Detecting Knowledge Boundary of Vision Large Language
Models by Sampling-Based Inference
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Aim to identify the VLM
knowledge boundary.
Method with two variants that Code 1
fine-tune a VLM on an AR
automatically constructed
dataset for boundary
identification.

Experiments validate the
potential VQA performance
iImprovements using RAG.
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Sample a VLM and collect its output

Train a VLM to predict the label

Evaluate the correctness by a text LLM

At inference time, we can selectively
use RAG conditioned on the prediction
thus obtain higher efficiency.

(Soft version: by setting a threshold)

Label the query with “Using RAG q0or
not with two variants

1. a soft score showing tendency

2. a hard True/False label
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Experiments -Main Result

Experiment Setup

; [

. . [ : No All  Prompt- [

I | Model to be sampled (30 times) and fine- 1 Dataset i e e e D R PO ]
[

I tuned: Qwen-VL-7B-Chat. : | Lifevoa LM 3000 4070 3389 1275% 4064 9664% 3678 61.74% | 3933  71.14% :

I : First, evaluate the Qrigina| model’s : i Acc. 17.80 36.11 21.38 12.75% 36.11 96.64% 29.44 61.74% | 33.36 71.14% :

| performance that are sampled. | - private voa UM 2290 2435 2495 1480% 2450 9920% 2289 67.80% | 2420 72.00% |

. . .. | Acc. 1626 1840 1726 14.80% 1840 99.20% 17.35 67.80% | 18.55 72.00%
I | Second, validate whether the identified Iy i i 0 : : :
. l LLM 19.16 3895 1970 638% 37.94 95.66% 36.53 84.26% | 28.89  46.95%

I [ ; I

| knowledgebbour;daryfcan f;:nCt'On ds d | | Dyn-VQACh  jce. 2341 4306 2437  638% 4271 9566% 4097 8426% | 33.13 4695% |

[

| Surrogate boundary for other VLMs B Dyn-VOAen LLM 2160 3493 2351 1413% 3330 8979% 3206 76.08% | 2573 2951% |

I Training and test data are completely non- | i y Acc. 2564 4187 27.58  14.13% 40.66 89.79% 3851 76.08% | 3083 2951% |

| overlapping. Five test datasets are diverse. | | P LLM 5013 3037 5013  000% 4250 3840% 50.13 0.00% | 50.13 0.00%

I | I | . Acc. 4050 3072 4050  0.00% 3695 38.40% 40.50 0.00% | 40.50  0.00% |

I Source # Samples Model Avg. Score + std. i I
[

[ [ LLM 5448 5204 5532 31.36% 5295 3537% 5427 296% | 5453 0.52% |
LS QW 1:82=1.17 I

I | IofoSeck  MOO® s lsekuas ;?:‘33 RAE.ES“‘ : i VisualTW acc. 4434 4494 4418  3136% 4432 3537% 4468 296% | 4434  0.52% :

[ ] QW 3.70+ 1.48 1c 18 i

O PP DS 490 TpievoA  Medium B} are LLM 3444 3860 3498 12.67% 39.59 76.83% 39.93 49.33% | 3829 3833% |

I D voaao om0 QY 42w o gn ) Acc. 2613 3239 2723 1267% 3273 7683% 3098 4933% | 3102 3833% |
50+ 1. |

I MMBench W 3.924 1. NoCaps Low [ : [

L en) 4529 BS Losiies — S | I % shows the portion of each dataset that adopts RAG. (No RAG=0%; All RAG=100%) |

