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Supplementary Material

For convenience, the organization of the appendix is as fol-
lows:
• Technical details: Section 1, 2, 3, 4;
• Experimental details and more results: Section 5, 6, 7, 8,

9;
• Discussion of VLM: Section 10.

1. Optimization in Competition Process
The goal of the optimization in step one of competition pro-
cess is to compute the descent direction for updating the
linear mapping gθm

. Inspired by [8], we use parameter of
the prediction layer to calculate the corresponding gradient,
enabling us to leverage backpropagation and the chain rule
to update all parameters in the linear mapping gθm . Note
that [8] aims to update in the training stage, while in this
work we update parameters in the inference stage.

Denote the prediction layer of gθ as θl ∈ Rd×k, where
d is the hidden dimension size and k refers to number
of classes. Here, we flatten θl ∈ Rd·k into a vector
for clarity and computation convenience. We could also
levarage Einstein summation convention in Pytorch, that is
“torch.einsum”, to obtain same output.

Recall the optimization problem in step one of competi-
tion process that is non-smooth:

min
θl

max
zm∈Z

fzm(θl). (1)

where fzm(θl) = {Lhier(gθl
m
(zm), yt), zm ∈ Z}.

First we establish differentiability for maxzm∈Z{fzm(θl)}.
Specifically, during the iteration of eliminating n =
argmaxzm∈Z{Lhier(F(gθl(zm)), yt)}}, we smooth max()
function by linearizing fzm at θl

n and obtain the convex ap-
proximation as follows:

max
zm∈Z

{fzm(θl
n) + ⟨∇fzm(θl

n),θ
l − θl

n⟩}︸ ︷︷ ︸
linearization term

. (2)

Next, in order to find a guaranteed and stable descent direc-
tion, a regularization term ∥θl − θl

n∥2 is added. Denote the
descent direction as δ = θl − θl

n. The discrete min-max
problem now is equivalent to

min
δ,ν

∥δ ∥2 + ν

s.t. fzm(θl
n) + ⟨∇fzm(θl

n), δ⟩ ≤ ν, ∀zm ∈ Z.
(3)

Problem (3) is a semi-definite quadratic programming (QP)
since we choose ℓ2 norm as the regularization term. Widely

used QP algorithms, such as the active-set method, are time-
consuming because their complexity depends on the dimen-
sion size d. Thus we turn to the dual problem. Consider the
Lagrange multiplier λ ∈ Rq for problem (3), where q = |Z|
refers to the number of elements in Z:

L(δ,ν;λ) =
1

2
∥δ∥2 + ν

+
∑

zm∈Z

λzm

(
fzm(θl

n) + ⟨∇fzm(θl
n), δ⟩ − ν

)
. (4)

According to the strong duality theorem, the minimum of
the original problem is equal to the maximum of the dual
problem under specific constraints:

min
δ,ν

max
λ≥0

L(δ, ν;λ) = max
λ≥0

min
δ,ν

L(δ, ν;λ). (5)

Let G = ∇θl
m
fzm ∈ Rq×(d·k). By setting e = 1, the above

problem is equivalent to

max
λ≥0

min
δ,ν

(1
2
∥δ∥2 + ν + λT (fzm +Gδ − νe)

)
. (6)

Note that
1

2
∥δ∥2 + ν + λT (fzm +Gδ − νe)

=
1

2
∥δ∥2 + λT (fzm +Gδ) + ν(1− λTe). (7)

If 1 − λTe ̸= 0, the objective function will be −∞. Thus,
we must have 1−λTe = 0 when the maximum is attained.
The problem is converted to

max∑
zm∈Z λzm=1,λzm≥0

min
δ

1

2
∥δ∥2 + λTGδ + λT fzm . (8)

Let the gradient of the inner minimization term to be zero,
we have solution δ = −GTλ ∈ Rd·k. By changing the
sign of (8), the maximization term is reduced to

min
λ

(
1

2
λTGGTλ− λT fzm)

s.t.
∑

zm∈Z

λzm = 1,λzm ≥ 0.
(9)

Suppose λ is the solution of the QP problem, then δ =
−GTλ ∈ Rd·k is the solution of problem (3).

Therefore, we have (9) that is the same as (14) in the
main paper. Note that after we leverage Lagrange multi-
plier λ, the the complexity depends on the q, which is much
smaller than hidden dimension d, so that the calculation ef-
ficiency is also improved.



Algorithm 1 Competition and Coordination Process.
Input: The set of hierarchical emotion representation Z =
{zc, zb, zh}. The linear mappings gθm ,m ∈ {c,b,h},
with flattened prediction layer θl

m ∈ Rd·k. The vocabu-
lary informed pseudo label yt. The objective function of
emotion classification Lhier. Let q = |Z| refers to the num-
ber of elements in Z.
Output: Refined multi-level feature {ẑc; ẑb; ẑh}.
• Competition Process:
while q > 1 do

Step 1:
n = argmaxzm∈Z{Lhier(gθm

(zm), yt)}
fzm = {Lhier(gθm

(zm), yt), zm ∈ Z}
G = ∇θlfzm ∈ Rq×(d·k)

Solve Lagrange multiplier λ:
min
λ

( 12λ
TGGTλ− fTλ)

s.t.
∑

zm∈Z λzm = 1,λzm ≥ 0
if q = |Z| then
δ = −GTλ

else
δ = δ −GTλ

end if
Step 2:
Z = Z−n # Eliminate zn in Z
q = q − 1

end while
• Coordination Process:
θ̃c ← θl

c + δ; θ̃b ← θl
b + δ; θ̃h ← θl

h + δ.
ẑc = gθ̃c

(zc); ẑb = gθ̃b
(zb); ẑh = gθ̃h

(zh)
return {ẑc; ẑb; ẑh}

2. Algorithm

We offer Algorithm 1 to conclude the emotion selection and
emotion representation refinement within the workspace.
We clarify the input and output at the beginning of algo-
rithm so as to highlight the function of competition and co-
ordination process.

