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* Does the next token always worth learning?
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> BRIBERIEESMTH

* | am happy * | feel good

« I'mglad * | am pleased

> label AN—TE B ERI5HY/ IE—1E6HRY

Ground Truth

a pretty woman holding a cake
Model

a pretty woman holding a white

Is “cake” better than “white”?

> RilIREZ > ldbel JREEHAR
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> B label 120, AER1RRIMIERO) label 2555
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label better words
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» SRR EY IEEEERTEMRIENTE, RESEPITERXIEIRK

label better words
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Application: Descriptive Image Captioning
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> B1ZIER (Image Captioning): NS EE1S!

Inputs

Image-to-
Text Model

BRI S R
Output

a herd of giraffes and zebras
grazingin a field

14



Application: Descriptive Image Captioning N4 AI-M3
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» MSCOCO, Flickr30K FEmEIEImREUEIR B RAZ (e.9. £33 10 TE13)

A baby in plaid shirt

eating a frosted cake. A toddler is getting messy

while eating his cake.
A baby in plaid shirt

eating a frosted cake. .
Baby boy at the table eating cake

. . frosting off his hand.
A toddler eats cake with his

hands in his high chair.
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> B XEeEEE

b

MR, MEFARRERR, ERED & IIEE

VLP: a man r|d|ng a wave on a surfboard in the ocean.

VinVL ARELRN MSCOCO MNAEEPHY 43 sKPREIEE ST E BRI ABR
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» RMEREAPZY, REEESE AR

training data generated
a pretty young lady that has some kind of white
a woman holding a birthday frosted birthday caoke with lots of lit candles on
cake with lit candles. top of it, surrounded by several other people

looking onwardly at something in the distance.

17



Application: Descriptive Image Captioning 4 Al-M?
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> BERDE T RALIRMGTT

training data

\
a_ (pretty) woman holding a cake
label: pretty
model: woman
pretty wOoman

I pretty MR, B woman iR, RAUTESENEFFUN detail

Richness optimization
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Application: Descriptive Image Captioning 4 Al-M?
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> BERDE T RALIRMGTT

training data

\
a pretty woman holdinga  (caoke)
label: cake
model: white
cake white

1810 coke MR, [FRE white X RBVTEE NS FFN detail

Conciseness optimization
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> APIE PR H RIS EF I EF

Richness optimization Conciseness optimization

> WEAFEEWNSFENmAR, MNIZ:
« Tyfp) Richness optimization

« Y07 Conciseness optimization
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> SBDRERST Y BERMAEM EFAEE R 15758019

e.g. white e.qg. cake

> i ground truth caption B8 SR a/ENSEE

a
pretty
woman
holding
cake
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Application: Descriptive Image Captioning 4 Al-M?
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> IS DS

training data

a pretty woman holdinga _ (cake)

label: cake
model: white a pretty woman holding cake white
BERSE

1870 cake R AZFRAE white K (white FF 529N

Prevent conciseness optimization
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Application: Descriptive Image Captioning M Al M3
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> IS DS

training data

a__ (pretty) woman holding a cake
label: pretty

model: woman a pretty woman holding cake ' other words

WERSE

1870 pretty MK, =R woman i3 (woman FES5E&E2N)

Preserve richness optimization
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> e eR=E>S

Prevent conciseness optimization Preserve richness optimization

» Why this works?

SHFANE (FRAFINMETD), —RATERY A a
pretty
e.g. white (vs. cake) WwOoman
e \ N N \ holding
. BEENE (BFETHS), —RERDZN ke

e.g. woman (vs. pretty)

e o - - - - - - - -]
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> Semipermeable (5Ep) Maximum Likelihood Estimation (SMILE)

Bl conciseness optimization, R 14 richness optimization

BRI FERH) richness optimization, FCEEROFENE 241

Richness

Optimization Richness
Optimization

Conciseness Conciseness

Optimization Optimization
MLE SMILE
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Human

a woman holding a birthday cake with lit candles.
MLE

a woman holding a cake with lit candles.

SMILE (ours)

a pretty young lady that has some kind of white
frosted birthday cake with lots of lit candles on
top of it, surrounded by several other people
looking onwardly at something in the distance.

