate
Samples Samples non-overlapping ‘modes’ b/w neighboring modes

Diffusion
Model

2
Data Values

Hallucination in o Cause: Mode
Diffusion Models Interpolation

Understanding Hallucinations in Diffusion Models through Mode Interpolation,
https://proceedings.neurips.cc/paper files/paper/2024/file/f29369d192b13184b65c6d251
5474d78-Paper-Conference.pdf
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CyuwiecTtBytowine metoabl: JIokanbHas
anpdpysuns

=
g
R
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Tackling Structural Hallucination in Image Translation with Local Diffusion (ECCV'24 Oral),
https://arxiv.org/abs/2308.11223
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CywecTtsyrowme metoabl: QA—AreHT

Generation

“A white pencil is next to a book with a blue —_—
cover, which is on top of a yellow box." Diffusion Model(T21)

Stablediffusion(vi-4, v2, xl)

Q1 What s the color of the
Q2 Whatis the shape of the

Q3 Whatis the texture of the
Drt:’;z" —p Book Q4 What is the relationship

betweenAand B
T ——p——.. ROI
Using GroundedSAM to do
open word detection

)\

Pencil

.

Calculate the position to convert to spatial-
relation such as: left, right, above, under, etc.

Graph QA
(<)

“A white pendlis next to
«— LLM question = <— abookwithablue cover,
% neration whichisontopofa
Test Questions: ) ge yellow box.”
*  Whatis the color of penal?
*  Whatisthe relation

between bookand box?

. /—> GraphQA Answer C]

Pencil_0

Evaluating Hallucination in Text-to-Image Diffusion Models with Scene-Graph based Question-
Answering Agent, https://arxiv.org/pdf/2412.05722
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MeTozbl OLEHKM OLIMOOK reHepaLmm
andPy3MoHHbIX moaenen

Chaotic intensity pulsations of a laser
T T T
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Characterization of Time Series via Renyi Complexity-Entropy Curves,
https://ideas.repec.org/a/eee/phsmap/v498y2018icp74-85.html
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Haw Bbibop: Complexity-Entropy (CE)

Permutation Entropy h — mepa becnopsazaka 1 d!
S (87
Jensen-Shannon Complexity C — cTpyKTypHas Ho(P) = Lo @ log[zpi ]’
i=1
DJS,a(P7 Pu)] Ha(P)

CNOXHOCTb

max

Touka (h, C) —> oTtobpakaetca Ha CE-nnockocTn [ max ’
(8

EbICTpO, JIMHENHO No ANnNHe CUTrHasla .
KaK cumMTaem aHTpONuMIo U Komnaekumto (Ha popmynax):

, . 1. CurHan —> ynopsago4veHHble OTPe3KM ANWHbI d, war T
Reényi CE —> KpuBble BMecTO TouYek 2. YacTtoTbl nepectaHoBOK —> h

3. CpaBHMBaem c paBHOMepHbIM pacnpeaeneHnem —> C
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Causality and the Entropy-Complexity Plane:
Robustness and Missing Ordinal Patterns
https://arxiv.org/pdf/1105.4550
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IELE

Jtan I
* CobpaTtb pa3sHble Npumepbl paagoB
* [locuynTaTb XapaKTEPUCTUKY
* Ob6y4yunTb KNnactepmsaumio
Jtan ll:
Hantn nsobparkeHuns
MpnaymaTtb MeTpuKy

Caenatb CBEPTKY

KnaccnomnumpoBaTb n3obparkeHus
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https://cocodataset.org/ https://stablediffusion.fr/gallery/seascape https://huggingface.co/datasets/nlphuji/whoops
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ll. CBepTKM

kernel size stride padding out channels  Score

0.0046
—0.0011

—0.0022

2
1
4 —0.0013
2
2 —0.0057
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7.5 Clustering Methods Compared
e KMeans (k = 5, n;,;; = 10);
* DBSCAN (¢ = 0.02, min_samples = 2);
» Agglomerative (Ward linkage, k = 5).

