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Decomposition of Testing Costs

Once upon a time in a small village, there lived

Prefill Decode

https://blog.exolabs.net/nvidia-dgx-spark/
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Test Adequacy as Distributional Deviation

- Boundary
Learnt by DL
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Adaptive Modelling of Reference Set
Executed/Labelled II.
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Adaptive Modelling of Reference Set

Reference Set

/ High likelihood = Low adequacy

Low likelihood = High adequacy

Gaussian Mixture Model (GMM)
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Referense Set Expansion

Current Reference Set highly uncertain certain

Yet unlabelled

MDSA + Random Sampllng Actual (JSON-FIX) Clotho + Adaptive Sampllng

 Active Learning

» Query Strategy: Z20| F7I=

SEAlflE I O =2 2T
ERE & Us dE U
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Referense Set Expansion

 Exploration (Diversity)
o 7|&9| reference set0f| CHall minimum euclidean distance 7|& 713 H M=
o U Z7I= O 5H| BIMSIE S R

» Exploitation (Entropy)

« GMMZ&| component assignment probability entropy

o 2Xl Mixture Component2| HI2H2|S B2 ZM4 Passing Input Space
= O SustA 22T
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Task ID # Inputs Template Input Aim

ODD-ADD 6,000 P.E. Guide [3] Randomly Sampled Numbers To find sum of only odd numbers

GH-TYPO 10,000  Ours GitHub Typo Corpus [19] To fix typos extracted from GitHub commits
JSON-FIX 6,563  Ours Synthetic JSON + Bugs [10] To repair invalid JSON

MODEL-EX 9,810 P.E. Guide [3] ML-ArXiv [9], Synthetic Abstracts To extract ML model names from paper abstracts
POS-TAG 15,359  PromptPex [45,46] UD_English-EWT [47] To detect Part-of-Speech tags

SPELL-CHK 10,000 Ours WordNet sentences [16] + Misspellings [39]  To fix misspelt words

SYN-BUG 20,518 BICS-Dataset [34] Python Syntactic Bug [34] To find code lines with syntactic bugs
TOPIC-CLS 7,600 PromptPex [46] AG News [56] To classify topics of news articles

e Studied LLMs: Gemma-2 (9B), Llama-3.1 (8B), Mistral (7B)
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Failure Prediction

MDSA + Random Samplmg
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Expansion Strategies

Exploitation (SPELL-CHK) Random (SPELL-CHK)

* Yellow: initial reference set, Blue: expanded samples

« Exploration: O 2 2124 27t 7{8{, Exploitation: A 325t= 224 27t X5
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e ~30% for random selection

e ~73% for MDSA
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80.4%7} 4X|Z failure-inducing

Gemma

CLoTHO MDSA Random

Task ID N J7; o J7; o J7; o
100 | 100.0 0.00 100.0 0.00 40.7 4.06 9
ODD-ADD 300 | 299.5 0.71 300.0 0.00 124.7 9.08 | 28
500 | 455.4 1331 477.3 6.72 200.8 9.27 | 45
100 86.7 5.01 77.5 7.75 34.6 3.86 9
GH-TYPO 300 | 247.6 17.15 246.3 15.37 106.8 5.18 | 27
500 | 402.2 33.27 408.3 2398 179.9 6.06 | 45
100 76.7 7.09 67.5 9.03 16.2 3.77 9
JSON-FIX 300 | 220.7 2433 133.9 7.99 514 5.76 | 2-
500 | 326.3 3950 195.0 13.68 85.9 4.07 | 31
100 45.3 17.64 27.0 2.45 33.9 3.84 6
MODEL-EX 300 | 143.2 41.57 88.0 7.21 101.6 7.18 | 20
500 | 240.0 65.77 1629 13.80 167.1 10.65 | 33
100 76.0 13.60 78.2 1.75 22.3 3.80 ¢
POS-TAG 300 | 199.6 3997 190.2 12.17 59.1 412 | 15
500 | 282.6 53.80 283.4 19.02 99.7 5.76 | 23
100 86.9 2.60 82.0 0.82 12.3 4.32 7
SPELL-CHK 300 | 238.9 6.08 223.0 12.25 37.5 7.14 | 20
500 | 362.2 14.73 331.8 19.56 61.8 7.04 | 31
100 94.4 3.17 96.2 2.86 58.9 4.68 8
SYN-BUG 300 | 285.1 6.67 287.8 7.84 173.0 8.25 | 25
500 | 477.7 8.60 480.5 9.78 286.6 8.66 | 42
100 52.0 1041 59.9 3.51 15.5 3.31 s
TOPIC-CLS 300 | 129.3 22.70 154.0 8.38 50.8 5.73 | 12