3. Details of Different FFN

In our proposed framework, each module has its feed-
forward network (FFN) block, and all the activation func-
tion is set to GELU, as depicted in Fig. 1. The network
input dimension and structure vary according to the frame-
work architecture:
• FFN0: In hierarchical feature extraction module, the in-

put dimension N · dh of FFN0 is the flattened embedding
dimension of cross-level attention, where N refers to the
patch number. The output dimension is d, which is same
as the dimension of zm.

• FFN1: In vocabulary-informed module, the input di-
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Figure 1. The FFN structures in our proposed framework.

mension size kd of FFN1 is the flattened feature size of
ωT Ûimg. The output dimension is equal to the number
of emotion class k. Note that we extract the embedded
feature zt from FFN1.

• FFN2: The input dimension of FFN2 in workspace mod-
ule is 4d, which corresponds to the dimension of the con-
catenated feature zG.

4. Variations of Parameter Updating

In the competition and coordination process within the
workspace, we provide two comparable options for the pro-
posed inference-stage parameter update method, as shown
in Fig 2. Type one is the proposed method that updates all
the parameters for the linear mapping gθm

. Type two is the
variation which involves updating only the parameters of
the respective gθ. For example, if the competition process
eliminates the context and head levels, we update the pa-
rameters of the context linear mapping gθc and head linear
mapping gθh . Based on the performance results in Fig. 2, we
observe that the performance of type one is better than that
of type two. This is because one of the feature levels is not
refined, causing the concatenated feature to be less seman-
tic than when we update all the linear mappings to obtain all
the refined features. Nevertheless, the performance of type
two is higher than that of other baseline methods on both
datasets.

5. Implementation Details

In the hierarchical feature extraction (HFE) module, we fol-
low the settings in [10] to segment windows for head and
body and ensured that all images contain head and body
windows. We utilize ResNet-50 initialized with ImageNet
pre-trained weights as the backbone to extract features for
all the above-mentioned windows. All inputs are resized to
(224, 224). The feature map size is (7, 7, 2048). We set the
patch size p to 2 and use zero-padding for feature maps to
ensure they are divisible by p. The hidden dimension dh of
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<latexit sha1_base64="BMW/uH1PGTauxcvLBK2t/xcIZKk=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIXiyJFPVY9OKxgv3ANpTNdtMu3WzC7kSsIb/EiwdFvPpTvPlv3LY5aOuDgcd7M8zM82PBNTjOt1VYWV1b3yhulra2d3bL9t5+S0eJoqxJIxGpjk80E1yyJnAQrBMrRkJfsLY/vp767QemNI/kHUxi5oVkKHnAKQEj9e1yD9gj+EF6n/XTU5n17YpTdWbAy8TNSQXlaPTtr94goknIJFBBtO66TgxeShRwKlhW6iWaxYSOyZB1DZUkZNpLZ4dn+NgoAxxEypQEPFN/T6Qk1HoS+qYzJDDSi95U/M/rJhBceimXcQJM0vmiIBEYIjxNAQ+4YhTExBBCFTe3YjoiilAwWZVMCO7iy8ukdVZ1z6u121qlfpXHUUSH6AidIBddoDq6QQ3URBQl6Bm9ojfryXqx3q2PeWvBymcO0B9Ynz84q5N3</latexit>

Z�n
<latexit sha1_base64="Zjm5mUJKs/O8tb9Fgmh2ldjVmIo=">AAACBXicbVDLSgMxFM34rPU16lIXwSK4scxIUTdC0Y3LCvaBbRkyaaYNzWSG5I5Yhm7c+CtuXCji1n9w59+YtgNq64ELJ+fcS+49fiy4Bsf5submFxaXlnMr+dW19Y1Ne2u7pqNEUValkYhUwyeaCS5ZFTgI1ogVI6EvWN3vX478+h1TmkfyBgYxa4ekK3nAKQEjefZeC9g9+EF6O8Tn+OfhpUdy6NkFp+iMgWeJm5ECylDx7M9WJ6JJyCRQQbRuuk4M7ZQo4FSwYb6VaBYT2idd1jRUkpDpdjq+YogPjNLBQaRMScBj9fdESkKtB6FvOkMCPT3tjcT/vGYCwVk75TJOgEk6+ShIBIYIjyLBHa4YBTEwhFDFza6Y9ogiFExweROCO33yLKkdF92TYum6VChfZHHk0C7aR4fIRaeojK5QBVURRQ/oCb2gV+vRerberPdJ65yVzeygP7A+vgGp9Jix</latexit>

Z = Z�n

Head Level: Body Level: Context Level: 