Method Silhouette score Comment

KMeans 0.714 highest within-cluster cohesion
Agglomerative (Ward) 0.707 comparable to KMeans
DBSCAN 0.367 density-based, no k required

Table 1: Mean silhouette scores in the 2-D Rényi CE space.
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Object and subject matter of the research

Object of the Research:

e Diffusion Models and Their Outputs: The research
examines diffusion probabilistic models, specifically
focusing on the outputs they generate.

Subject Matter of the Research:

e Hallucination Phenomena: It investigates the occurrence
of hallucinations —i.e., inaccuracies or deviations in the
generated outputs.

Evaluation Methods: It develops and evaluates detection
and classification methods to assess these
hallucinations, particularly in novel data generation
scenarios.
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Primary Studies and Their Methods

Understanding Hallucinations in Diffusion Models through Mode Interpolation

Method: Navigates the latent space by interpolating between modes. This helps pinpoint regions where generated outputs deviate—i.e.,
hallucinate—from expected patterns.

Key Idea: The smooth transitions between latent modes expose inconsistencies and non-realistic outputs.

Evaluating Hallucination in Text-to-Image Diffusion Models with Scene-Graph based Question-Answering Agent

Method: Employs a scene-graph based QA agent to interrogate generated images. By asking structural and semantic questions, the method assesses
whether the content accurately reflects the input text, flagging hallucinated details.

Key Idea: Structured querying helps quantify the degree of coherence between the textual prompt and the visual output.

Tackling Structural Hallucination in Image Translation with Local Diffusion (ECCV'24 Oral)

Method: Focuses on ensuring local consistency in image translation. Local diffusion processes are analyzed to guarantee that spatial features and
structures adhere to realistic transformations, thereby reducing structural hallucinations.

Key Idea: Concentrating on localized features maintains structural integrity even when the global output might be complex.

Characterizing Time Series via Complexity-Entropy Curves (and Related Works such as Characterization of Time Series via Renyi Complexity-
Entropy Curves & Entropy Test for Complexity in Chaotic Time Series)

Method: These studies apply complexity-entropy measures (including Renyi entropy) to time series data. By plotting these curves, the methods
distinguish between randomness (entropy) and structural complexity, providing a framework to detect anomalies or chaotic behavior.

Key Idea: Mapping time series onto a complexity-entropy plane offers insights into the balance between deterministic dynamics and randomness.
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Methodological Workflow

1. Data Extraction:
Transform the diffusion model outputs into 1D time series data.
Metric Computation:
Calculate entropy and complexity for each time series.
Complexity-Entropy Analysis:
Generate curves to visualize the interplay between randomness and structural complexity.
Clustering:

Apply clustering techniques to categorize the outputs based on their complexity-entropy characteristics, isolating potential hallucination
clusters.

Evaluation:

Assess the clusters to determine the quality and authenticity of the diffusion model outputs, thereby detecting and classifying hallucinations.
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Entropy and Complexity calculation

Entropy Calculation:

e Shannon Entropy:
Compute H ==5i pi In pi&
where p; is the probability of the i-th ordinal pattern.

Rényi Entropy:

For parameter a (a # 1), calculate

FIHa = 1/(1-a) In(3i) pi®)E

as detailed in “Characterization of Timeseries via Renyi Complexity-Entropy Curves.”

Complexity Measure:

e Use a disequilibrium or divergence metric (e.g., Jensen—Shannon divergence) between the observed distribution and
the uniform distribution.

Combine this with the normalized entropy to compute complexity (e.g., LMC complexity), often expressed as:
BIC=Q - H_norm[
where Q represents the degree of deviation (or disequilibrium) from uniformity.

This approach is outlined in “Characterizing Time Series via Complexity-Entropy Curves” and “Entropy test for
complexity in chaotic time series.”
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Entropy and Complexity calculation

d!
]' (84
Ho(P) = - log}_p?|,
1=1

max

DJS,a(Pa Pu)] Ha(P)
JS,a

max ’
Ha

Co(P) = [




