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1. Settings

In our main article, we use the LLaVA-1.5-7b model [2] to
analyze the evolution patterns of multimodal knowledge in
Large Vision-Language Models (LVLMs) and observe var-
ious phenomena from the token probabilities level, prob-
ability distributions level, and feature encoding level. To
validate the generality of these observations, we conduct
additional experiments with the LLaVA-1.5-13b model [2].
This model operates similarly to the 7b version: multimodal
inputs are first processed to extract features, then the image-
text features are aligned through a linear projection, and fi-
nally, the aligned multimodal features are fed into a 40-layer
Vicuna model [1] to generate the texts.

2. Token Probability Analyses

The prompt we use is “Please describe this image in de-
tail”, and early exit is applied to compute the probabilities
for each token across different layers. An example with the
probabilities of 24 tokens is shown in Figure 1. It can be
observed that in the shallow layers, the probabilities of all
tokens are very low, close to zero. Around the 20-th layer,
the probabilities of some tokens suddenly increase, giving
them a probabilistic advantage. The number of such tokens
is extremely small, which means only a few during each
token prediction process, while the probabilities of the re-
maining tokens consistently remain close to zero. Addi-
tionally, after gaining a probabilistic advantage, some to-
kens undergo another abrupt change in their probabilities.
This indicates the emergence of new knowledge, altering
the prediction probabilities of tokens. When this change is
significant enough, it can lead to the creation of new tokens
with probabilistic advantage, thereby influencing the out-
put. Figure 2 presents the statistical results of the critical
layers across different models, showing that while distribu-
tion of critical layer varies slightly between models, it is

primarily concentrated in the 16th-19th layers.

3. Token Distribution Analyses

The probability distributions of four examples from the
AMBER dataset [3] are shown in Figure 3 and Figure 4.
#1: A noticeable shift in the JS divergence values emerges
at approximately the 16-th layer. The early layers exhibit
high divergence values, while beyond the 16-th layer, these
values drop sharply to nearly zero and stay consistent up to
the output layer. This indicates that before the 16-th layer,
knowledge is in a phase of rapid evolution. After the 16-th
layer, the knowledge derived from the input stabilizes, and
the rate of evolution slows down. #2: During the next-token
prediction process, the JSDs often undergo abrupt changes
in the deeper layers, indicating that new information is be-
ing injected into the network, triggering a secondary evolu-
tion of knowledge within the model.

Figure 5 and Figure 6 show some experimental results of
the skip connection setting: jumping from the critical lay-
ers to the mutation layers (skip.1), skipping only the muta-
tion layers (skip.2), and jumping directly from the critical
layers to the last five layers (skip.3). In the skip.1 setting,
the model’s output is semantically similar to the original,
whether it involves correct or hallucinated descriptions, in-
dicating that knowledge evolves slowly during the stabiliza-
tion stage. In the skip.2 setting, the model not only pre-
serves most of the original semantics but also corrects some
hallucinations, suggesting that the information injected at
the mutation layers is likely external and does not origi-
nate from the multimodal input. By skipping the mutation
layers, knowledge from the shallow layers can be directly
passed to the deeper layers, thereby ensuring faithfulness to
the input. In the skip.3 setting, the model’s output quality
deteriorates significantly, demonstrating the persistence of
knowledge evolution in LVLMs, albeit at a relatively slow
pace after the critical layers.



The image features two cows standing in a grassy field,
enjoying the sunny day. One cow is located towards the left
side of the field, while the other cow is located more towards
the right side. Both cows are facing the camera, appearing to
be curious about their surroundings.

The field is lush and green, providing a perfect environment
for the cows to graze and relax. The cows are standing close
to each other, possibly indicating a sense of companionship or
social interaction between them.
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Figure 1. The probabilities of tokens across different layers during normal inference processes.

