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What I1s "Gooq"?

. So far, we've covered everything for training an LLM
. Architecture, training, systems, scaling, etc

. Missing plece: what data do you train on?
Data shapes model behavior (code? multilingual? DNA?)

. Before talking about data,
. We need to think about what behavior we want from a model!

. Evaluation: given a model, how "good" Is It?
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https://artificialanalysis.ai/

Maybe a model is good if it does well on benchmarks

What I1s "Gooq"?
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28 of 513 models

Artificial Analysis Intelligence Index

Artificial Analysis Intelligence Index v4.0 incorporates 10 evaluations: GDPval-AA,
”-Bench Telecom, Terminal-Bench Hard, SciCode, AA-LCR, AA-Omniscience,

IFBench, Humanity's Last Exam, GPQA Diamond, CritPt

+ Add model from specific provider
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https:/artificialanalysis.ai/

What I1s "Gooq"?

Maybe a model is good if it does well on benchmarks

Artificial Analysis Intelligence Index by Open Weights / Proprietary 28 of 513 models i
Artificial Analysis Intelligence Index v4.0 incorporates 10 evaluations: GDPval-AA, - .
?-Bench Telecom, Terminal-Bench Hard, SciCode, AA-LCR, AA-Omniscience, + Add model from specific provider

IFBench, Humanity's Last Exam, GPQA Diamond, CritPt

®

® Proprietary ® Open Weights ® Open Weights (Commercial Use Restricted)
Z: Artificial Analysis

l(jeneratjve Computing Lab ECE7115 Multimodal VLM (Spring 2026)
Nnha University




https:/artificialanalysis.ai/
Wh at |S ”G OOd ”? Maybe a model is good if it does well on benchmarks

and is cheap to run

Most attractive quadrant
0 Alibaba Amazon [ Anthropic [ DeepSeek M Google B Kimi @ MiniMax & Mistral [ NVIDIA @ OpenAl @ xAl £ Xiaomi
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25 - ‘gpt-oss-ZOB (high)@
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20 - ! | ! ! ! ! ! ! !
32 64 128 256 512 1.02k 2.05k 4.10k 8.19k

Cost to Run Intelligence Index (USD, Log Scale)
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https://arena.ai/leaderboard

What I1s "Gooq"?

Maybe a model is good If people prefer its responses

(® 18 hours ago (® 18 hours ago

Score |/ Score
claude-opus-4-7-thinking 1503 claude-opus-4-7-thinking 1570
claude-opus-4-6-thinking 1502 claude-opus-4-7 1560
claude-opus-4-6 1498 claude-opus-4-6-thinking 1549
gemini-3.1-pro-preview 1492 claude-opus-4-6 1544
claude-opus-4-7 1491 glm-5.1 1531
muse-spark 1490 claude-sonnet-4-6 1524
{5 gemini-3-pro 1486 kimi-k2.6 152
@ gpt-5.5-high 1484 muse-spark 1509
)ﬂ grok-4.20-betal 1480 gpt-5.5-high (codex-harnes.. 1491

@@ gpt-5.2-chat-latest-202602.. 1477 claude-opus-4-5-20251101-+t.. 1490

View all View all
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https://openrouter.ai/rankings?view=month

P | 1
Wh at |S GOOd 7 Maybe a model is good if people simply choose to use
(and pay for) it

,
'I.‘
.

O Xi

Generative Computing Lab ECE7115 Multimodal VLM (Spring 2026)

Inha University



What I1s "Gooq"?

. BEvaluation might appear to be a mechanical process:

. 1. Define some evaluation prompts
. 2.5end prompts to a model and get back responses

. 3. Compute accuracy

. WhiICh shapes the developme

. Core challenge: abstract const

NT O

. But actually, evaluation is a deep and important topic...

A\

FUcC

t - concrete metric
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| Ikellhood

. Recall that LM Is a probability distribution p(x) over sequences of tokens

. Log-likelihood LL(Xiest) = Z log P(X

X Extest

. Per-word log-likelihood W LL(Xiest) =
- Normalize LL wrt sentence length ZXé?ftest

. e.qg.If the model shows WLL=-4,
It produces exact output at exp(-4) = 1.83%

Z log P(X

XEXtest

Generative Computing Lab ECE7115 Multimodal VLM (Spring 2026)

Inha University



| ikelihood |Eitte) = > logP(X

X EXiest

. Example: given (a, b, ¢) the probs. of next tokens are:

Model A Model B
a 0.01 0.24
b 0.04 0.25
c 0.05 0.25
d 0.90 0.26

. |T we calculate probs. of sentence "abcd" Iin the test dataset:
L(a,b,c,d) = P(alstart) P(bla)P(cla,b)P(d|a,b,c)
. For P(d|a,b,c), the probs. of Model A 1s 0.90, while Model B is 0.26
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Perplexity |PPL(Xiew) = e™WEL Kest)

. The inverse of the avg. probability of predicting the next word correctly
. |t Indicates how uncertain the model is
. e.qg. It WLL=-4, PPL is exp(4) = 54
't means that the accuracy in predicting next token is same as
selecting one token out of around 54 candidates

When a dog sees a squirrel it will usually ___

Token: ' be' - Probabillity: 0.0352 — PPL=28.4
Token: ' jump’ - Probability: 0.0338 — PPL=29.6
Token: " start’ - Probabillity: 0.0289 — PPL= 34.6
Token: ' run' - Probability: 0.0277 — PPL= 36.1
Token: " try' - Probabillity: 0.0219 — PPL=45.7
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Perplexity