<latexit sha1_base64="CR5gUl4XvlO4Sl7dhMU/XOyOTMw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRS1GXRjcsK9gFNCJPJpB06mQkzE6GE7tz4K25cKOLWX3Dn3zhps9DWC8MczrmXe+4JU0aVdpxvq7Kyura+Ud2sbW3v7O7Z+wddJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U+i9ByIVFfxeT1LiJ2jIaUwx0oYK7GMvFCxSk8R8uRcRptE08BKkR2Gc42lg152GMyu4DNwS1EFZ7cD+8iKBs4RwjRlSauA6qfZzJDXFjExrXqZIivAYDcnAQI4Sovx8dscUnhomgrGQ5nENZ+zviRwlqrBqOguHalEryP+0QabjKz+nPM004Xi+KM4Y1AIWocCISoI1mxiAsKTGK8QjJBHWJrqaCcFdPHkZdM8b7kWjedest67LOKrgCJyAM+CCS9ACt6ANOgCDR/AMXsGb9WS9WO/Wx7y1YpUzh+BPWZ8/emWaWQ==</latexit>

�c

<latexit sha1_base64="CR5gUl4XvlO4Sl7dhMU/XOyOTMw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRS1GXRjcsK9gFNCJPJpB06mQkzE6GE7tz4K25cKOLWX3Dn3zhps9DWC8MczrmXe+4JU0aVdpxvq7Kyura+Ud2sbW3v7O7Z+wddJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U+i9ByIVFfxeT1LiJ2jIaUwx0oYK7GMvFCxSk8R8uRcRptE08BKkR2Gc42lg152GMyu4DNwS1EFZ7cD+8iKBs4RwjRlSauA6qfZzJDXFjExrXqZIivAYDcnAQI4Sovx8dscUnhomgrGQ5nENZ+zviRwlqrBqOguHalEryP+0QabjKz+nPM004Xi+KM4Y1AIWocCISoI1mxiAsKTGK8QjJBHWJrqaCcFdPHkZdM8b7kWjedest67LOKrgCJyAM+CCS9ACt6ANOgCDR/AMXsGb9WS9WO/Wx7y1YpUzh+BPWZ8/emWaWQ==</latexit>

�c
<latexit sha1_base64="e6BWxDVwu1eoCZmrqTGX/e43+04=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRS1GXRjcsK9gFNCJPJpB06mQkzE6GE7tz4K25cKOLWX3Dn3zhps9DWC8MczrmXe+4JU0aVdpxvq7Kyura+Ud2sbW3v7O7Z+wddJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U+i9ByIVFfxeT1LiJ2jIaUwx0oYK7GMvFCxSk8R8uRcRptE08BKkR2Gcj6aBXXcazqzgMnBLUAdltQP7y4sEzhLCNWZIqYHrpNrPkdQUMzKteZkiKcJjNCQDAzlKiPLz2R1TeGqYCMZCmsc1nLG/J3KUqMKq6SwcqkWtIP/TBpmOr/yc8jTThOP5ojhjUAtYhAIjKgnWbGIAwpIarxCPkERYm+hqJgR38eRl0D1vuBeN5l2z3rou46iCI3ACzoALLkEL3II26AAMHsEzeAVv1pP1Yr1bH/PWilXOHII/ZX3+AIH+ml4=</latexit>

�h

<latexit sha1_base64="e6BWxDVwu1eoCZmrqTGX/e43+04=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRS1GXRjcsK9gFNCJPJpB06mQkzE6GE7tz4K25cKOLWX3Dn3zhps9DWC8MczrmXe+4JU0aVdpxvq7Kyura+Ud2sbW3v7O7Z+wddJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U+i9ByIVFfxeT1LiJ2jIaUwx0oYK7GMvFCxSk8R8uRcRptE08BKkR2Gcj6aBXXcazqzgMnBLUAdltQP7y4sEzhLCNWZIqYHrpNrPkdQUMzKteZkiKcJjNCQDAzlKiPLz2R1TeGqYCMZCmsc1nLG/J3KUqMKq6SwcqkWtIP/TBpmOr/yc8jTThOP5ojhjUAtYhAIjKgnWbGIAwpIarxCPkERYm+hqJgR38eRl0D1vuBeN5l2z3rou46iCI3ACzoALLkEL3II26AAMHsEzeAVv1pP1Yr1bH/PWilXOHII/ZX3+AIH+ml4=</latexit>

�h
<latexit sha1_base64="CR5gUl4XvlO4Sl7dhMU/XOyOTMw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRS1GXRjcsK9gFNCJPJpB06mQkzE6GE7tz4K25cKOLWX3Dn3zhps9DWC8MczrmXe+4JU0aVdpxvq7Kyura+Ud2sbW3v7O7Z+wddJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U+i9ByIVFfxeT1LiJ2jIaUwx0oYK7GMvFCxSk8R8uRcRptE08BKkR2Gc42lg152GMyu4DNwS1EFZ7cD+8iKBs4RwjRlSauA6qfZzJDXFjExrXqZIivAYDcnAQI4Sovx8dscUnhomgrGQ5nENZ+zviRwlqrBqOguHalEryP+0QabjKz+nPM004Xi+KM4Y1AIWocCISoI1mxiAsKTGK8QjJBHWJrqaCcFdPHkZdM8b7kWjedest67LOKrgCJyAM+CCS9ACt6ANOgCDR/AMXsGb9WS9WO/Wx7y1YpUzh+BPWZ8/emWaWQ==</latexit>