He oo HmerT thermore, for the same token, its features across different

— - e " layers diverge in an approximately linear manner, indicating
Lot Layer ‘ b a degree of continuity in the knowledge evolution. How-
e om0 e ever, this continuity may be disrupted by injected informa-

17t Layer o tion, as evidenced by the separation between shallow and

deep features for some tokens. We then conduct an analy-
sis on different images in a question-answering task, where
the model is prompted to output the key objects in the im-
age. We observe that in the shallow layers, the features of
all images are similar, indicating that the knowledge learned
by the model for different inputs is general. However, after

Figure 2. Critical layers distribution across various models.

4. Feature Encoding Analyses

We use -SNE to compress the high-dimensional feature en- the critical layers, the features gradually diverge, resulting
codings, and some results on the single images for different image-specific characteristics.

tokens are shown in Figure 7. We observe that the feature

encodings of different tokens tend to converge in the ini- References
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he image features a young
child standing in a grassy
field, wearing a striped shirt.
The child appears to be
crying or upset, possibly due
to a fall or a disagreement.
The field is lush and green,
providing a natural | setting
|
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The image features a small
brown dog standing on a dirt
field, looking at the camera.
The dog is positioned near a
stone bench, which is
located towards the right
side of the scene.
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Figure 3. The JS divergences of token probability distributions across adjacent layers during normal inference processes.
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The image features a man in
a white swimsuit, diving into
the ocean water. He is in the
middle of a dive, with his
body positioned in a way that
he appears to be upside down.
The man is wearing swim
trunks, and his feet are
visible as he makes the dive.

089

083

°
E]
2
H
=
2

X 013
029 u.«umruuuumu«‘ 0025 00008 0.1

0064 0067 013 023 00% 022 021
0028 004 0.0046 33005 0.0022 000037 45006 18007 0.021
0015 o1 o019 0096 EHN0.000ss|
0011 0.00095 0.00067 0.00056 0.0055

ZEgst

023 003 00028 00075 0033

021

0031

01 006 0oz [ 008

siz=gszagfles
2

0087 0.0095 0.047 0.0076 0.0041 0.00018 5005 0.0006 0.00011 16007 1.6006 1.40.05 14008 43008 430.09 12008 0.074 0.
0z 003 0055 00057 042 0012 0057 | 041 00031 0011 0067 0.00086 0.012 0028 00042
o1 047 0017 0.0044 0.00079 0.00094 0.0098 0.0015 0.0027 33e05 0.0015 0013 0053 012 008

028 0039 0036 0017 00012 000024000086 003 0034 0057 0089 000091 0.00015 3.50-09 5.1e-10 1.de-11
037 00054 00063 00002 I 39605 23605 41607 1.36-05 32606 49007 35007 9.20.08 0.00064 000068
0035 00067 0.14
016 o1 I

0oz 019 033
0043

-
23

0034 0033 00062 0016 024 00068 [N 0092 | 04
037 0017 o017 [N 0057 00021 00037 0.0034 0.00043 0.01 0.00052 0.0002 0.00008 0.0040

0036 0.0073 0.00036 0.0023 1 3308 0001 00083 0.0018 0.4

0.011 0.0028 0.0054 00083 8.46-05 0.0034 0.000810.09017]

X 12 0003 00042 002 012 0.00072 0.00026 1.50-05 1.16-07 61009 7.10-09 1.66-11 1.50-12 0.0013
0018 011 0045 00045 019 000081 0.0068 JUITI 011 000058 015 00041 005 038 0061 0074
0019 026 00089 0.0011 0033 51607 17607 220-05 1.30-06 5.50-06 46006 4.6e-05 0032 0011 | 044 027 NILN

with _o4s 0 o022
his 021 0025 00037 0011 043 0038 0021 047 [R5 3608 17007 23006 5608 42007 92007 91005 03
body 022 0016 00022 0012 016 0016 0029 001 0009 00036 0.0018 003 00095 012 0037 00011 033
position - 0029 018 0.0081 0.00033 360-05 6.6-05 00014 0.00089 4e-05 83005 0.00018 S7e05 009 023 023 ooss XIN
ed- oos [N 00064 0036 0.027 0.000180.00052 0.0055 1.6e-05 28005 13 1.5¢07 62007 1009 57009 0.020