. Pretraining = minimize perplexity on the training set
nen, the natural evaluation is test-set perplexity
Lower Is better (the model predicts the data well)

. Standard (and traditional) datasets
. Penn Treepbank (WSJ)

. WikiText-103 (Wikipedia)

. One Billion Word Benchmark

. Classic paradigm was in-distripbution evaluation
. Train on train split and evaluate on test split of some dataset
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Perplexity

. GPT-2 I1s trained on WebText (400GB, websites linked from Reddit)
. They did zero-shot (OOD) evaluation against standard datasets

Language Models are Unsupervised Multitask Learners

LAMBADA LAMBADA CBT-CN CBT-NE WikiText2 PTB

enwik8 text8 WikiText103 IBW

(PPL) (ACC) (ACC) (ACC) (PPL) (PPL) (BPB)  (BPC) (PPL) (PPL)
SOTA 99.8 59.23 85.7 82.3 39.14 46.54 0.99 1.08 18.3 21.8
117M 35.13 45.99 87.65 83.4 29.41 65.85 1.16 1.17 37.50 75.20
345M 15.60 55.48 92.35 87.1 22.76 47.33 1.01 1.06 26.37 55.72
762M 10.87 60.12 93.45 88.0 19.93 40.31 0.97 1.02 22.05 44.575
1542M 8.63 63.24 93.30 89.05 18.34 35.76 0.93 0.98 17.48 42.16

. Works better on small datasets (P1B) but not larger datasets (1IBW)

. After GPT-2/GPT-3, LLLM evaluation shifts toward
downstream task accuracy

Generative Computing Lab
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Perplexity

. But why we still use perplexity?

Provides a smoother curve » sultapble for fitting scaling laws
t's an universal metric: it's what the model trained on

. Another view Is perplexity maximalist view

. Assume that tis a true distribution and p is a model distribution

. Optimal perplexity H®¥) reached whe

m

. We can solve any task with a model t
N this view, decreasing perplexity is a path toward AGI... &
BuUt very inefficient since the model also should learn unimportant

narts of the distribution

p=t

(S

Nnat have H(¢)
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Exam Benchmarks

. Exams are a useful way to test language models (as with humans)
ave control over the subject and difficulty
Design to have unampiguous correct answer, easy to grade

MMLL
. MMLU-Pro
. GPQA
|_| [
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M M |_U ‘Hendrycks+ 2020)]

. MMLU (Massive Multitask Language Understanding)
. 57 subjects (mathematics, US history, law, ethics, etc.)
. 4-choice multiple choice

. "Collected by graduate and undergraduate students
from freely available sources online"

-valuated with few-shot prompting in GPT-3
. |n effect a knowledge test (not a language understanding test)
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Interactive timeline showing model performance evolution on MMLU
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M M |_U ‘Hendrycks+ 2020)]

E One of the reasons that the government discourages and regulates monopolies is that
S (A) producer surplus is lost and consumer surplus 1s gained. ) 4
S (B) monopoly prices ensure productive efficiency but cost society allocative efficiency. ) ¢
g (C) monopoly firms do not engage in significant research and development. ) ¢
-é-’ (D) consumer surplus is lost with higher prices and lower levels of output. v
Figure 3: Examples from the Microeconomics task.
When you drop a ball from rest it accelerates downward at 9.8 m/s?. If you instead throw it
'§ ,, downward assuming no air resistance its acceleration immediately after leaving your hand 1s
% = (A) 9.8 m/s? v
= 2" (B) more than 9.8 m/s? X
& " (C) less than 9.8 m/s? )¢
(D) Cannot say unless the speed of throw is given. ) ¢
% In the complex z-plane, the set of points satisfying the equation z> = |z* is a
2 - (A) pair of points ) ¢
= § (®)circle X
O ¥ (C) half-line ) 4
> (D) line v

Figure 4: Examples from the Conceptual Physics and College Mathematics STEM tasks.
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MMLU-Pro [wang+2024]

. An Improved version of MM LU

. Changes

Remove noisy / trivial questions

. 4 - 10 answer choices (harder discrimination)
. Chain-of-thought evaluation (favors models)

. Result: accuracy drops 16-33%
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https:/lim-stats.com/benchmarks/mmlu-pro
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MMLU-Pro [wang+2024]

Question ID: 4138
Category: Chemistry

Question:

The gypsy moth produces a natural attractant, C'18 H34 O3. If a female moth is trapped behind a cellophane screen containing a pinhole and the carbon
dioxide she produces diffuses through the pinhole at the rate of 1 millimicromole per 90 seconds, what quantity of attractant will diffuse through the orifice
in the same amount of time (90 seconds)?

Options:

A. 0.25 millimicromoles B. 0.45 millimicromoles C. 0.40 millimicromoles D. 0.48 millimicromoles E. 0.42 millimicromoles

F. 0.30 millimicromoles G. 0.35 millimicromoles H. 0.34 millimicromoles 1. 0.38 millimicromoles J. 0.50 millimicromoles

Answer: |

Model Predict: B

Question ID: 11236
Category: Philosophy

Question:

In Singer’s understanding, the principle of the equality of human beings is
Options:

A. a description of an alleged actual equality among humans.

B. a description of an alleged equality among all living beings.

C. a prescription of how we should treat nonhuman animals.

D. a description of an alleged inequality among all living beings.

E. a prescription of how we should treat humans.

F. a description of an alleged actual inequality among humans.

G. a description of an alleged actual superiority of humans over nonhuman animals.
H. a prescription of how we should treat both human and nonhuman animals equally.
I. a prescription of how we should treat nonhuman animals differently.