I e R » : i_ldeally, we want to maximize performance and minimize RAG%. Jl

Knowledge Boundary as a Surrogate Case Study

[ Metric: No All  Prom 11 [
: pt- o
%o HKB Yo SKB Yo Human Yo : i PR RN
: M RAG RAG  based : : Question: Can you add a caption to the E " AR Y :
i Ds-VL-Chat 2554 47.38 27.68 1275% 4691 96.64% 4121 61.74% | 4161 71.14% | | Question: How many World Series titles image using a phrase? For example: A S8 '
I Life VOA Qwen-VL-Max 4326 5638 4597  1275% 56.85 96.64% 53.86 61.74% | 5523 71.14% | I has the team won? little girl in a white jacket and sandals. @& < .
Qwen-VL-2 4255 5443 4628 1275% 5403 96.64% 5228 61.74% | 53.96 71.14% -
I 11 Prediction w/o retrieval: A bl lied I
I GPT-40 4752 5547 4826 1275% 5614 96.64% 54.83 61.74% | 5490 TL14% |y bre ﬁ “’“(W s ret)"e" ue jay PerC ed on a tree i
.. 4% . rancn. — (COoIrrec
I Ds.-VL-Chat ~ 23.01 27.06 23.89 14.80% 2694 99.20% 26.19 67.80% | 25.83 72.00% 1 1 Prediction w/o retrieval: The Houston Astros have won Predicti j i T d-white bivd hod 0
Fen | . R ; rediction w/ retrieval: ue and white bird perche
| privatevga QWen-VL-Max 3520 4190 3830  1480% 4168 9920% 4045 67.80% | 4318  72.00% I 1 one World Series title, in 2017. — (incorrect) AR 0 (S - NoC |
I Qwen-VL-2 3516 3802 3657 14.80% 37.84 99.20% 3585 67.80% | 3825 72.00% 1 1 Prediction w/ retrieval: The Houston Astros have won on a tree branch. — (correct) (Source: NoCaps) I
I : GPT-40 39.70 3821  40.06 14.80% 37.85 99.20% 38.83 67.80% | 4021  72.00% : : two World Series titles. — (correct) (Source: Dyn-VOA | :
Ds-VL-Chat  21.62 44.10 2298  638% 4292 95.66% 4099 84.26% | 3424 46.95%
en)) |
: Dyn-VQA ch QPen-VL-Max 3207 5124 3423 638% 5086 09566% 4824 8426% | 4333  46.95% : : ( S Question: How is the boat staying [ 4 :
Qwen-VL-2 3278 50.74 34.02  6.38% 5048 95.66% 48.19 84.26% | 43.05 46.95% i . N 4 .
[ GPT-40 4191 5631 4253  638% 5631 95.66% 5449 8426% | 4895 4695% 1 1 Question: Who is the current Prime ashore? z 1
0 I | Minister of this country? — ~g I
i Ds-VL-Chat 2558 3810 27.19 14.13% 3686 89.79% 3632 76.08% | 2944 2951% | | A ‘\  EERaTe |
I Dyn-VOA en Qwen-VL-Max 37.19 4398 3832 14.13% 43.09 89.79% 4278 76.08% | 39.48 29.51% | 1 Prediction w/o retrieval: The current Prime Minister of Pr.edlc.tlon w/o retrieval: Th.e boat is staying ashore by i
i Qwen-VL-2  37.12 4420 3717  1413% 4247 89.79% 4232 76.08% | 40.07 2951% | 1 the United Kingdom is Rishi Sunak. — (incorrect) being tied to a wooden post with a yellow rope. Tpe rope |
I GPT-40 4541 5093 45.24 14.13% 4988 8979% 48.75 7608% 47.14 2951% I I PrediCtion w/ retrieval: The Current ane Minister Of 1S Wrapped a.r().und the Post and Secured, preventlng the I
I Ds.-VL-Chat ~ 63.67 59.81  63.67  0.00% 6123 3840% 6367 000% | 63.67 000% 0 I the United Kingdom is Keir Starmer. — (correct) (Source: boat fmfn drifting l3ack into the water. — (correct) [
I NoCaps Qwen-VL-Max 62.10 49.66 62.10  0.00% 57.09 3840% 62.10 0.00% | 62.10 0.00% | I Dyn-VOA (en)) Prediction w/ retrieval: It is tied to a tree with rope. — |
I Qwen-VL-2 6210 4993 6210 0.00% 5693 3840% 62.10 0.00% | 6210 000% | | (correct) (Source: Visual7W) [
[ GPT-40 6143 6398 6143  0.00% 62.12 3840% 6143 0.00% | 6143 0.00% | | I
: Ds.-VL-Chat 5834 5729 5726 31.36% 57.85 3537% 58.13 296% | 5828  0.52% : : . . :
Viewalywy  Q¥en-VL-Max 5837 5551 6211  3136% S57.10 3537% 5825 296% | 5830  0.52% ; Cases where mode| predlcts to Cases where the model| pFEdICtS :
[ Qwen-VL-2 5816 5441 6219 3136% 56.66 3537% 5785 296% | 58.02  0.52% ; [ ;
I : GPT-40 5296 47.06 51.82 3136% 5087 3537% 5289 2.96% | 52.87  0.52% ; : be out of the knowledge to be in the knowledge boundary :
I Ds-VL-Chat 3496 45.18 3571 12.67% 45.08 76.83% 4335 49.33% | 4220 3833% | | . i
e Qwen-VL-Max 46.54 4926 4730 12.67% 50.64 76.83% 51.06 49.33% | 52.05 38.33% | | bOundary. - We can save the time spent on I
i Qwen-VL-2 4636 4789 4746 12.67% 4931 76.83% 49.29 4933% | 5141 3833% | g hel h RAG i
I GPT-40 5144 5290 5057 12.67% 5410 76.83% 52.97 49.33% | 5527 3833% |y RAG helps correct the answer. : I