Human

ocean showing a boat sailing on the waters.

MLE

a boat floating on top of a large body of water.
SMILE (ours)

a lone fishing vessel that appears to be floating
peacefully across the vast expanse of crystal blue
water near an island in the far distance.

Application: Descriptive Image Captioning N4 Al-M3
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Human

a wire with a street light hanging from it.

MLE

a traffic light hanging from the side of a building.
SMILE (ours)

a close-up image of two red stoplights hanging
from an electrical cable system outside a large
brick church building, during the early morning

hours.

Human

a man in black surfing in high and strong waves.
MLE

a man riding a wave on top of a surfboard.

SMILE (ours)

a young adult male leans forward as he stands
atop an extremely wide red and white striped
surfboard in the midst of crashing waves.
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Application: Descriptive Image Captioning 4 AI-M3
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> SRS ANRBBSZHIML)T, HEECTOAHRAIBNAS

Instruction: Please describe this image in detail.

Model: The image features a cute, red dog running across a grassy field --- Around

the dog, there are several other dogs visible in the background ---
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RAERNEDFIERE, EANBHITIRAIRERNAS

> LImEER:

Instruction: Please describe this image in detail.

LLaVA-1.5 (7B)

The image features a person wearing a wetsuit, standing in the water and holding a sailboard.
The person is positioned in the middle of the scene, with the sailboard prominently visible in
front of them. The water appears to be choppy, adding to the dynamic nature of the scene.
In the background, there are several boats of varying sizes scattered across the water,
creating a lively atmosphere. Some of the boats are closer to the person with the sailboard,

while others are further away, providing a sense of depth to the image.
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=1y expressiveness

overly-detailed
In the image, a man is training data
skillfully catching air while
skateboarding in a public
park in a city, seemingly
flying through the air ---

N
Additionally, there are two @
benches visible in the park, %
one closer to the left and
another further back --- .
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2= [Y) expressiveness

overly-detailed
In the image, a man is training data
skillfully catching air while
skateboarding in a public
park in a city, seemingly 0O
flying through the air ---

fit the detail level &
length distribution

AN
Additionally, there are two b
benches visible in the park, '
one closer to the left and % tends to overly generate details

another further back --- exceeds model’s visudl . beyond visual perception limits

perception capability

34



Application: Multimodal Hallucination "4 AI-'M3

FAARRF S 4RITELRE

> |0J@: Model Expressiveness > Model Visual Perception Capability

»> Can we calibrate expressiveness to match visual perception capability?
SR ERGARITIRBINERG, NARBRIEAAY (A% EOS token)
(1) WEEREERBLR I IR AU FR?
(2) QeI ERR YA expressiveness?

>mJ'i >mJi

II:I:I
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(1) QAFRENE BB D0 1R AR R ?
> ToRE, REBEASRIFEIIRAI RIS LA AENE T
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M AI-MS

(1) QAFRENE BB D0 1R AR R ?
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RSN ~—130Y, £ M SmaiNiIERNERm: Bl token (Z-) A EOS token ()

©
o

from image
| W from current sentence
B from preceding sentences
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17%
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Layer

Information Flow
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o
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©
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from image
J W from current sentence
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Layer
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This is the first sentence. The second sentence. ... ... ... ... ... This is the last sentence. <EOS>

o OO ety

In ation fHo

Q)

from [ ][]0 OO OO B O O B )

This is the first sentence. The second sentence. ... ... ... ... ... This is the last sentence. <EQS>
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This is the first sentence. The second sentence. ... ... ... ... ... This is the last sentence. <EOS>

o UL

informatio -"/

() I\

from [ OO oo o

This is the first sentence. The second sentence. ... ... ... ... ... This is the last sentence. <EQS>
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(1) QAFRENE BB D0 1R AR R ?