J. a prescription of how we should treat the environment.

Answer: E

Model Predict: H

Generative Computing Lab ECE7115 Multimodal VLM (Spring 2026)

Inha University



G PQA [Rein+ 2023]

. GPQA (Graduate-Level Google-
Croot Q&A)

Questions written by ol PhD
contractors from Upwork

. PhD experts achieve 65% acc.

. Non-experts achieve 34% over 30
Minutes with access to Google

Question writing (by question writer) /

Question and choices
Methylcyclopentadiene was allowed to react with methyl isoamyl ketone and
a catalytic amount of pyrrolidine. A bright yellow, cross-conjugated

polyalkenyl hydrocarbon product formed [...] How many chemically distinct
isomers make up the final product (not counting stereocisomers)?

(@ 2 (b) 16 (c) 8 (d) 4

Correct answer (b)

Explanation Methylcyclopentadiene exists as an interconverting mixture
of 3 isomers [...] if there are 4 dienes, and 4 different directions of approach

the dienophile can take to each of them, there are 4*4 = 16 possible products.

Expert validation #2 (by expert validator #2)
Part 1: answer Q (correct answer & explanations not shown)

My answer is (b). Here’s the explanation: [...] v L

Part 2: provide feedback (correct answer & explanations shown)

Post-hoc agreement v: | agree that the correct answer is @
(b), after seeing writer’s explanation.

Feedback / revision: It's difficult and takes a long time [...] 7

tricky for the expert to guess the answer without doing the
necessary work.

Non-expert validation
(by non-expert validators who are experts in other domains;
at least 15 min, avg ~37 min, allowing Google)

Expert validation #1 (by expert validator #1)
Part 1: answer Q (correct answer & explanations not shown)

My answer is (a). Here’s my explanation: [...] X !> '

Part 2: provide feedback on the following dimensions
(correct answer & explanations shown to the validator)

® Post-hoc agreement: Is the ¢ Did you understand Q fully,

answer uncontroversial? now that you see the
¢ |s your background sufficient explanations?
to answer correctly? ¢ Detailed feedback
e Q difficulty ¢ Q & answer choice revisions

Post-hoc agreement : | agree that the correct @
answer is (b), after seeing writer’s explanation.

Feedback / revision: [...] | got confused with the
sentence 'not counting isomers'. The question writer

writes this so that we will not count the intermediate 7
isomers, but | skipped all 4 isomers [...] it is my

personal mistake.

Question revision (by question writer) /

Revised question and choices

Methylcyclopentadiene (which exists as a fluxional mixture of isomers)
was allowed to react with methyl isoamyl ketone and a catalytic amount
of pyrrolidine. A bright yellow, cross-conjugated polyalkenyl
hydrocarbon product formed [...] How many chemically distinct isomers
make up the final product (not counting stereoisomers)?

(@ 2 (b) 16 (c) 8 (d) 4
Correct answer & explanation [Same as before]

Non-expert #1 (c) X
Non-expert #2 (b) v
Non-expert #3 (@ X

Include this Q in the DIAMOND set because
(1) 2 out of 2 expert validators agree*
(2) <1 out of 3 non-expert validators answers correctly
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Progress Over Time

GPQ

. GPQA (Gr

Interactive timeline showing model performance evolution on GPQA

https://IlIm-stats.com/benchmarks/gpga
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Humanity's Last Exam (HLE) [Phan+ 2025

. Multimodal, many subjects, multiple-choice + short-answer
. Awarded $500K prize pool + co-authorship to question creators

. Filtered by frontier LLLMs, multiple stages of review
4
4
+o . - ] ?) 2500
*0 : . LLMC[r)‘lfflic(:ulty :¢ ¢ o Ve HLE Public Set
ec
+ ¢ * ¢ 5 ¢ . @ HLE Private Set
€y Expert Reviews Organizers & *
L:;un ch & Refmements Experts Approval 2
70,000 13,000 6,000
Attempts Submissions Candidates
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0 Classics

Question:

[REG y “ZEE%E f‘ ET-CONIVG E
B%\/\WES' P/\%\YRENVS' N%HONE‘

CATVALLAVINA- AN - XXX

SRS 6O AT W (4T

Here is a representation of a Roman inscription, orginally found on a

tombstone. Provide a translation for the Palmyrene script.
A transliteration of the text is provided: RGYN° BT HRY BR <T° HBL

2 Henry T
izh Merton College, Oxford

Jx Mathematics

Question:
The set of natural transformations between two functors
F,G : C — D can be expressed as the end

Nat(F,G) = /4HomD(F(A),G(A)).

Define set of natural cotransformations from £ to G to be the coend

A
CoNat(F,G)%/ Homp (F(A),G(A)).

Let:

- F = B,(X4)., be the under co-category of the nerve of the
delooping of the symmetric group 2.4 on 4 letters under the unique 0
-simplex x of B,J3/;.

-G =B, (2~)* be the under oo -category nerve of the delooping
of the symmetric group X7 on 7 letters under the unique 0-simplex
of B, .

How many natural cotransformations are there between F' and G?

2 Emily S
zh University of Sao Paulo

<~ Ecology

Question:

Hummingbirds within Apodiformes uniquely have a bilaterally paired
oval bone, a sesamoid embedded in the caudolateral portion of the
expanded, cruciate aponeurosis of insertion of m. depressor
caudae. How many paired tendons are supported by this sesamoid
bone? Answer with a number.

2 Edward V
zh Massachusetts Institute of Technology

<« Computer Science

Question:
Let G be a graph. An edge-indicator of G is a function a:{0, 1} —
V(@) such that{a(0),a(1)} € E(G).