00043
0072 02 0096 00064 [N 002 0054 02 0072 0.0011 0.000710.00014 0.00017 00028 JETN oo7s KD
o1 o2 ocoss 013 oore o012 [N 00057 JEIZN 0095 00033 0083 0016 002 0074
005 021 00081 0017 041 0014 0069 026 0018 0047 0081 0032 0014 027 014 092 m
0016 0024 0.00088 0.0028 0.0085 0.00032 0.009 0.0081 00043 012 0011 00021 0.0033 00012 46e-05 )M 0.047
013 0082 0028 0015 0068 0039 017 015 ooss [N 0008 o018 NUETNEEEZN 00032
o0ss TN 0016 013 0005 0425 0023 000SS 001 0019 0.0038 000014000079 00017 06012 o N

23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

©-Z2EEEREREE

The image features a man
riding a horse across a vast,
open field with a mountain
range in the background. The
man is positioned towards
the left side of the scene,
while the horse is located
closer to the center. The
field appears to be dry and

grassy.
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Figure 4. The JS divergences of token probability distributions across adjacent layers during normal inference processes.



e image feafures a young
girl standing on a beach,
barefoot and barely
dressed, as she enjoys the
ocean beach
beachfront.The girl is the
main figure in the scene,
standing near the water,
and is surrounded by a few
other people scattered
around the beach.

There is a sports ball visible
in the scene, likely playing a
part in the girl's fun beach
tivities,

The image features a young
girl jumping in the air on a
beach near the ocean. She
is wearing a blue and white
swimsuit and appears to be
enjoying her time in the
water. The girl is in the
middle of the scene, with
the ocean stretching out
behind her.A sports ball can
be seen on the beach,
possibly belonging to the
girl or other beachgoers.

The image features a large
ocean beach scene
featuring a barely dressed
woman and her barely
dressed daughter. The two
of them are the focal point
of the image. There is a
bright sunny atmosphere,
and they are surrounded by
a few other people, but the
focus remains on the two of
them.

The image captures a young
girl jumping in the ocean
waves, with her feet barely
touching the water. She
appears to be enjoying
herself as she jumps and
plays in the waves. The
scene takes place on a
beach, where the girl is the
main focus of the image.

The image features a male
motorcycle racing driver
racing down a black roadway.
The driver is dressed in
racing clothes and helmet,
indicating that it is a racing
event.There are a number
of other people visible in
the background, watching
the racing event unfold.
Additionally, there is a tree
in the background.

The image features a
person wearing a red and
blue racing suit, riding a
blue and white motorcycle
down a street.The
motorcycle is positioned in
the center of the scene,
with the rider sitting on top
of it displaying a sense of
skill and control. There are a
couple of other people
visible in the background.

The image captures a
thrilling moment of a man
riding a motorcycle down a
street. The motorcyclist is
leaning into a curve,
skillfully navigating the turn.
In the background, there
are a few other people
visible, possibly observing
the motorcyclist or going
about their own activities.

The image depicts a
motorcyclist dressed in a
racing suit, racing down a
roadway. The rider is
leaning into a sharp turn,
leaning over the motorcycle
to maintain control and
balance. The motorcycle is
positioned in the center of
the scene, with the rider
skillfully navigating the turn.

The image features a young
boy running across a grassy
field, with a black dog
running behind him. The boy
appears to be enjoying the
outdoor activity, while the
dog seems to be following
him closely. The boy is
wearing a red shirt, and the
dog is positioned to the left
of him. The scene conveys a
sense of playfulness and
companionship between the
boy and the dog.

The image features a young
boy running across a grassy
field, with a black dog
following closely behind him.
The boy appears to be
enjoying the outdoor
activity, while the dog
seems to be eagerly
participating in the play.
The scene captures the
Jjoyful interaction between
the boy and his dog.

The image features a boy
dressed in a bright red
baseball uniform, standing
on grass. He is accompanied
by a small, young dog, who is
standing beside him. The
boy is holding a baseball,
and it seems that he is
preparing to play baseball.
The dog is watching closely,
accomping the boy in this
activity.