�c
<latexit sha1_base64="e6BWxDVwu1eoCZmrqTGX/e43+04=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRS1GXRjcsK9gFNCJPJpB06mQkzE6GE7tz4K25cKOLWX3Dn3zhps9DWC8MczrmXe+4JU0aVdpxvq7Kyura+Ud2sbW3v7O7Z+wddJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U+i9ByIVFfxeT1LiJ2jIaUwx0oYK7GMvFCxSk8R8uRcRptE08BKkR2Gcj6aBXXcazqzgMnBLUAdltQP7y4sEzhLCNWZIqYHrpNrPkdQUMzKteZkiKcJjNCQDAzlKiPLz2R1TeGqYCMZCmsc1nLG/J3KUqMKq6SwcqkWtIP/TBpmOr/yc8jTThOP5ojhjUAtYhAIjKgnWbGIAwpIarxCPkERYm+hqJgR38eRl0D1vuBeN5l2z3rou46iCI3ACzoALLkEL3II26AAMHsEzeAVv1pP1Yr1bH/PWilXOHII/ZX3+AIH+ml4=</latexit>

�h Shared Parameter Upda;ng Path

<latexit sha1_base64="k04RyDtHKkg2vytouohZF4gFXuA=">AAACC3icbVC7TsMwFHXKq5RXgJElaoXEVCUIAWMFC2OR6ENqo8pxblqrzkP2DaKKsrPwKywMIMTKD7DxN7htBmg5kuXjc+6V7z1eIrhC2/42Siura+sb5c3K1vbO7p65f9BWcSoZtFgsYtn1qALBI2ghRwHdRAINPQEdb3w99Tv3IBWPozucJOCGdBjxgDOKWhqY1azvxcJXk1BfWR9HgDTPB5rBA3pBxvTDrNl1ewZrmTgFqZECzYH51fdjloYQIRNUqZ5jJ+hmVCJnAvJKP1WQUDamQ+hpGtEQlJvNdsmtY634VhBLfSK0ZurvjoyGajqtrgwpjtSiNxX/83opBpduxqMkRYjY/KMgFRbG1jQYy+cSGIqJJpRJrme12IhKylDHV9EhOIsrL5P2ad05r5/dntUaV0UcZXJEquSEOOSCNMgNaZIWYeSRPJNX8mY8GS/Gu/ExLy0ZRc8h+QPj8wd0ZpyY</latexit>

✓c

<latexit sha1_base64="ZzzmdXiCAJCQFLm/yNDpNqJk8ZY=">AAACC3icbVC7TsMwFHXKq5RXgZElaoXEVCUIAWMFC2OR6ENqqspxb1qrjhPZN4gqys7Cr7AwgBArP8DG3+C0HaDlSJaPz7lXvvf4seAaHefbKqysrq1vFDdLW9s7u3vl/YOWjhLFoMkiEamOTzUILqGJHAV0YgU09AW0/fF17rfvQWkeyTucxNAL6VDygDOKRuqXK6nnR2KgJ6G5Ug9HgDTL+obBA/pB6ptHuerUnCnsZeLOSZXM0eiXv7xBxJIQJDJBte66Toy9lCrkTEBW8hINMWVjOoSuoZKGoHvpdJfMPjbKwA4iZY5Ee6r+7khpqPNpTWVIcaQXvVz8z+smGFz2Ui7jBEGy2UdBImyM7DwYe8AVMBQTQyhT3MxqsxFVlKGJr2RCcBdXXiat05p7Xju7PavWr+ZxFMkRqZAT4pILUic3pEGahJFH8kxeyZv1ZL1Y79bHrLRgzXsOyR9Ynz9y4JyX</latexit>

✓b

<latexit sha1_base64="92u1dJKQ0w8VH8kKhztD368XqMI=">AAACE3icbVDLSsNAFJ34rPVVdekmWARxURIp6rLoxmUF+4AmlMnkph06eTBzI5aQf3Djr7hxoYhbN+78G6dtFtp6YJgz59zL3Hu8RHCFlvVtLC2vrK6tlzbKm1vbO7uVvf22ilPJoMViEcuuRxUIHkELOQroJhJo6AnoeKPrid+5B6l4HN3hOAE3pIOIB5xR1FK/cuogFz5kmePFwlfjUF+Zg0NAmud5X1N4QC/IPP2oVK2aNYW5SOyCVEmBZr/y5fgxS0OIkAmqVM+2EnQzKpEzAXnZSRUklI3oAHqaRjQE5WbTnXLzWCu+GcRSnwjNqfq7I6OhmoyrK0OKQzXvTcT/vF6KwaWb8ShJESI2+yhIhYmxOQnI9LkEhmKsCWWS61lNNqSSMtQxlnUI9vzKi6R9VrPPa/XberVxVcRRIofkiJwQm1yQBrkhTdIijDySZ/JK3own48V4Nz5mpUtG0XNA/sD4/AFB66BN</latexit>