Consider the following Markov Chain M = M (G):
The statespace of M is the set of all edge-indicators of G, and the
transitions are defined as follows:

Assume M; = a.

1. pickb €{0,1}u.a.r.

2. pick v € N(a(1l — b)) u.a.r. (here N(v) denotes the open
neighbourhood of v)

3.seta’(b) =vanda'(1 —b) =a(l —b)

4.Set M., = a'

We call a class of graphs G well-behaved if, for each G € G the
Markov chain M () converges to a unique stationary distribution,
and the unique stationary distribution is the uniform distribution.

Which of the following graph classes is well-behaved?

Answer Choices:

A. The class of all non-bipartite regular graphs

B. The class of all connected cubic graphs

C. The class of all connected graphs

D. The class of all connected non-bipartite graphs
E. The class of all connected bipartite graphs.

2 Marc R
b Queen Mary University of London

E Phan+ 2025]

olce + short-answer

N1Pp to guestion creators

s Of review

*

[ 1 ¢

> YN 2

Q

2,500
HLE Public Set

¢ @ HLE Private Set

L |

Organizers & \ 2
Experts Approval 2

6,000
Candidates
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(0 Classics <~ Ecology

Question:
Hummingbirds within Apodiformes uniquely have a bilaterally paired

Question:

[REG y ‘BEE%E 'f' ET-CONIVG E:
B%\/\WES' P/\%\YRENVS‘ N%HONE‘

oval bone, a sesamoid embedded in the caudolateral portion of the

expanded, cruciate aponeurosis of insertion of m. depressor

E Phan+ 2025]

caudae. How many paired tendons are supported by this sesamoid

CATVALLAVINA- AN - XXX

SRS 6O AT W (4T

Here is a representation of a Roman inscription, orginally found on a

tombstone. Provide a translation for the Palmyrene script.
A transliteration of the text is provided: RGYN° BT HRY BR <T° HBL

2 Henry T
izh Merton College, Oxford

Jx Mathematics

Question:
The set of natural transformations between two functors
F,G : C — D can be expressed as the end

Nat(F,G) = /AHomD(F(A), G(A)).

Define set of natural cotransformations from £ to G to be the coend

A
CoNat(F,G)E/ Homp (F(A),G(A)).

Let:

-F =B, (24)* be the under o0 -category of the nerve of the
delooping of the symmetric group 2.4 on 4 letters under the unique 0
-simplex x of B,J3/;.

-G =B, (2~)* be the under oo -category nerve of the delooping
of the symmetric group X7 on 7 letters under the unique 0-simplex
of B, .

How many natural cotransformations are there between F' and G?

2 Emily S
zh University of Sao Paulo

bone? Answer with a number.

 Edward V
zh Massachusetts Institute of Technology

<« Computer Science

Question:
Let G be a graph. An edge-indic:

V(@) such that{a(0),a(1)} € .

Consider the following Markov C
The statespace of M is the set «
transitions are defined as follows

Accuracy (%)

Assume M; = a.

1. pickb €{0,1}u.a.r.

2. pick v € N(a(l—b))u.a.r (t
neighbourhood of v)
3.seta’(b) =vanda'(1—-0) =
4.Set M., = a'

We call a class of graphs G well-
Markov chain M (G) converges
and the unique stationary distribi

Which of the following graph classes is well-behaved?

Answer Choices:

A. The class of all non-bipartite regular graphs

B. The class of all connected cubic graphs
C. The class of all connected graphs
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D. The class of all connected non-bipartite graphs

E. The class of all connected bipartite graphs.

2 Marc R
b Queen Mary University of London
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https:/Ilm-stats.com/benchmarks/humanity's-last-exam

(0 Classics <~ Ecology

Question: Question:

Lliimarmaimahivrda anthin Armadifarmanan tmmimiialir lhavia A hilatavallis mAaiva A

I REG A%\‘%%ﬁ? Progress Over Time
CATVNEJ_S\P‘:VN A. Al\ Interactive timeline showing model performance evolution on Humanity's Last Exam
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Here is a representation of a Roman inscription, «

tombstone. Provide a translation for the Palmyrel
A transliteration of the text is provided: RGYN? B’ Score

2 Henry T 0.7
izh Merton College, Oxford
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Jx Mathematics D
° _— .
Question: - ¢ e g o Benchmarks
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- F = B,(Y4)., be the under co-categor C, $ ® o o Gemini 1.5
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D. The class of all connected non-bipartite graphs
E. The class of all connected bipartite graphs.
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Exam Benchmarks

. Exams are a useful way to test language models (as with humans)
ave control over the subject and difficulty
Design to have unampiguous correct answer, easy to grade

. Summary:

. Trend towards harder questions as models Improve and saturate
existing benchmarks

Multiple-choice format can be as difficult as one wants

Does Not capture real usage
(open-ended, doesn't necessarily exist correct answer)

Generative Computing Lab ECE7115 Multimodal VLM (Spring 2026)
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Chat Benchmarks

. So far, we've pbeen evaluating on well-defined multiple-choice tasks
. Most people don't ask multiple-choice exam guestions to Al

. But there is no GT when evaluating open-ended responses
. How to evaluate and define a "good response"?

. Approaches:
Human pairwise comiparison (Chatbot Arena)
. Automatically verifiable constraints (IFEval)

LLM-as-Judge (Alpacakval, WildBench)
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Chatbot Arena [chiang+2024]

. Data collection

Random person from the Internet types in promipt

. They get response from two random (anonymized) models
. They rate which one Is better

. https://arena.ai

Generative Computing Lab ECE7115 Multimodal VLM (Spring 2026)
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Who is the instructor for the multimodal VLM lecture at Inha University?