In the image, a young boy is
running across a field with a
dog following behind him.
The boy appears to be
enjoying the outdoor
activity, while the dog
seems eager to catch up
with him. The scene
showcases a fun and active
moment between the boy
and the dog.

The image features a young,
little girl playing with a
basketball on a basketball
court. She is standing on
the court, and the sports
ball is positioned on the
ground beside her. The
little girl is wearing a white
hat and appears to be
enjoying herself as she
engages in the game.

The image features a young
girl wearing a white hat and
a white sweater, standing on
a basketball court. She is
playing with a basketball,
kicking it with her foot.
The girl appears to be
enjoying her fime on the
court, possibly practicing
her skills or just having fun.

The image features a small,
adorable toddler dressed
warmly and barefoot,
kicking a ball across the
floor. The toddler is the
main focus of the image and
is surrounded by a bright
orange ball. The toddler is
standing in front a ball,
kicking it across the floor.

The image features a young
girl playing with a
basketball on a court. She
is kicking the ball with her
foot, showing her skill and
enthusiasm in basketball.
The girl is wearing a hat and
a sweater, indicating that
the weather might be cold.

Figure 5. The effect of skip connections on model’s output. From left to right: the original image, the descriptions from the original model,
the descriptions when skipping from the critical layers to the mutation layers, the descriptions when only skipping the mutation layers, and
the descriptions when skipping from the critical layers to the last few layer (as the layers near the output contain linguistic priors, we retain
the final 5 layers). Hallucinated tokens are marked in red, and corrected tokens are marked in green.



The image features a
beautiful lake surrounded
by trees and grass, creating
a serene atmosphere. The
lake is surrounded by trees
that are changing colors,
indicating the season is fall.
The lake is surrounded by
grass, and the area is
surrounded by trees. The
trees are not only colorful
but also seemingly endless,
providing a sense of depth
and beauty to the landscape,

The image features a
serene lake surrounded by
trees, creating a beautiful
natural setting. There are a
few birds scattered
throughout the image, flying
or standing near the trees.
The combination of the lake,
trees, birds, and reflection
creates a tranquil
atmosphere that is
beautifully captured in the
image.

The image features a
serene lake surrounded by
trees, creating a beautiful
natural scene. The trees
surrounding the lake are
mostly bare trees, but
there are a few trees with
some remaining leaves,
adding a splash of color to
the otherwise tranquil
landscape. There are birds
scattered throughout the
image, flying or standing on
branches.

The image features a
serene scene of a pond
surrounded by trees, with a
beautiful autumn backdrop.
The pond is calm and
reflects the colors of the
trees, enhancing the overall
beauty of the scene.There
are several birds scattered
throughout the image,
adding a touch of life to the
tranquil setting.

The image features a
person standing in the
middle of a large body of 4@»
water, possibly the ocean.
The person appears to be
enjoying the water and the
surrounding environment.
The water is a mix of blue
and green, creating a serene
atmosphere.In the
background, there is a
sandy beach, which adds to
the overall beauty of the
scene.

The image depicts a person
enjoying a sunny, blue ocean
day. The individual is
floating in the water, with
their body floating above
the surface, appearing to be
in a relaxed and enjoyable
state. The clear water and
the presence of the floating
body create a serene
atmosphere, indicating a
pleasant and relaxing
experience.

The image features a beach
scene featuring a beachgoer
standing in the ocean,
standing near the shore.
The beach is sandy and has
a sandbar visible. The
person is standing in the
water, and it is likely that
they are observing the
beach and the ocean.There
is also a boat visible in the
background, floating in the
ocean.

The image depicts a person
standing in the ocean,
surrounded by blue and
green waves. The person is
located in the middle of the
scene, with their body
partially submerged in the
water. The overall scene is a
beautiful representation of
a person enjoying the ocean
and its tranquility.

The image features a book
with a pair of blue
sunglasses resting on top of
it. The sunglasses are
placed in the middle of the
book, covering a portion of
the pages. The book is
open, revealing the content
inside. The scene creates
an interesting and unusual
visual effect, as the
sunglasses seem to be
reading the book.

