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② Shared Orthogonal 
Prefix Transform

③ Semantic Matryoshka Prefix Ladder
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Object-level semantics (dog, car, bird)

Object + attribute (black dog, red car)

Relation / action / event (dog lying on 
sailboat, person riding horse)

Full caption semantics (complete 
sentence matching)
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Preserved full VLM geometry 

Not the following：

Direct truncation

Generic MLP adapter

Separate image/text 
adapters

Adapter

Adapter

Our goal:
Prefix length = 

semantic

④ Training Objectives

1 Muti-Granularity Alignment

��/�� ↔ �� ��/� ↔ ��

��/� ↔ �� ��/�� ↔ ��

dog small black 
and white dog

dog laying 
down on a 
sailboat

small black and 
white dog laying 

down on a sailboat

2 Cumulative Retention
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Longer prefixes contain 
previous coarse semantics.

3 selective hard-negative ranking

Positive (match)

Small black and 
white dog laying 

down on a 
sailboat

object negative:
Small black and white cat laying down on a sailboat. 

attribute negative:
Small brown and white dog laying down on a sailboat. 

relation negative:
Small brown and white dog laying down under a sailboat. 

action negative:
Small black and white dog standing on a sailboat. 

order negative:
A sailboat laying down on a small black and white dog. 

full negative:
A small boat in the water and a person. 
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4 Early-prefix invariance

Early prefixes remain coarse and avoid premature fine-
grained discrimination
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