✓̃b <latexit sha1_base64="56knyWxj4PSDAW47Ia3HWQ6+RWo=">AAACE3icbVDLSsNAFJ34rPVVdekmWARxURIp6rLoxmUF+4AmlMnkph06eTBzI5aQf3Djr7hxoYhbN+78G6dtFtp6YJgz59zL3Hu8RHCFlvVtLC2vrK6tlzbKm1vbO7uVvf22ilPJoMViEcuuRxUIHkELOQroJhJo6AnoeKPrid+5B6l4HN3hOAE3pIOIB5xR1FK/cuogFz5kmePFwlfjUF+Zg0NAmud5X1N4QC/ImH5UqlbNmsJcJHZBqqRAs1/5cvyYpSFEyARVqmdbCboZlciZgLzspAoSykZ0AD1NIxqCcrPpTrl5rBXfDGKpT4TmVP3dkdFQTcbVlSHFoZr3JuJ/Xi/F4NLNeJSkCBGbfRSkwsTYnARk+lwCQzHWhDLJ9awmG1JJGeoYyzoEe37lRdI+q9nntfptvdq4KuIokUNyRE6ITS5Ig9yQJmkRRh7JM3klb8aT8WK8Gx+z0iWj6Dkgf2B8/gBDcaBO</latexit>

✓̃c

<latexit sha1_base64="5546UcHC7PwfRZiT3qCTHjNox3g=">AAACP3icbVA9T8MwEHX4pnwVGFksKiSmKkEIGCtYGEGiLVJTVY5zaSycOLIvQBXln7HwF9hYWRhAiJUN92OAwkmWn967p7t7QSaFQdd9dmZm5+YXFpeWKyura+sb1c2tllG55tDkSip9HTADUqTQRIESrjMNLAkktIObs6HevgVthEqvcJBBN2H9VESCM7RUr9ryAyVDM0jsV/gYA7KyZwHcYxAVcVlSX4t+jExrdUd9FDKE4h/PlKlXrbl1d1T0L/AmoEYmddGrPvmh4nkCKXLJjOl4bobdgmkUXEJZ8XMDGeM3rA8dC1OWgOkWo/tLumeZkEZK25ciHbE/HQVLzHBd25kwjM20NiT/0zo5RifdQqRZjpDy8aAolxQVHYZJQ6GBoxxYwLgWdlfKY6YZRxt5xYbgTZ/8F7QO6t5R/fDysNY4ncSxRHbILtknHjkmDXJOLkiTcPJAXsgbeXcenVfnw/kct844E882+VXO1zcFC7O1</latexit>

✓h ! ✓̃h

<latexit sha1_base64="Rbc0juadLV4KSgJEHzfwBv7SOnI=">AAACP3icbVA9T8MwEHX4pnwVGFksKiSmKkEIGCtYGEGipVJTVY5zaa06cWRfgCrKP2PhL7CxsjCAECsbbukAbU+y/PTePd3dC1IpDLruizM3v7C4tLyyWlpb39jcKm/vNIzKNIc6V1LpZsAMSJFAHQVKaKYaWBxIuA36F0P99g60ESq5wUEK7Zh1ExEJztBSnXLDD5QMzSC2X+5jD5AVHQvgAYMoD4qC+lp0e8i0VvfURyFDyGd4JkydcsWtuqOi08AbgwoZ11Wn/OyHimcxJMglM6bluSm2c6ZRcAlFyc8MpIz3WRdaFiYsBtPOR/cX9MAyIY2Uti9BOmL/OnIWm+G6tjNm2DOT2pCcpbUyjM7auUjSDCHhv4OiTFJUdBgmDYUGjnJgAeNa2F0p7zHNONrISzYEb/LkadA4qnon1ePr40rtfBzHCtkj++SQeOSU1MgluSJ1wskjeSXv5MN5ct6cT+frt3XOGXt2yb9yvn8A8WqzqQ==</latexit>

✓b ! ✓̃b

<latexit sha1_base64="vPcuNTAEwNj70LsFtTLry8bpxU8=">AAACP3icbVA9T8MwEHX4pnwVGFksKiSmKkEIGCtYGEGipVJTVY5zaa06cWRfgCrKP2PhL7CxsjCAECsbbukAbU+y/PTePd3dC1IpDLruizM3v7C4tLyyWlpb39jcKm/vNIzKNIc6V1LpZsAMSJFAHQVKaKYaWBxIuA36F0P99g60ESq5wUEK7Zh1ExEJztBSnXLDD5QMzSC2X+5jD5AVHQvgAYMo50VBfS26PWRaq3vqo5Ah5DM8E6ZOueJW3VHRaeCNQYWM66pTfvZDxbMYEuSSGdPy3BTbOdMouISi5GcGUsb7rAstCxMWg2nno/sLemCZkEZK25cgHbF/HTmLzXBd2xkz7JlJbUjO0loZRmftXCRphpDw30FRJikqOgyThkIDRzmwgHEt7K6U95hmHG3kJRuCN3nyNGgcVb2T6vH1caV2Po5jheyRfXJIPHJKauSSXJE64eSRvJJ38uE8OW/Op/P12zrnjD275F853z/0rbOr</latexit>