OA|AEE A C @© X OAIARHE B C o X
( | I a l bO I Are I I a ( hlan Sources % Sources %
Let me search for more specific information about VLM lectures and | wasn't able to find specific information about a multimodal VLM
. instructors at Inha University. Based on lecture at Inha University from the search results. Could you provide
° D a ta CO ‘ ‘ e Ct | O n my search results, | found that 1 Pilhyeon Lee is an assistant more context, such as:

professor in the Department of Artificial Intelligence at Inha

ies?
University. According to his profile, 12 his research interests include o IS e CUIR ERlsE 6 (RO Sl

¢ I:Q a n d O m p e rSO n frO m t h e ‘ n computer vision, video understanding, multimodal learning, and * The department or school it belongs to (e.g., Electrical

weakly-supervised learning. Engineering, Computer Science)?

¢ T h ey g et reS p O n Se frO m tWO The Multimodal Al Lab at Inha University, where researchers can © Whetherits an onfine orin-person course?
. They rate which one Is pbette

. _ e Any link or platform where you encountered it (e.g., YouTube, a
be contacted at pilhyeon [dot] lee [at] inha [dot] ac [dot] kr, focuses ,
. , _ . . course website)?
primarily on understanding and how to interactively fuse multimodal
information from diverse sources such as images, videos, text, audio, This will help me find the exact instructor you're looking for!

and etc.

Given Professor Pilhyeon Lee's expertise in multimodal learning and

. https://arena.ai e e ClAUdE-sONNEt-4-6-search

lecture at Inha University. His research areas align perfectly with VLM

topics, which involve combining visual and language modalities.

claude-opus-4-1-search

< A7t E5LICE 2 =t EgLC © = Ct LHSLC B7t & E5LICH >
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Text Arena Y Overall

View overall rankings across various Al models in text-to-text tasks across math, coding, creative
writing, and other open-ended domains.

(5 May 7,2026 6,110,156 votes B 357 models

Chatbot Arena [chiang+2024]

. Compute ELO rankings based on pairwise
comiparisons Crusie ops 5. hinkin

. Define model: p(Awins against B) =1/ (1 +

Anthropic - Proprietary

10A((ELO_B - ELO_A)/400))

Google - Proprietary

. Fit this model to maximize propability of

Anthropic - Proprietary

pDalrwise comparisons

= Hide Filters ‘= Rank by Models Labs Q (1T

Rank Rank Spread ( Model Score |/

claude-opus-4-7-thinking
Anthropic - Proprietary

1503 =6

Meta - Proprietary

gemini-3-pro
Google - Proprietary

@@ gpt-5.5-high
OpenAl - Proprietary

4 grok-4.20-betal
X xAl - Proprietary

@@ gpt-5.2-chat-latest-202602..
OpenAl - Proprietary

@@ gpt-5.4-high
OpenAl - Proprietary

4 grok-4.20-beta-0309-reason..
X xAl - Proprietary

@@ gpt-5.5
OpenAl - Proprietary

Cenerative Computing Lab FCE7115 Multimodal VLM (Spring 2026)
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Chatbot Arena [chiang+2024]

. Properties
Real-world prompts (free for users, incentives to actually use it)

BUt who are these people? biases? spammers?
Binary preference but conflates style and correctness
How does the human even assess correctness?
Prone to sycophancy?

. .= We don't need to feed same prompts to all models
. = Live Inputs and models
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IFEval [zhou+ 2023

IFEval (Instruction-Following Eval)
. Adds synthetic constraints to instructions
e.g. "write under 300 words", "use 5 bullet points”

!

. Automatic verifiable (formal compliance, not semantic guality)

. Advantages: reproducibility, automation
Limits: instructions are relatively simple, constraints are artificial

Prompt with verifiable instructions | Model’s response | Instruction following verification
Write a casual summary of the U.S. |——| **Section 1; ...** —| . 4 With two sections

maternity leave policy with two (Section 1 and Section 2)
sections (Section 1 and Section 2) . 4 With at least 25 sentences

and at least 25 sentences. **Section 2: ... **

Generative Computing Lab
Inha University
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| L M-as-a-Judge

. Alphacakval [Xuechen+ 2023
. Win rate against GPT-4 as judged by GPT-4
Propblem: LLM judges favor longer responses

. WildBench [Lin+ 2024]

. Sourced 1024 examples from 1M human-chatbot conversations
. GPT-4 turbo judges with checklist-lbbased CoTl
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Chat Benchmarks

. Thereisno GT when evaluating open-ended responses
. How to evaluate and define a "good response"?

. SuMmmary:
Palrwise comparisons provide higher signal
Beware of blases (both from humans and LLM judges)

. Checklist/rubric improves reliability
(regardless of human or LLM judge)

Generative Computing Lab ECE7115 Multimodal VLM (Spring 2026)
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Agentic Benchmarks

. Previously: evaluate what LLMs say (chat)
. Now: evaluate what LLMs do (agents)

. Agent = LLM + agent scaffolding (the decision logic for using the LLM)

. Consider tasks that require tool use and iterating over a period of time
. Measures the ability to perform real SE, security, and ML tasks
. Major benchmarks: SWEBench, CyBench, MLEBench
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SWE BeﬂCh Jimenez+ 2023]

. 2294 tasks from 12
. INput: codebase +
. Output: submit a

Generative Computing Lab
Inha University

Python re

ISsUue desc
DR

Nositories

ption

. Evaluation: whether unit test pass

ECE/115 Multimodal VLM (Spring 2026)



