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Image-Text matching is inherently many-to-many
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a train is on a track next to a platform.
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A common concept



Image-Text matching is inherently many-to-many

people waiting to board a train in a train station.

‘ the metro train has pulled into a large station.
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a train is on a track next to a platform.



How deterministic space oversimplifies multiplicity?

“Person”
“A person 1s walking in the rain”
“A person 1s walking on sunshine”

“A person 1s walking”

(a) Deterministic embedding (b) Probabilistic embedding



Det. space maps an input to a specific vector coord.

“A person is walking in the rain”

“A person is walking on sunshine”

(a) Deterministic embedding (b) Probabilistic embedding



Even if an input can be matched to multiple instances,
it will be mapped to a specific coord.

“Person”

“A person 1s walking in the rain™
“A person is walking on sunshine”

“A person 1s walking”

(a) Deterministic embedding (b) Probabilistic embedding



Prob. space has additional info. axis, “uncertainty”

“Person” /

“A person is walking in the rain™ (
“A person 1s walking on sunshine™ \

“A person is walking” S o A

(a) Deterministic embedding (b) Probabilistic embedding



An uncertain input will have a large uncertainty value
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(a) Deterministic embedding (b) Probabilistic embedding



We can easily capture input uncertainty by “variance”

“Person”™— — — -~

“A person is walking in the rain”
A person 1s walking on sunshine™

“A person is walking”— — _ _ _

(a) Deterministic embedding (b) Probabilistic embedding



Real-world scenarios require handling uncertainty

“Person”™— — — -~

“A person is walking in the rain”
“A person 1s walking on sunshine”

“A person is walking”— — _ _ _

“A person hugging a cat” < _

(a) Deterministic embedding (b) Probabilistic embedding



Contribution

Method Pre-trained Uncz.:nainty Optirpizgtion Training Evaluation
model architecture objective dataset dataset
PCME (Chunetal, 2020) "GV G rinedy | (Song & Soleyman, 2019)  (Ohetal.2019)  CUB Capion _ CUB Caption
ProbVLM (Upadtyay etal, 2028)  “Eoli™  (Generalized Gaussian)  crosemodl ahgament  CUB Caption __CUB Capton
PCME++ (Chun, 2024) CLIP (OpenAl) I-layer Transformer BCE with CSD MSEOOD e L SIESTL
PCME++ (Chun, 2024) ; 1-layer Transformer BC%‘IYigllSsssD & CC3I\}/{(;tiganlsZM & ImageNet ZS

ProLIP (Chun et al., 2024) - [UNC] token PPCL & Inclusion loss DataComp 1B 38 ZS tasks

e ProLIP is the first PrVLM pre-trained on a billion-scale image-text dataset using only
probabilistic objectives, and shows strong ZS classification even compared to CLIP/SigLIP
e \We tackle three issues of the previous PrVLMs: (1) efficient uncertainty architecture,
(2) better optimization objective, and (3) enforces a desired behavior by additional
“inclusion” loss.



Standard Language-Image Pre-training

Contrastive loss, or

/ Sigmoid loss \
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Efficient uncertainty architecture by [UNC] token

[CLS{J[UNCV] [UNCileLs
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Visual Encoder Textual Encoder
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A |grey |cat [wears |a|red |hat




ProLIP Architecture & Objective functions

|Probabilistic Pairwise Contrastive Loss (Eq. 2)|+|Inclusion Loss (T C V) (Eq. 5)| | Inclusion Loss (T C Tmak) |
T : P A grey cat wears a red hat
‘ log 6
L2-norm |_> L2-norm
[CLSV][UNCv] [UNCH][CLSt]
I O O ! T (M [M] cat [M] a [M] hat

 Inclusion Loss (V C Vrmesked)|

A |grey |cat |wears |a|red |hat




Inclusion loss for enforcing inclusive relationship

e [wo inclusive relationships
o Texts include images
o Masked input includes the original input

| Inclusion Loss (VCT) | | Inclusion Loss (T C Tmasked) | [nclusion Loss (V C Vesked)|

A grey cat wears a red hat A grey cat wears a red hat

[M] [M] cat [M] a [M] hat



Zero-shot classification

# Samples Seen ImageNet IN dist. shifts VTAB Retrieval Average

CLIP 1.28B 67.2 55.1 569 534 571
. SigLIP 1.28B 67.4 55.4 55.7 534 567
VITB/16 o ip 1.28B 67.8 55.3 585 530 579

ProLIP 12.8B 74.6 63.0 637 596 633

VILL/16  ProLIP _ 1.28B* 79.4 68.6 640 613 659

VIT-SO400M/14 ProLIP  1.28B* 79.3 69.0 65.1 625 666

e All models are available at
https://huggingface.co/collections/SanghyukChun/prolip-6712595dfc87fd85
97350291



https://huggingface.co/collections/SanghyukChun/prolip-6712595dfc87fd8597350291
https://huggingface.co/collections/SanghyukChun/prolip-6712595dfc87fd8597350291

Certain & uncertain samples
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- 3BR house 10mins to Gaisano Mall - extech rh520a chart recorder, - Measuring the Effectiveness of Your - Places To Go In South Island - And the obligatory coffee - Screenshot

& the city proper - Butuan City - JR37 2 humidity & temperature Church Website (Google Analytics) (1).png - huawei mate xs - Jay Jay Ink - channel image

- Afia Schwar wildly jubilates after - Malibu Beach Inn Updated 2020 - Mary Gypsioti - LEGO Pirates Torso without Arms - Men's summer sport coats - [graphic]

Mahama won NDC presidential primaries - Cat on books seen in Ischia Ponte, - robe longue de plage beauty roxy - Chocolate Frosted Cupcakes on a - Chefs for Seals Facebook Page - : facebook :
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Property of learned uncertainty

Image and Text uncertainties (DataComp small) Text uncertainty vs. text token length (CC3M)
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e Texts include image
e Shorter texts are more uncertain than longer texts



Image traversal with uncertainty

Query
images
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Resources

e Github: https://github.com/naver-ai/prolip
o Inference code & training code are available
e Model collections:
https://huggingface.co/collections/SanghyukChun/prolip-6712595dfc87fd8597350291

o ViT-B/16 from-scratch model
o ViT-L/16, ViT-SO400M/14, ViT-H/14 fine-tuned models
o LongProLIP models (ProLIP with longer text context)


https://github.com/naver-ai/prolip
https://huggingface.co/collections/SanghyukChun/prolip-6712595dfc87fd8597350291

