
• COR of                     : Their projections onto the shared space C align (Fig 3b, Thm4). 

• Pair Matching of                     :                     do not align (Fig 2c) and therefore can be mis-

matched (Fig 2c, Coro 1), hence worsen the performance. However, their normalized 

projections onto C align (Fig 2d, Coro 2). 
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• Modality Gap: Image embeddings (X) and text embeddings (Y) of a contrastive 

VLM are completely separated in the embeddings space.

• Q1: What causes modality gap?  

• Q2: How modality gap affects downstream performance? 

Fundamental Questions Empirical Proof of COR 

Preliminaries

• Optimal Convergent Representation (COR) : refers to the optimal configuration of the 

learned representations of (X, Y) at the global minimum of           .
 

• Model Initialization (Imagine): X and Y lie in two separated cone (Fig 1a).

• No Constraint: (X, Y) follow a paired uniform distribution and       = 0 (Fig 1b, Thm 1).  

• Cone Constraint: Modality gap       still converges to 0 (Fig 1c, Thm 2). 

• Model Initialization (Real): X and Y lie in two partially overlapping subspace (Fig 1d). 

• With Subspace Constraint: Modality gap converges to the angel of two hyperplane (or 

the weighted average of principal angles of two subspaces) (Fig 1e, Thm 3).  

Evidence of Representation Constraints

• Cone Constraint: I2T_min (> 0) in Fig 2a prove that X and Y lie in two separated cone. 

• Dimension Collapse:          (< 1) in Fig 2b prove that X and Y collapse into subspaces. 

• Subspace Constraint:                            in Fig 2c prove that two collapsed subspaces 

of X and Y are partially overlapped. Fig 2d shows principal angles between two collapsed 

subspaces of OpenCLIP ViT-B/32, further confirming this. 

What Causes Modality Gap?

Modality Gap and Downstream Performance

What Decides Downstream Performance

• No Constraint:        (> 0) in Fig 4a and           (> 0) in Fig 4b show the unconstrained 

optimum is NOT achieved (disprove Thm 1). There exists representation constraints.  

• Cone Constraint: No significant relationship between       and           . But           is 

positively correlated with           (Fig 4c, d and Tab 1). It shows cone effect alone does not 

cause modality gap and contrastive objective promotes intra-modal uniformity.

• Subspace Constraint:       is positively correlated with the weighted average of principal 

angles and     . And           is negatively correlated to shared space alignment            . (Fig 

5a,b and Tab 1). These suggest contrastive objective promotes shared space alignment.

• Performance: is positively 

correlated to SAlign (Fig 

5c and Tab 1). On the 

other hand, additional 

results show that modality 

gap has limited impact on 

the performance. 
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