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2> Background

€ Challenges in VLM Performance

» Inherent complexity and redundancy in visual inputs significantly constrain VLM capabilities
> High sensitivity to visually salient yet semantically irrelevant elements

€ Multimodal Chain-of-Thought Solution
» Enhances reasoning through prompt engineering

> Leverages different image information at various reasoning stages
» Unassessed regions may introduce irrelevant interference

(a) Question Image Reasoning Processed Image Reasoning Processed Image

In which country and
within which first level
administrative region of
that country was this
picture taken?

This place might be in China
(Beijing Zoo or Shanghai Zoo's
outdoor theater) or Japan (Tokyo),
based on the tall stone walls and
East Asian crowd's style and attire.

Based on the wooden seating and
steps, this venue resembles

- several Japanese outdoor theaters,
though none in Setagaya, Hibiya,
Nara, or Osaka match exactly.

Reasoning Processed Image Reasoning Processed Image Answer

Th t
This could be the Sky Theater © seals are R
semicircular benches, and
at Seoul Grand Park Zoo, there is a pond view under
which features an amphitheate - - p

. X the corridor, which is very
with many trees where pigeon similar to Inokashira Park.
performances are held.

Answer: Tokyo, Japan.

The venue features Parthenon-
style stone walls with trees

‘ behind, semicircular benches, and
a pond, though its Roman
architectural influence is uncertain

Figure 1: An example from the SeekWorld. (a) is the reasoning process of 03, and (b) is the
reasoning process of 03 after human visual cognition. The correct answer is Jiangsu, China.




»®» Motivation

» When humans analyze complex visual scenes, they evaluate which visual areas are most
valuable for future reasoning

(b)  Question Reasoning Processed Image Answer
In V}:hiCh hCOllinfEYy alnd | The image shows a serene natural landscape The image shows a structure Reduce attention to common
within which first leve with lush green foliage and a clear blue sky, resembling Nanjing's Sun .
administrative region of featuring numerous people engaged in activities Yat-sen Mausoleum, with its elements (eg ) CI'OWdS, grldS,
that country was this and historical structures, with an East Asian distinctive architecture. tTEES) ; prl oritize uni que

Answer: Jiangsu, China.

aesthetic that's reminiscent of China or Japan,

historical buildings.

picture taken?

Figure 2: An example from the SeekWorld. (b) is the reasoning process of 03 after human visual
cognition. The correct answer is Jiangsu, China.

€ Two core capabilities of human beings in analyzing complex visual scenes

» Forward-looking: predict the most valuable visual area in future reasoning

» Dynamic visual focus: precisely shift your attention to the areas most relevant to future reasoning




»®» Our work
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Figure 3. The overall approach of CoFFT, where Dual Foresight Decoding and Visual
Focus Adjustment will be introduced in detail later.

Stage 1: Diverse Sample Generation (DSG)
Stage 2: Dual Foresight Decoding (DFD)
Stage 3: Visual Focus Adjustment (VFA)




2> Stage 1: Diverse Sample Generation
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Figure 3. The overall approach of CoFFT, where Dual Foresight Decoding and Visual
Focus Adjustment will be introduced in detail later.

€ The visual language model generates multiple candidate reasoning samples based on the
current reasoning process, visually focused images, and the original problem.

1. Different temperature coefficients are adopted to ensure sample diversity.

2. Each sample can retain a maximum of the specified number of steps in the reasoning process.




22 Stage 2: Dual Foresight Decoding
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Figure 3: The overall approach of CoFFT, where Dual Foresight Decoding and Visual
Focus Adjustment will be introduced in detail later.

€ The candidate samples are evaluated using the visual focus score and the reasoning progress score. The
first step of selecting the best sample is integrated into the next reasoning process for iterative reasoning.

Fix the image and

select the best next
2. Reasoning Progress Score: Quantifies the probability increase across reasoning steps. reasoning step.

1. Visual Focus Score: Measures the correlation between the reasoning process and the image.




2> Stage 3: Visual Focus Adjustment
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Figure 3: The overall approach of CoFFT, where Dual Foresight Decoding and Visual
Focus Adjustment will be introduced in detail later.

€ Use the following scoring mechanism to evaluate the image:

1. The relevance between the image and the problem.
2. The relevance between the image and the future reasoning steps of the best sample.
Fix the reasoning steps
® Slide the crop window, crop and enlarge the area with the highest average  and select the best visual

score as the visually focused image. aggfegatn image.




»® Relative attention mechanism

guestion:

Is the sum of two lowest bar is
greater then the largest bar?

