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(a) Joint Representation

constraint

(b) Coordinated Representation

(c) Encoder-decoder
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𝒏𝟏 𝒏𝟐

𝒙 = 𝒙𝟏, 𝒙𝟐, … , 𝒙𝒏𝟏

𝑻
, 𝒒 = 𝒒𝟏, 𝒒𝟐, … , 𝒒𝒏𝟐

𝑻

𝒙𝟏

𝒙𝟐

⋮
𝒙𝒏𝟏−𝟏

𝒙𝒏𝟏

 𝒒𝟏 𝒒𝟐 … 𝒒𝒏𝟐
𝒒𝒏𝟐

𝒙𝟏𝒒𝟏 𝒙𝟏𝒒

𝒙𝒏𝟏
𝒒𝟏 𝒙𝒏𝟏

𝒒

𝒏𝟏 × 𝟏 𝟏 × 𝒏𝟐 𝒏𝟏 × 𝒏𝟐
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𝒛 ∶ 𝒅 × 𝟏 (𝒏𝟏× 𝒏𝟐) × 𝟏





W  

∴ 𝑾:𝒅 × (𝒏𝟏× 𝒏𝟐)

<W dimension> 
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 + 
=(𝒏𝟏 × 𝒏𝟐)+(𝒅 × 𝒏𝟏 × 𝒏𝟐)





<Computational Cost> 
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 𝒉 ∈ 𝟏,… , 𝒌 𝒏 : h

 𝒔 ∈ −𝟏, 𝟏 𝒏 : 𝑠

𝒔 𝒉

𝟎,… , 𝟎 𝒌 :
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: 

i 1 2 3 4 5 6 7 8 9 10

2 3 9 7 5 6 3 1 0 9

𝒔 1 1 1 -1 1 -1 -1 1 1 1

𝒉 1 3 2 5 4 4 1 5 3 2

𝒔 2 3 9 -7 5 -6 -3 1 0 9
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: 

i 1 2 3 4 5 6 7 8 9 10

2 3 9 7 5 6 3 1 0 9

𝒔 1 1 1 -1 1 -1 -1 1 1 1

𝒉 1 3 2 5 4 4 1 5 3 2

𝒔 2 3 9 -7 5 -6 -3 1 0 9
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≪ (𝒏𝟏 × 𝒏𝟐)+(𝒅 × 𝒏𝟏 × 𝒏𝟐)

𝟐𝒏𝟏 + 𝟐𝒏𝟐 ≪ 𝑾:𝒅 × (𝒏𝟏× 𝒏𝟐)



35

L
S
T
M

T
i
l
e

MCB

C
O
N
V

C
O
N
V

W
-
S
U
M

2048 × 14 × 14

16𝑘 × 14 × 14

5
1
2

×
1
4

×
1
4

1
×

1
4

×
1
4

2048 × 14 × 14

2048



36

L
S
T
M

T
i
l
e

MCB

C
O
N
V

C
O
N
V

W
-
S
U
M

MCB
F
C

2048 × 14 × 14

16𝑘 × 14 × 14

5
1
2

×
1
4

×
1
4

1
×

1
4

×
1
4

2048 × 14 × 14

2048

2048

2048

16𝑘 3
0
0
0



37



38

⋮ ⋮ ⋮ ⋮

…



39

Modality1 + Modality2 Modality1

Modality2
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[𝐶𝑁𝑁𝜃𝑐
𝐼𝑏 ]
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𝑣 = 𝑊𝑚 𝐶𝑁𝑁𝜃𝑐
𝐼𝑏 + 𝑏𝑚

𝑣1

𝑣𝑖 1,… 20
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woman holding a fork with tomatois



51

𝒙𝒕

𝒔𝒕

𝒉𝒕
𝒃

𝒉𝒕
𝒇

woman holding a fork with tomatois

!



52



53



54

Modality1

Modality2

⋮ ⋮ ⋮ ⋮

…



55



56



57



58



59



60



61