1.0 1.0
from image from image
2 0.8 I from current sentence 42% = 0.81 B from current sentence
o Il from preceding sentences o Il from preceding sentences
L L
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g 0.4 41% g 0.4+
) O
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17%
00 T T T T 00 T T T T
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> IREUFON EOS token §Y, BEFFFI LM, MIFSRIDF
> B8 REOBEETHORIITEME, LUREEST A EOS
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Application: Multimodal Hallucination

SEUBYAN IR BITRBR?
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----- baseline
0.15{|— Image-
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| = text—
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0.00 i | .
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(1) WABRBUREIRIAI TR AR ?
> REBEAESRIEMN TR RIS EEAE)E T
SRR TFELL, R\EDRINACSFDBRRAEEBRFNNTAS
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(1) EBRER BRI e 1R A AR R ?
> REUBSES RN RARIVIZ L ERBY B
SRR TFELL, R\EDRINACSFDBRRAEEBRFNNTAS

(2) Q0{oIROERERIA expressiveness?
> D EERES
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» Selective EOS Supervision

maximize maximize
5 ) 5

pr P2 - Py - Pros pPr P2 - DPj - PEos

y # EOS y = EOS
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AUT) o N

> TEE SFT 24U EXAR LY H
« BEE/D hallucination, [@FY4ERF informativeness

Row | Model | Method | Length | CHAIRs | CHAIR;| Recallt | Faitht Faiths 1
1 i 100.6 50.0 154 771 870 688
2 VCD 100.4 48.6 14.9 773 || 871 70.2
3 OPERA 98.6 478 14.6 768 || 880 726
4 | LLaVA-LS ) | GpEpA s | 853 48.6 14.5 76.7 87.7 713
5 Ours (w/ Inst.) 76.2 36.8 11.3 74.3 88.4 73.0
6 Ours (w/Cap) | 797 40.2 12.3 757 || 893 723
7 ] 100.9 472 13.0 773 || 876 731
g | LLaVA-LSasb) | o wcapy | 85.1 36.8 11.4 753 || 888 728
9 i 57.8 354 13.8 648 || 869 674
10 | LLaVA @) Ours (w/Cap) | 39.9 27.0 132 57.1 889 716
11 N ] 87.2 38.0 11.1 66.3 856 678
12 | MiniGPTV2 (7b) | (e rcapy | 62.2 27.0 9.8 666 || 899  76.0

hallucination informativeness
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> HFAREBEME/DENKE > X RH expressiveness BIROE

N ; e S =
- BAS{/LTF truncating / length penalty o BRI TERFFES NRERTR
11 CHAIR, (MLE) CHAIRs (MLE)
—e— CHAIR, (Ours) —e- CHAIRs (Ours) 60
121 Vel
- B ¥ _kC 50
o 13 ¥ o o
< \‘\\ A 4 < \x\\ —_—
I — i\\\\ I *\\‘ '40%
o 14 il O il — o~ —--—--- YT - O
V*~\\ 16_
15 - Truncate ~v\\ L 30
v Len. Penalty AV 14+
16 Ours 12 -
72 73 74 75 76 77 0.0 0.2 0.4 0.6 0.8 1.0
Recall Epoch
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Application: Multimodal Hallucination
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Baseline:

The image features a man sitting at a desk, working on a laptop computer. He is surrounded by numerous books,
which are scattered around the desk and on the floor. Some books are placed close to the laptop, while others are
located further away.

In addition to the laptop and books, there are a few other items on the desk, such as a mouse and a cell phone. A
clock can also be seen on the wall, indicating the time. The scene suggests a focused and studious environment,
with the man likely engaged in work or research.

Ours:

The image features a man sitting at a desk, working on a laptop computer. He is surrounded by numerous books,
which are scattered across the desk and on the shelves behind him. The books vary in size and are placed in different
orientations, creating a busy and studious atmosphere.

Baseline:

The image features a person wearing a wetsuit, standing in the water and holding a sailboard. The person is
positioned in the middle of the scene, with the sailboard prominently visible in front of them. The water appears to
be choppy, adding to the dynamic nature of the scene.

In the background, there are several boats of varying sizes scattered across the water, creating a lively atmosphere.
Some of the boats are closer to the person with the sailboard, while others are further away, providing a sense of
depth to the image.

Ours:

The image features a person wearing a wetsuit, standing in the water and holding a sail. The person appears to be
preparing to windsurf or engage in a water sport that involves a sail. The sail is large and positioned in front of the
person, with the water surrounding them.