Image: , | '
Deaths from natural disasters as a share of total deaths, 2014 -~ : ‘
m_ Describe the image. 1. Calculate the sum of the
two smallest bars.
- I - AW,D) AV, 0)
Relative attention crop and enlarge
Relative attention calculation formula: Arel(v, Q)

e B A(V,Q)
AT (V,Q) = Softmax (A(V,D) - e)




22 Dual Foresight Decoding
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Figure 4: Dual Foresight Decoding, which evaluates different reasoning samples and selects the
optimal sample based on visual focus and reasoning progression to enhance decision robustness.

Given the candidate sample set S, generated at reasoning step t + 1, a composite score is calculated for each sample
s € S;11 (with a maximum of I steps) :

Erpq = A -Softmax([E t(s)IVs €8,41) + (1 — 1) -Suftmax([Epmb(s)]‘ﬂ’s € S¢+1)
1. The visual focus score E ;;; IS utilized to measure the focus alignment of each sample with the image:
E_ .:(s) = 0.5 cos(A™(V,Q),A™(V,s)) + 0.5 [oU3°% (4™ (V, Q), AT¢ (V, 5))

2. The reasoning progress score E,.,, serves to quantify the degree of improvement in reasoning quality:

1
Ep'rc:-b (5) — 1 }:1(35'1' o pD] R




22 Visual Focus Adjustment

Stage 3: Visual Focus Adjustment

Si ANV, s)
R, }[ Relative Attention J{ ATY(V,R,) E
0 ATV, Q)

Slidin Windows

Figure 5: Visual Focus Adjustment, which adaptively modulates visual attention
toward reasoning-relevant regions to optimize information understanding.

Regarding the relevance between images and problems:

Cc™'(V,Q,R,) = max(A™(V,Q) —a- A" (V,R,),0)
Relevance of future reasoning steps between images and the best samples:
Arel(v, Si)
The final attention map assessment combines the two:
Acrop = 0.5-C™(V,Q,R,) +0.5- A" (V,s;)
Select the best visual area using the dynamic sliding window V; 4 :

B* represents the optimal region
V, represents the initial image

ArgmaXgeqn Z{x,ijB Acrc-p (x, }’); ifﬁB* = Iu’Vg + .B
V,, otherwise

Viel = [




»® Experimental Results

Mathematical and Cross-disciplinary Chart
geometric reasoning visual reasoning understanding
Math Multi-subjects Chart Geography
Models MathVista MathVision | MMStar M3CoT | Charxiv | S.W-China S.W-Global | Avg.
Closed source VLMs . o -

GPT-do 638 18.75 647 6575 | S0 31.90 5650 | 5027 SeekWorld-Global: utilizing panoramic
Claude-3.5 654 26.21 65.1 66.05 60.2 29.22 52.50 52.10 = .
Gemini-2 3.1 3183 69.4 67.73 532 30.83 55.31 54.49 |mageS from Google MapS,

Qwen2.5VL-7B-Instruct SeekWorld-China: integrating data from
Baseline 68.2 18.09 63.9 59.62 42.5 21.45 25.31 42,72 5
MCTS 69.6 18.75 66.2  60.87 445 26.27 26.56 44.68 the Xlaohongshu app.
Pred. Dec. 69.9 19.73 65.7 61.34 453 26.54 26.86 45.05
ICoT 47.5 10.53 42.1 61.17 27.5 29.22 2637 34.91
DvFo 68.4 16.78 6d.5 6l.26 437 32.44 27.81 44958
CoFFT 70.4 2336 69.4 62.47 47.2 3512 2937 48.19

LLaVA-NeXT-7B

Baseline 34.6 9.87 34.2 38.27 13.9 10.72 15.31 2241
MCTS 35.1 10.53 36.7 39.52 [EX 12.33 16.56 2362
Pred. Dec. 348 11.36 35.1 40.16 153 11.80 17.19 23.67
[CoT 273 11.18 31.2 39.34 9.5 12.87 16.56 21.14
DyFo 34.8 8.22 36.1 39.86 15.7 13.67 17.50 23.69
CoFFT 35.6 12.17 38.3 40.68 16.8 15.55 19.69 25.54

InternVL2.5-8B-Instruct
Baseline 6.4 22.00 6.5 57.16 329 23.32 25.63 40.84
MCTS 65.0 24.67 62.0 58.24 343 25.20 26.56 4228
Pred. Dec. 65.4 25.00 62.4 58.76 351 26.81 27.19 42.95
[CoT 429 16.12 394 58.50 16.4 27.35 26.88 32.51
DyFo 64.7 20.39 61.5 SB.58 34.2 29.22 28.13 42.39
CoFFT 66.5 28.29 6d.5 59.19 36.6 31.37 30.63 45.30 ;