The image features a book
with a pair of blue
sunglasses resting on it.
The sunglasses are placed
on the book pages, creating
an interesting and unique
scene. The book appears to
be open, showcasing the
sunglasses as the main focal
point. The combination of
the book and sunglasses
creates a unique and eye-
catching composition.

The image features a book
laying open on a surface,
with blue sunglasses placed
on top of it. The sunglasses
are positioned in the middle
of the page, capturing
attention. The combination
of the blue sunglasses and
the blue and white colors of
the pages creates a visually
appealing contrast.

The image features a
stacked white and blue
bookshelf displaying a stack
of blue books. The stack is
arranged vertically, and the
blue books are stacked in
layers. The stack is placed
on top of a table, and the
arrangement is visually
appealing.

The image features a
wooden dining table with a
cup of coffee and a banana
placed on it. The banana is
positioned to the left of the
cup, and both items are
sitting on the table's
surface. The cup appears to
be a coffee mug, and the
banana is in a ripe state,
ready to be eaten. The
table occupies most of the
image, with the cup and
banana being the main focus,

The image features a
banana lying on a brown
surface, accompanied by a
coffee cup placed beside it.
The banana is positioned
towards the left side of the
coffee cup, and the coffee
cup itself occupies the
central part of the image.
The combination of banana
and coffee cup suggests a
simple snack or breakfast
scene.

The image features a table
with a white coffee cup
placed on it. There are two
bananas placed beside the
cup, positioned in various
positions. Additionally, a
coffee table booklet is
placed on the table, which is
titled "World Wide." The
combination of coffee,
coffee table, and the
presence of the book
suggests a coffee table
arrangement.

The image features a
wooden dining table with a
cup of coffee and a banana
placed on it. The banana is
positioned towards the left
side of the table, while the
cup of coffee is located
slightly to the right of the
banana. The table occupies
the entirety of the scene,
creating a simple yet
inviting atmosphere.

Figure 6. The effect of skip connections on model’s output. From left to right: the original image, the descriptions from the original model,
the descriptions when skipping from the critical layers to the mutation layers, the descriptions when only skipping the mutation layers, and
the descriptions when skipping from the critical layers to the last few layer (as the layers near the output contain linguistic priors, we retain
the final 5 layers). Hallucinated tokens are marked in red, and corrected tokens are marked in green.
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'@' The image features a man riding a bicycle down a curvy road. He is wearing a
helmet for safety while enjoying his ride. The road is surrounded by a lush
ty njoying Y
green hillside, creating a picturesque scene.

18; The image features a young boy lying on the grass, playing with a football. The
boy appears fo be enjoying his time outdoors, possibly taking a break from
playing or just relaxing. The scene captures a moment of leisure and fun for the
child.

1@» The image features a small boat resting on a rocky beach near the ocean. The
boat is positioned towards the left side of the scene, with the ocean stretching
out in the background. The beach is covered in rocks, giving it a rugged
appearance.
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<g> The image features a kitchen counter with a microwave placed on top of a shelf.
The microwave is positioned in the center of the counter, and a coffee cup is
located to the right of the microwave. There are also two coffee mugs on the
counter, one near the left edge and the other near the right edge.

The image features a young child standing in a grassy field, wearing a red hat.
The child appears to be pointing at a bird, possibly a goose, that is walking in
the grass nearby. The bird is located towards the right side of the image,
closer to the center.

The image captures a beautiful sunset scene at a golf course, with two men
standing on the green. The men are positioned close to each other, with one
slightly to the left and the other to the right.
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The image features a grassy field with two zebras standing and laying down.
One zebra is standing on the left side of the field, while the other is laying
down on the right side. They are positioned close to each other, possibly
enjoying each other's company.

The image features a dog standing on a rocky beach near the water. The dog is
positioned towards the center of the scene, with the ocean in the background.
The beach appears to be wet, possibly due to the tide or waves.

Figure 7. Feature encodings across layers in the same image for different tokens.
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[Wha’r is the musical instrument shown in the image?] [ What is the fruit shown in the image? ]

Figure 8. Features encodings across layers for different images.
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