✓c ! ✓̃c

Step 2

Step 1

Step 2

Step 1

<latexit sha1_base64="W+K6OQx9/zh7sB/vwplTAeGGhD4=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSRS1GPRi8cK9gOaUDbbSbt0swm7EzGE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSATX6DjfVmltfWNzq7xd2dnd2z+oHh51dJwqBm0Wi1j1AqpBcAlt5CiglyigUSCgG0xuZ373EZTmsXzALAE/oiPJQ84oGsnLBh7CEwZhjtNBtebUnTnsVeIWpEYKtAbVL28YszQCiUxQrfuuk6CfU4WcCZhWvFRDQtmEjqBvqKQRaD+f3zy1z4wytMNYmZJoz9XfEzmNtM6iwHRGFMd62ZuJ/3n9FMNrP+cySREkWywKU2FjbM8CsIdcAUORGUKZ4uZWm42pogxNTBUTgrv88irpXNTdy3rjvlFr3hRxlMkJOSXnxCVXpEnuSIu0CSMJeSav5M1KrRfr3fpYtJasYuaY/IH1+QO9/JIo</latexit>yt
<latexit sha1_base64="W+K6OQx9/zh7sB/vwplTAeGGhD4=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSRS1GPRi8cK9gOaUDbbSbt0swm7EzGE/g0vHhTx6p/x5r9x2+agrQ8GHu/NMDMvSATX6DjfVmltfWNzq7xd2dnd2z+oHh51dJwqBm0Wi1j1AqpBcAlt5CiglyigUSCgG0xuZ373EZTmsXzALAE/oiPJQ84oGsnLBh7CEwZhjtNBtebUnTnsVeIWpEYKtAbVL28YszQCiUxQrfuuk6CfU4WcCZhWvFRDQtmEjqBvqKQRaD+f3zy1z4wytMNYmZJoz9XfEzmNtM6iwHRGFMd62ZuJ/3n9FMNrP+cySREkWywKU2FjbM8CsIdcAUORGUKZ4uZWm42pogxNTBUTgrv88irpXNTdy3rjvlFr3hRxlMkJOSXnxCVXpEnuSIu0CSMJeSav5M1KrRfr3fpYtJasYuaY/IH1+QO9/JIo</latexit>yt

<latexit sha1_base64="4wRSvuG+UcXUmSBTIq1kefDw4Jg="></latexit>

max
zm2Z

{Lhier(g✓m
(zm), yt)}

<latexit sha1_base64="4wRSvuG+UcXUmSBTIq1kefDw4Jg="></latexit>

max
zm2Z

{Lhier(g✓m
(zm), yt)}

Competition Process

Coordination Process

<latexit sha1_base64="7wLLBqk3Feua8N31X/xoPb0FOTI=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy4r2AdOh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaT29zvPlGlmRQPZprQIMYjwSJGsLGS34+xGYdR9jhDg2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnYu6d1lv3DdqzZuijjKcwCmcgwdX0IQ7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/LDaRMQ==</latexit>

Z

<latexit sha1_base64="PvND65F2dsqNY+fqHns7wvFdQkQ=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUmkqMuiG5cV7APaUCbTSTt0MgkzE6GGgL/ixoUibv0Od/6NkzaCth4YOJxzL/fM8WPOlHacL2tpeWV1bb20Ud7c2t7Ztff2WypKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2x9e5376nUrFI3OlJTL0QDwULGMHaSH37sBdiPfKD9CHr/1CS9e2KU3WmQIvELUgFCjT69mdvEJEkpEITjpXquk6svRRLzQinWbmXKBpjMsZD2jVU4JAqL53Gz9CJUQYoiKR5QqOp+nsjxaFSk9A3k3lCNe/l4n9eN9HBpZcyESeaCjI7FCQc6QjlXaABk5RoPjEEE8lMVkRGWGKiTWNlU4I7/+VF0jqruufV2m2tUr8q6ijBERzDKbhwAXW4gQY0gUAKT/ACr9aj9Wy9We+z0SWr2DmAP7A+vgE16pZO</latexit>zc
<latexit sha1_base64="d+KuX2L40Q7lhFh49mRuUJBMypU=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUmkqMuiG5cV7APaUCbTSTt0MgkzE6GGgL/ixoUibv0Od/6NkzaCth4YOJxzL/fM8WPOlHacL2tpeWV1bb20Ud7c2t7Ztff2WypKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2x9e5376nUrFI3OlJTL0QDwULGMHaSH37sBdiPfKD9CHr/1A/69sVp+pMgRaJW5AKFGj07c/eICJJSIUmHCvVdZ1YeymWmhFOs3IvUTTGZIyHtGuowCFVXjqNn6ETowxQEEnzhEZT9fdGikOlJqFvJvOEat7Lxf+8bqKDSy9lIk40FWR2KEg40hHKu0ADJinRfGIIJpKZrIiMsMREm8bKpgR3/suLpHVWdc+rtdtapX5V1FGCIziGU3DhAupwAw1oAoEUnuAFXq1H69l6s95no0tWsXMAf2B9fAM0ZZZN</latexit>zb
<latexit sha1_base64="UD1rCNtYOXoOwyKboeYLQkm1Wv8=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUmkqMuiG5cV7APaUCbTSTt0MgkzE6GGgL/ixoUibv0Od/6NkzaCth4YOJxzL/fM8WPOlHacL2tpeWV1bb20Ud7c2t7Ztff2WypKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2x9e5376nUrFI3OlJTL0QDwULGMHaSH37sBdiPfKD9CHr/9BR1rcrTtWZAi0StyAVKNDo25+9QUSSkApNOFaq6zqx9lIsNSOcZuVeomiMyRgPaddQgUOqvHQaP0MnRhmgIJLmCY2m6u+NFIdKTULfTOYJ1byXi/953UQHl17KRJxoKsjsUJBwpCOUd4EGTFKi+cQQTCQzWREZYYmJNo2VTQnu/JcXSeus6p5Xa7e1Sv2qqKMER3AMp+DCBdThBhrQBAIpPMELvFqP1rP1Zr3PRpesYucA/sD6+AY9g5ZT</latexit>zh