Qwen2.5VL-32B-Instruct Optimal results were
Baseline T4.7 2533 69.5 62.81 44.5 24.13 28.41 47.05 : :
MCTS 76.2 27.31 T0.6 64.15 47.6 28.69 29.06 49,09 aChIeved In a“ datasets
Pred. Dec. 76.6 2796 711 Bd.62 48.2 29.22 30.31 4972
ICoT 587 21.05 54.6 63.93 473 32.17 31.56 44.19
DyFo 756 24.67 T0.1 6,32 47.7 35.38 32.19 49.99
CoFFT 71.5 29.93 72.7 66.08 50.9 38.61 3438 52.96

XUAN JIAOTONG UNIVIRSITY



»® Experimental Results

» Computational Overhead

Models | Baseline MCTS Predictive decoding ICoT DyFo CoFFT
FLOPS | 8.35%e+12  4.05e+14 |.85e+14 |.88e+13 1.98e+13 2.38e+14
» Ablation Study on Qwen2.5-VL-7B-Instruct
Sample evaluation reloles Math Multi-subjects Chart Geography
solely on the reasoning  Models | MathVista MathVision | MMStar M3CoT | Charxiv | S.W-China S.W-Global
Progress score. Our 70.4 23.36 69.4 6247 | 472 35.12 29.37
w/fo DFD 68.5 20.42 66.5 61.39 44.8 28.42 27.19
_ wifo VFA 69.3 21.71 67.4 61.09 44.7 27.08 26.25
The reasoning process
employs only the original
image.
» Impact of Foresight Param | & Sample Size K
Foresight | MathVista S.E-China FLOPS | Sampling | MathVista S.E-China FLOPS
Study of parameter k with [ 1=3 68.8 33.51 l4le+ld | k=2 68.8 3432 119e+14
=4 69.3 3458  19le+ld | k=4 70.4 3512 2.38e+14
held constant at 5. _ =5 70.4 3512 238e+ld | k=6 70.8 3565  3.56e+14
Study of parameter / with k& 1=6 70.5 35.65  2.86e+14 | k=28 714 36,19  4.75e+14
=7 70.7 3592 333e+ld | k=10 72.2 3727 5.93e+14

fixed at 4.




22 Case Study

(a)

In the rightmost plot, which treatment
increases the most accuracy value

from =0 to p=1?

¢ B
The three figures illustrate how |
different treatments (T1-T4)
affect accuracy across P values [ fol e
from 0 to 1, with vertical »
dashed lines, and distinct
colored lines representing each

Across treatments
T1-T4 with varying 3
values (Oto 1), T4
uniquely showed a
25% accuracy
improvement while

treatment method.
\

others declined.
-

J

(b) [In which country and
within which first level
administrative region of
that country was this
picture taken?

Captured in China's historical
district, likely a traditional street
featuring rooflines, decorative
signage with Chinese characters,
calligraphy banners, and lanterns

-
In this scene of
traditional Chinese
architecture, a
decoratively woven
lantern hangs near a

Likely Sichuan, featuring
traditional architecture with
Chinese characters, wrought-
iron signs, bamboo lanterns,
and roof tile, but not sure.

sign bearing the
e characters "QianXiar
ToFu™, which
represents a tofu
establishment named
after QianXian, a
town in China's

Shaanxi province.
© (As shown in the figure, the We know that ZBOC = Since OD bisects (" Since ZAOE and
straight lines AB and CD 50.0 degrees... Since ZAQE... ZDOE = 50.0 ZBOE are

intersect at point O, OD ZBOC and ZAQD are degrees... ZAOE = supplementary angles

bisects ZAOE, ZBOC =
50.0, then ZEOB = ()

vertical angles... ZAOD
50.0 degrees.

L]

(they form a straight
line), we have ZAQE

ZAOD + ZDOE = 50.0
+ 50.0 = 100.0 degrees.

D

+ ZBOE = 180.0
E =» degrees. Therefore,
ZBOE = 180.0 -
100.0 = 80.0 degrees.
The final answer is

D

\(\boxed{80}\).

C \_ J

CoFFT successfully identified
relevant diagrams to correctly
answer questions about the
full image.

CoFFT robustly identifies
critical data and maintains
accuracy amidst distracting
information.

CoFFT reasons continuously
by identifying key elements
and dynamically refocusing
on the source image.

Figure 6: Illustrative cases demonstrating the reasoning process of CoFFT.

Examples (a), (b) and (c) are respectively from Charxiv, SeekWorld-China

and MathVista.
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2»®» Conclusion

® CoFFT Introduction: CoFFT, a training-free approach mimicking human visual
cognition via three stages (Diverse Sample Generation, Dual-Foresight Decoding, Visual
Focus Adjustment), bridges static visual processing and dynamic reasoning.

® Experimental Gains: Experiments show CoFFT boosts performance by 3.1% - 5.8% on
challenging visual reasoning tasks, no specialized models or system changes needed.

® Limitations & Future Work: CoFFT solves new VLM problems but may cause errors
in well-performing VLM cases, so robustness and systematic reasoning optimization

need further research.
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