Baseline:

The image captures a young man skillfully performing a trick on a skateboard, jumping into the air while riding it. He
is wearing a plaid shirt and appears to be in a park-like setting. The skateboard is positioned underneath him, with
the wheels visible as he jumps.

In the background, there are a few other people present, possibly watching the skateboarder or engaging in their
own activities. The scene also features a bench, a chair, and a potted plant, adding to the park-like atmosphere.

Ours:

The image captures a young man skillfully performing a trick on his skateboard, jumping into the air with the
skateboard beneath his feet. He is wearing a plaid shirt and appears to be in a park-like setting. The skateboarder is
the main focus of the scene, with his impressive stunt drawing attention.

Baseline:

The image features a train station with a train on the tracks. A man is standing next to the train, holding a green
trash can, likely preparing to clean the train. Another man is standing in the train, possibly a passenger or a worker.
There are several other people in the scene, some of them standing near the train, while others are scattered around
the station. A handbag can be seen placed on the ground, possibly belonging to one of the people in the scene.

Ours:

The image features a train station with a train on the tracks. A man in a blue shirt is standing next to the train,
holding a green trash can. He appears to be in the process of unloading the trash can from the train. Another man is
standing in the open door of the train, possibly waiting to get off or assisting with the unloading process.

Baseline:

The image features a wooden dining table with a tray holding three delicious donuts. The donuts are arranged in a
visually appealing manner, with one donut placed in the center and the other two positioned on either side. The
table appears to be in a restaurant setting, as there is a bench situated nearby.

In addition to the donuts, there is a cup placed on the table, possibly containing a beverage to accompany the sweet
treats. The overall scene conveys a pleasant and inviting atmosphere, perfect for enjoying a snack or dessert.

Ours:

The image features a wooden dining table with three donuts placed on a napkin. The donuts are of different sizes
and are arranged in a way that they are stacked on top of each other. The table is positioned near a window,
allowing natural light to illuminate the scene.

Baseline:

The image captures a man skillfully riding a wave on a surfboard in the ocean. He is wearing a wetsuit and appears to
be enjoying the thrill of the sport. The surfer is positioned in the center of the scene, with the surfboard beneath him.
In the background, there are several cars parked along the shore, likely belonging to beachgoers or spectators. The
cars are scattered around the area, with some closer to the water and others further back. The scene is a lively
representation of a day at the beach, with people enjoying various activities.

Ours:

The image captures a man in a black wetsuit skillfully riding a wave on a surfboard. He is positioned in the center of
the scene, with the surfboard beneath him as he expertly navigates the water. The wave he is riding is quite large,
providing an exciting challenge for the surfer.
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Discussion W AI-M3

FAARRF S 4RITELRE

> E3NRIZR=ES): Supervision Selection

(REBSEENE1TZ! label BIREREER
B RS EESNE1TR label BIREREERS

label better words

BRI
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Discussion M AI-M3
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> data selection &
« EEMRER vocabulary NBVERGERS

o o o
¢ ¢ ¢
N4 N4 0
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Q Q Q
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O O O
wn wn )
token token token
sample (sequence) —level token-level vocabulary-level

S ERERIFIE R RGN
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Discussion M AI-M3
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> model learning fi &3
« FEZIN, BHE— supervision-free BIEEB X, HMERERFBIMTA
« B[Ok RIFREBR TN RIZRE

more detailed word EOS token

subset subset

o4



Discussion M AI-M3
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> distribution modeling A&
- EFEBIIGERE R, I 1T BRSNS

Concise captions Descriptive captions

Overly expressive Properly expressive
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Future Works W AI-M3
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» From Specific to General-purpose Supervision Selection
e e.g.LLM pretrain

» From Heuristical to Automatic Subsetting Strategy

« ¢.9.learning to select subsets (by model)

» From Text to Multimodality Generation
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» Learning Descriptive Image Captioning via Semipermeable

Maximum Likelihood Estimation (NeurlPS 2023)

« Less is More: Mitigating Multimodal Hallucination from an

EQOS Decision Perspective (ACL 2024)

« More exploration in progress!
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