<latexit sha1_base64="PvND65F2dsqNY+fqHns7wvFdQkQ=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUmkqMuiG5cV7APaUCbTSTt0MgkzE6GGgL/ixoUibv0Od/6NkzaCth4YOJxzL/fM8WPOlHacL2tpeWV1bb20Ud7c2t7Ztff2WypKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2x9e5376nUrFI3OlJTL0QDwULGMHaSH37sBdiPfKD9CHr/1CS9e2KU3WmQIvELUgFCjT69mdvEJEkpEITjpXquk6svRRLzQinWbmXKBpjMsZD2jVU4JAqL53Gz9CJUQYoiKR5QqOp+nsjxaFSk9A3k3lCNe/l4n9eN9HBpZcyESeaCjI7FCQc6QjlXaABk5RoPjEEE8lMVkRGWGKiTWNlU4I7/+VF0jqruufV2m2tUr8q6ijBERzDKbhwAXW4gQY0gUAKT/ACr9aj9Wy9We+z0SWr2DmAP7A+vgE16pZO</latexit>zc
<latexit sha1_base64="d+KuX2L40Q7lhFh49mRuUJBMypU=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUmkqMuiG5cV7APaUCbTSTt0MgkzE6GGgL/ixoUibv0Od/6NkzaCth4YOJxzL/fM8WPOlHacL2tpeWV1bb20Ud7c2t7Ztff2WypKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2x9e5376nUrFI3OlJTL0QDwULGMHaSH37sBdiPfKD9CHr/1A/69sVp+pMgRaJW5AKFGj07c/eICJJSIUmHCvVdZ1YeymWmhFOs3IvUTTGZIyHtGuowCFVXjqNn6ETowxQEEnzhEZT9fdGikOlJqFvJvOEat7Lxf+8bqKDSy9lIk40FWR2KEg40hHKu0ADJinRfGIIJpKZrIiMsMREm8bKpgR3/suLpHVWdc+rtdtapX5V1FGCIziGU3DhAupwAw1oAoEUnuAFXq1H69l6s95no0tWsXMAf2B9fAM0ZZZN</latexit>zb
<latexit sha1_base64="UD1rCNtYOXoOwyKboeYLQkm1Wv8=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUmkqMuiG5cV7APaUCbTSTt0MgkzE6GGgL/ixoUibv0Od/6NkzaCth4YOJxzL/fM8WPOlHacL2tpeWV1bb20Ud7c2t7Ztff2WypKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2x9e5376nUrFI3OlJTL0QDwULGMHaSH37sBdiPfKD9CHr/9BR1rcrTtWZAi0StyAVKNDo25+9QUSSkApNOFaq6zqx9lIsNSOcZuVeomiMyRgPaddQgUOqvHQaP0MnRhmgIJLmCY2m6u+NFIdKTULfTOYJ1byXi/953UQHl17KRJxoKsjsUJBwpCOUd4EGTFKi+cQQTCQzWREZYYmJNo2VTQnu/JcXSeus6p5Xa7e1Sv2qqKMER3AMp+DCBdThBhrQBAIpPMELvFqP1rP1Zr3PRpesYucA/sD6+AY9g5ZT</latexit>zh

<latexit sha1_base64="d+KuX2L40Q7lhFh49mRuUJBMypU=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUmkqMuiG5cV7APaUCbTSTt0MgkzE6GGgL/ixoUibv0Od/6NkzaCth4YOJxzL/fM8WPOlHacL2tpeWV1bb20Ud7c2t7Ztff2WypKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2x9e5376nUrFI3OlJTL0QDwULGMHaSH37sBdiPfKD9CHr/1A/69sVp+pMgRaJW5AKFGj07c/eICJJSIUmHCvVdZ1YeymWmhFOs3IvUTTGZIyHtGuowCFVXjqNn6ETowxQEEnzhEZT9fdGikOlJqFvJvOEat7Lxf+8bqKDSy9lIk40FWR2KEg40hHKu0ADJinRfGIIJpKZrIiMsMREm8bKpgR3/suLpHVWdc+rtdtapX5V1FGCIziGU3DhAupwAw1oAoEUnuAFXq1H69l6s95no0tWsXMAf2B9fAM0ZZZN</latexit>zb
<latexit sha1_base64="UD1rCNtYOXoOwyKboeYLQkm1Wv8=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUmkqMuiG5cV7APaUCbTSTt0MgkzE6GGgL/ixoUibv0Od/6NkzaCth4YOJxzL/fM8WPOlHacL2tpeWV1bb20Ud7c2t7Ztff2WypKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2x9e5376nUrFI3OlJTL0QDwULGMHaSH37sBdiPfKD9CHr/9BR1rcrTtWZAi0StyAVKNDo25+9QUSSkApNOFaq6zqx9lIsNSOcZuVeomiMyRgPaddQgUOqvHQaP0MnRhmgIJLmCY2m6u+NFIdKTULfTOYJ1byXi/953UQHl17KRJxoKsjsUJBwpCOUd4EGTFKi+cQQTCQzWREZYYmJNo2VTQnu/JcXSeus6p5Xa7e1Sv2qqKMER3AMp+DCBdThBhrQBAIpPMELvFqP1rP1Zr3PRpesYucA/sD6+AY9g5ZT</latexit>zh