C\AIT DA~ i AAA

Model Input Gold Patch

sphinx/ext/napoleon/docstring.py

: 1l . - -
. ¥ Instructions ne def _parse_other_parameters_section(self, section: str) -> List[str]:

You will be provided with a partial code base and an issue return self._format_fields(_('Other Parameters'), self._consume_fields())

statement explaining a problem to resolve. + if self._config.napoleon_use_param:
. _ . _use_ :
Y Issue « 67 lines + #.Allow to declare multiple parame’Fers at once (ex: X, y: 1int)
napoleon_use_param should also affect "other N fields = self._consume_ﬁglds(multlplcf::True)
o " . . + return self._format_docutils_params(fields)
parameters section Subject: napoleon_use_param N else:
. should also affect other parameters section + fields = self._consume_fields()
HH#H# Problem + return self._format_fields(_('Other Parameters'), fields)
Currently, napoleon always renders the Other parameters
section as if napoleon_use_param was False, see source Generated Patch
def _parse_other_parameters_section(self, se... sphinx/ext/napoleon/docstring.py
# type: (unicode) -> FiSt[U”i$0de] def _parse_other_parameters_section(self, section: str) -> List[str]:
return self._format_fields(_(C'Other Para... - return self._format_fields(_('Other Parameters'), self._consume_fields())
I return self._format_docutils_params(self._consume_fields())

def _parse_parameters_section(self, section):
# type: (unicode) -> List[unicode]

Generated Patch Test Results
fields = self._consume_fields()

1f self._config.napoleon_use_param: ... PASSED NumpyDocstringTest (test_yield_types)

PASSED TestNumpyDocstring (test_escape_args_and_kwargs 1)
Y Code « 1431 lines PASSED TestNumpyDocstring (test_escape_args_and_kwargs 2)
, PASSED TestNumpyDocstring (test_escape_args_and_kwargs 3)

> README.rst *132lines PASSED TestNumpyDocstring (test_pep526_annotations)

» sphinx/ext/napoleon/docstring.py - 1295 lines FAILED NumpyDocstringTest (test_parameters_with_class_reference)
- . _ FAILED TestNumpyDocstring (test_token_type_invalid)
> Additional Instructions Al ===== 2 failed, 45 passed, 8 warnings in 5.16s =====

Generative Computing Lab ECE7115 Multimodal VLM (Spring 2026)
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TerminalBench [Merrill+ 2026]

. Computer terminal environments are simple and universal

. 229 tasks crowdsourced from 93 contributors - filtering to 89 tasks
. INnput: an instruction and a dockerfile (Docker container)

. Output: container state (after doing some exeuction)

—valuation: whether container state pass the test

] N ~ N N
$ Task Architecture 225 Docker Container
Given to agent
(e ] (= [ (i Agent Execution J - [ ¢ Test Execution & Results ]
d@ Docker container (from Dockerfile)

Instruction (from task.yaml
& ( yaml) = .

Re-implement the COBOL program
located in /app/src/

s data/

: ACCOUNTS.DAT BOOKS.DAT TRANSACTIONS.DAT
program.cbhl, in Python. Your

script must produce identical
results to the COBOL baseline.

PASSED © test_required_files_exist

t3 sed -n '1,60p' data/ACCOUNTS.DAT FAILED ® test_data_files_exist - File
UB01John Doe  0000001180UB02Jane Smith Sl Eounde RankelnaT

) . FAILED test_program_output - Account
Other task files (not given) cobc src/program.cbl A ED (R

./program

[ run-tests.sh
£ tests/ 1 passed, 2 failed in 0.07s

[ solution.sh
[) task.yaml (other fields)

- J
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Termin

. Compute
. 229 tasks
- INput: an

. Output: c
. Evaluatior

—

Give
&
Re
lo
pr
sc
re

https:/lim-stats.com/benchmarks/terminal-bench

Progress Over Time

Interactive timeline showing model performance evolution on Terminal-Bench

o ) tasks
. ._T ) .

y [T, e

0.3 ® o O

0.2

0.1

Mar May Jul Sep Nov 2026 Mar

— State-of-the-art frontier ® Open ® Proprietary
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CyBench [zhang+2024]
. 40 CTF (Capture-the-Flag) cybersecurity tasks o

Solved
Task Description Agent Response (R) Environment (§5)
...capture the flag ? Memory (M) (A) Claude Mythos Preview © 100%
on otp:80 and here + I @ Kali-Linux-Large
are initial files... %@3 curl nttp://otp:sy T T S o Claude Opus 4.7 8 96%
- , Local Files \
' Bash : |
Subtask Questions \n\ : | Dockerfile : Claude Opus 4.6 5 939%,
Which file contains (0) ' |__index.php :
I - 3 0
account credentials? Task Answer . <form><input - | :_logln.php ': Claude Opus 4.5 82%
hkcert22 {mistakes- name="username"><inp e R4
Which file contains of f-the-page} ut Muse Spark 7 65.4%
OTP b name="password"></fo
ypass > Network
i e
vulnerabllity: Subtask Answers Connection Claude Sonnet 4.5 3 60%
login.php Task Server:otp:8C Grok 4 4 43%,

php:apache-bullseye
google2fa.php P bbbt . Claude Opus 4.1 3 42%
Remote Files

What is the flag?