500 | 193.6 29.28 217.2 15.52 88.4 11.21




« AHA _?_” I‘|%|'E %7'— |]'| Eéll' o é;l'iégu_l-g

SYN-BUG GH-TYPO ODD-ADD POS-TAG
covered=6645/11938 (55.7%) covered=3237/4286 (75.5%) covered=1314/2062 (63.7%) covered=1943/2728 (71.2%)
LOHS-Var Clotho LOHS-Var
Clotho i Clotho Clotho
470 797 495 584 190 266 377
1991 (3.9%) (6.7%) 401 (11.5%) (13.6%) 459 ©.2%) 73 308 (9.8%) (13.8%)
(16.7%) (9.4%) (22.3%) (3.5%) (11.3%)
679
(5.7%) 1168 (1 g‘gi,) 243 (1 ?.16?’/0)
566 (9.8%) e 583 (11.8%) - » -~
(4.7%) (4?; 30) (13.6%) . (4.5%) (5.3%) (9.6%)
(6.3%)
974
(8.2%) 317 126 268
(7.4%) (6.1%) (9.8%)
Tok-Ent
Tok-Ent Tok-Ent Tok-Ent

« LOHS-Var: ot &i50] Cligt 0121 88 Z1= AO|2] LIF S| =4S

+ Tok-Ent: C|2E IHHo|M 2t E2 2xo| dE21| 7t YR
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Cumulative Failure Rate
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Gemma LLaMA Mistral
Task ID SELF Claude GPT Gemini | SELF Claude GPT Gemini | SELF Claude GPT  Gemini
ODD-ADD 0.444 0.447 0.094 0.064 0.549 0.411 0.439 0.235 0.434 0.231 0.437 0.132
GH-TYPO 0.438 0.383 0373 0.442 0.470 0.380 0.365 0.413 0.197 0.106 0.140 0.125
JSON-FIX 0.394 0.128 0.108 0.111 0.360 0.098 0.167 0.160 0.568 0.203 -0.010 0.006
MODEL-EX 0.386 0.248 0.347 0.402 0.512 0.248 0.341 0.427 0.555 0.288 0.380 0.456
POS-TAG 0.289 0.267 0.272 0.253 0.221 0.210 0.235 0.184 0.138 0.190 0.233 0.173
SPELL-CHK | 0.452 0.465 0.443 0.419 0.374 0.349 0.340 0.321 0.247 0.292 0.263 0.239
SYN-BUG 0.707 0.435 0.543 0.532 0.345 0.190 0.178 0.224 0.396 0.325 0.379 0.349
TOPIC-CLS | 0.252 0.215 0.259 0.229 0.256 0.188 0.201 0.209 0.181 0.139 0.160 0.161
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Clotho: Measuring Task-Specific Pre-Generation Test Adequacy for LLM Inputs
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Testing for Al-based Software: 2030

« Bayesian Optimization (5 F2tst 284y 0f|5)

* Different Failure Modes (Correct/Incorrect = Scores w.r.t. Different
Properties)

 Beyond Single Prompt Template: Agentic Al systems

 Advanced Transformers (or Else?) Architecture (ex. Mixture-of-Experts)
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