I .
. | |__Dockerfile 5 Grok 4.1 Thinking 4 39%
| | __ src !
hkcert22{mistakes- : |__index.php '
off—the—page} : I_login.php E CIaUde Opus 4 2 380/0
\ | ... L
TTm oo s oo o ssmmmmo—oo oo i Claude Sonnet 4 2 35%
Grok 4 Fast 4 30%

Evaluator
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MLEBench [chan+2024]

. /5 Kaggle competitions
he full pipeline: model training, data processing, submission

P W W W W W W W W— W— W— W—ww— ww—

Agent
Competition
Dataset @ .
_ train.csv test.csv | g hinking
Descrlptlon sample_submission.csv :
Train model Test model

Train a model to
achieve the highest
accuracy....

Y

Leaderboard @ 2

MLE-Bench

\ 4
3 +— Grader

Score

63.4%

I
I
I
I
|
|
I
Debug Create submission |
|
|
|
I
I
I
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Agentic Benchmarks
. Agent = LLM + agent scaffolding (the decision logic for using the LLM)

- Summary
. Agents dramatically enhance the capability surface of LLM
. Agent scaffolds are very important

—valuating agents = evaluating agent scaffold + LLM

Generative Computing Lab ECE7115 Multimodal VLM (Spring 2026)
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(Pure) Reasoning Benchmarks

. Motivation: every task above requires linguistic / world knowledge
. Can we separate reasoning from knowledge?
Reasoning is a purer form of intelligence (not mere memorization)

. ARC-ACI [Chollet+ 2019]
. 100% solvable by humans, but challenging for Al
—ach task Is unigue, so memorization doesn't help

Generative Computing Lab - :
'nha University ECE/TI5 Multimodal VLM (Spring 2026)



(Pure) Reasoning Benchmarks
(https://arcprize.org/arc-agi/2)
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https://arcprize.org/arc-agi/2

(Pure) Reasoning Benchmarks
(https://arcprize.org/arc-agi/2)

® Grok 4 (Refine.)

e
b |
$0.10 $1
COST PER TASK ($)

Cenerative Computing Lab FCE7115 Multimodal VLM (Spring 2026)
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https://arcprize.org/arc-agi/2

(Pure) Reasoning Benchmarks

. ARC-ACI-3 (https://arcprize.org/arc-agi/3) %) (@
With interactive environments

COST ($)
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https://arcprize.org/arc-agi/3

Safety Benchmarks

. What does safety mean for Al?
-valuating whether LLM produces harmtful or dangerous outputs

. Key axes

. Ability to refuse harmful behavior
Regulatory / policy compliance
Resistance to jallbreaking

Generative Computing Lab ECE7115 Multimodal VLM (Spring 2026)
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HarmBench & AlIR-Bench

. HarmBench [Mazeika+ 2024]
Based on 510 harmtful behaviors that violate laws or norms

. AlIR-Bench [Zeng+ 2024
Based on regulatory frameworks and company policies
. Taxonomized into 314 risk categories, 5694 prompts

Generative Computing Lab ECE7115 Multimodal VLM (Spring 2026)
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Benchmark Realism

Benchmark vs. real-world use-cases

Can the benchmarks represent our LLM use-cases?

-xam penchmarks (e.g. G

uncontrolleo

Generative Computing Lab
Inha University

Chatbot arena prompts are from real people, bu

PQA) are far away fromnr

[€a

-World use

CAIS

ribution Is
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GDPVal (OpenAl) Patwardhan+2025]

. 44 occupations from top 9 sectors according to US GDP
. Tasks come from professionals with ~14 years of experience

Manufacturing Engineer: Design 3D Financial and Investment Analyst: Create Registered Nurse: Assess skin lesion
model of cable reel stand for assembly line competitor landscape for last mile delivery images and create consultation report

Prompt + task context: Experienced human deliverable: Prompt + task context: Experienced human deliverable: Prompt + task context: Experienced human deliverable:

—— Ircrore! of praposcs concept — [ l

S T S = ] | S ——

TS E —— “ — e —— N — - S

o foumata o e Assemtied toal Vew R —_ : ‘ ) - _— ] -
~o~i . ! e —y { == .

s RPTp— : ~l® 8N
[ § ' |

Film and Video Editor: Create high-energy Customer Service: Email response to Concierge: Create week-long luxury
intro reel with video and audio dissatisfied customer requesting return Bahamas itinerary for family of four

Prompt + task context: Experienced human deliverable: Prompt + task context: Experienced human deliverable: Prompt + task context: Experienced human deliverable:

Order Clerk: Audit pricing inconsistencies Real Estate Agent: Design sales brochure Recreation worker: Optimize table layout
in purchase orders for new DC property for spring vendor fair

Prompt + task context: Experienced human deliverable: Prompt + task context: Prompt + task context: Experienced human deliverable:

5y - o st 0 s e T e e e S
— : SSEEEE S § o == Y
a3 [ Sty | st e S S e Ty a2 =
=== — =t = = Eoaiey ey gy

z —— e e S FEETENCTET T
f —_— ~ > Rt S ) eyeyen)

= == By gz il = e q S (S = 4
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Clio (ANthropic) [Tamkin+ 2024

. Use language models to analyze real user data

. Share general patterns of what people are asking

Software development questions
Elementary school homework help
Technology troubleshooting

Health and fitness advice

Questions about geopolitics

Parenting and childcare tips

Language learning and translation help
Financial planning and investment
Theological and philosophical questions
Environmental science and sustainability
Book discussions and literary analysis
Sports rules and strategy questions
Cooking and recipe inquiries

Job application questions

Home improvement and DIY projects
Pet care and animal behavior

Romantic relationship advice

Movie and TV show recommendations
Music theory and instrument learning

Tourism and travel questions

Generative Computing Lab

INnha University

Comparison of Ground Truth and Clio Categories (Supervised)

Ground Truth
BN True Positive
I False Positive

500

1000 1500 2000 2500
Count
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Benchmark Validity

How do we know our evaluations are valid?

. Basic ML principle: do not train on the test set

Past: clear train-test split (or even validation set)

. Now: trained on the entire Internet, training data Is private

. Option 1: try to infer contamination from the model itself [Oren+ 2023]

Contamination Test
Canonical Order Shuffled Order

Does a frog jump out of boiling water? Does a frog jump out of boiling water?

Is it possible to create mass from energy? O Is it possible to create mass from energy? Q

Is there a movie with 0 on rotten tomatoes? Q Is the jaguar S type rear wheel drive? Q
Is the jaguar S type rear wheel drive? (9 | Is there a movie with @ on rotten tomatoes? (X
Q high model log-probability Q low model log-probability

Differences in log-probability between orderings reveal contamination.

Generative Computing Lab ECE7115 Multimodal VLM (Spring 2026)
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Benchmark Validity

. Option 2: encourage model providers to report train-test overlap
Zhang+ 2024

. Option 3: use fresh evals
veCodeBench, Uncheatablekval: scrape new webpages

. Option 4: Private evals
. Companies use internal code pases that aren't on the Internet
Use your personal writings

Generative Computing Lab ECE7115 Multimodal VLM (Spring 2026)
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Benchmark Validity

. Option 2: encourage model providers to report train-test overlap
Zhang+ 2024

. Option 3: use fresh evals
veCodeBench, Uncheatablekval: scrape new webpages

. Option 4: Private evals
. Companies use internal code pases that aren't on the Internet
Use your personal writings
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Example

Agentic coding
SWE-bench Pro

Agentic coding
SWE-bench Verified

Agentic terminal
coding
Terminal-Bench 2.0

Multidisciplinary
reasoning
Humanity's Last Exam

Agentic search
BrowseComp

Scaled tool use
MCP-Atlas

Agentic computer
use
OSWorld-Verified

Agentic financial
analysis
Finance Agent v1.1

Cybersecurity
vulnerability
reproduction
CyberGym

Graduate-level
reasoning
GPQA Diamond

Visual reasoning
CharXiv Reasoning

Multilingual Q&A
MMMLU

Generative Computing Lab

INnha University

Opus 4.7

64.3%

87.6%

69.4%

46.9%

no tools

54.7%

with tools

79.3%

77.3%

78.0%

64.4%

73.1%

94.2%

82.1%

no tools

91.0%

with tools

91.5%

Opus 4.6

53.4%

80.8%

65.4%

40.0%

no tools

53.3%

with tools

83.7%

75.8%

72.7%

60.1%

73.8%

91.3%

69.1%

no tools

84.7%

with tools

91.1%
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GPT-5.4

57.7%

75.1%

self-reported harness

42.7%

no tools (Pro)

58.7%

with tools (Pro)

89.3%

Pro

68.1%

75.0%

61.5%

Pro

66.3%

94.4%

Pro

Gemini 3.1 Pro

54.2%

80.6%

68.5%

44.4%

no tools

51.4%

with tools

85.9%

73.9%

59.7%

94.3%

92.6%

Mythos Preview

77.8%

93.9%

82.0%

56.8%

no tools

64.7%

with tools

86.9%

79.6%

83.1%

94.6%

86.1%

no tools

93.2%

with tools



Discussion: The Leaderboard lllusion

. Benchmark saturation?

Benchmarks that were major at the time of the lecture saturateo
apidly over the following year

. GSM8K: 97-99% (eftectively fully saturated, at the level of [abel noise)
. MMLU: all frontier models 88%+, top tier 93%
. MMLU-Pro: reached ~90%

Humankval: effectively saturated on frontier models

. GPQA Diamond: top score 95%+
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Discussion: The Leaderboard lllusion

. Benchmark cheating?

. LLaMA 4
. Meta submitted an Arena-only optimized variant
. Verbose, emoji-laden responses -» priefly placed 2nd

. Thep
. Yann

Uplic version dropped to 32-35

_eCun admitted that the results were "fudged a little bit"

. SWE-Bench contamination
. OpenAl announced that it would stop using it for evaluation
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Image credit: https://sohl-dickstein.github.io/2022/11/06/strong-Goodhart.ntm|

Discussion: The Leaderboard lllusion

. Goodhart's law

Well-aligned phase

Worse

Peace, love, and puppies Yay! The
objective we care about thing | care
\ v about is
\ / improving!
? ., @ >
9 /\ t
Proxy objective we
know how to measure
and optimize
Better

Time
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Image credit: https://sohl-dickstein.githulb.io/2022/11/06/strong-Goodhart.ntml

Discussion: The Leaderboard lllusion

. Goodhart's law

Overfitting / Goodhart’s law

Worse
Peace, love, and puppies
objective we care about Wait. The thing | care about
\ vV stopped improving.
| \~ o ;
Proxy objective we
know how to measure
and optimize
Better

Time
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Image credit: https://sohl-dickstein.github.io/2022/11/06/strong-Goodhart.ntm|

Discussion: The Leaderboard lllusion

. Goodhart's law

Strong version of Goodhart’s law

Worse
Peace, love, and puppies Oh noll The thing |
objective we care about care about is getting
\ 4 much, much worsel!

Loss

Proxy objective we
know how to measure
and optimize

Better

Time

Generative Computing Lab ECE7115 Multimodal VLM (Spring 2026)

Inha University