<latexit sha1_base64="d+KuX2L40Q7lhFh49mRuUJBMypU=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUmkqMuiG5cV7APaUCbTSTt0MgkzE6GGgL/ixoUibv0Od/6NkzaCth4YOJxzL/fM8WPOlHacL2tpeWV1bb20Ud7c2t7Ztff2WypKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2x9e5376nUrFI3OlJTL0QDwULGMHaSH37sBdiPfKD9CHr/1A/69sVp+pMgRaJW5AKFGj07c/eICJJSIUmHCvVdZ1YeymWmhFOs3IvUTTGZIyHtGuowCFVXjqNn6ETowxQEEnzhEZT9fdGikOlJqFvJvOEat7Lxf+8bqKDSy9lIk40FWR2KEg40hHKu0ADJinRfGIIJpKZrIiMsMREm8bKpgR3/suLpHVWdc+rtdtapX5V1FGCIziGU3DhAupwAw1oAoEUnuAFXq1H69l6s95no0tWsXMAf2B9fAM0ZZZN</latexit>zb
<latexit sha1_base64="UD1rCNtYOXoOwyKboeYLQkm1Wv8=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUmkqMuiG5cV7APaUCbTSTt0MgkzE6GGgL/ixoUibv0Od/6NkzaCth4YOJxzL/fM8WPOlHacL2tpeWV1bb20Ud7c2t7Ztff2WypKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2x9e5376nUrFI3OlJTL0QDwULGMHaSH37sBdiPfKD9CHr/9BR1rcrTtWZAi0StyAVKNDo25+9QUSSkApNOFaq6zqx9lIsNSOcZuVeomiMyRgPaddQgUOqvHQaP0MnRhmgIJLmCY2m6u+NFIdKTULfTOYJ1byXi/953UQHl17KRJxoKsjsUJBwpCOUd4EGTFKi+cQQTCQzWREZYYmJNo2VTQnu/JcXSeus6p5Xa7e1Sv2qqKMER3AMp+DCBdThBhrQBAIpPMELvFqP1rP1Zr3PRpesYucA/sD6+AY9g5ZT</latexit>zh

<latexit sha1_base64="CR5gUl4XvlO4Sl7dhMU/XOyOTMw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRS1GXRjcsK9gFNCJPJpB06mQkzE6GE7tz4K25cKOLWX3Dn3zhps9DWC8MczrmXe+4JU0aVdpxvq7Kyura+Ud2sbW3v7O7Z+wddJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U+i9ByIVFfxeT1LiJ2jIaUwx0oYK7GMvFCxSk8R8uRcRptE08BKkR2Gc42lg152GMyu4DNwS1EFZ7cD+8iKBs4RwjRlSauA6qfZzJDXFjExrXqZIivAYDcnAQI4Sovx8dscUnhomgrGQ5nENZ+zviRwlqrBqOguHalEryP+0QabjKz+nPM004Xi+KM4Y1AIWocCISoI1mxiAsKTGK8QjJBHWJrqaCcFdPHkZdM8b7kWjedest67LOKrgCJyAM+CCS9ACt6ANOgCDR/AMXsGb9WS9WO/Wx7y1YpUzh+BPWZ8/emWaWQ==</latexit>

�c

Solve Eq. (14) Solve Eq. (14)
<latexit sha1_base64="BMW/uH1PGTauxcvLBK2t/xcIZKk=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIXiyJFPVY9OKxgv3ANpTNdtMu3WzC7kSsIb/EiwdFvPpTvPlv3LY5aOuDgcd7M8zM82PBNTjOt1VYWV1b3yhulra2d3bL9t5+S0eJoqxJIxGpjk80E1yyJnAQrBMrRkJfsLY/vp767QemNI/kHUxi5oVkKHnAKQEj9e1yD9gj+EF6n/XTU5n17YpTdWbAy8TNSQXlaPTtr94goknIJFBBtO66TgxeShRwKlhW6iWaxYSOyZB1DZUkZNpLZ4dn+NgoAxxEypQEPFN/T6Qk1HoS+qYzJDDSi95U/M/rJhBceimXcQJM0vmiIBEYIjxNAQ+4YhTExBBCFTe3YjoiilAwWZVMCO7iy8ukdVZ1z6u121qlfpXHUUSH6AidIBddoDq6QQ3URBQl6Bm9ojfryXqx3q2PeWvBymcO0B9Ynz84q5N3</latexit>

Z�n

<latexit sha1_base64="BMW/uH1PGTauxcvLBK2t/xcIZKk=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEIXiyJFPVY9OKxgv3ANpTNdtMu3WzC7kSsIb/EiwdFvPpTvPlv3LY5aOuDgcd7M8zM82PBNTjOt1VYWV1b3yhulra2d3bL9t5+S0eJoqxJIxGpjk80E1yyJnAQrBMrRkJfsLY/vp767QemNI/kHUxi5oVkKHnAKQEj9e1yD9gj+EF6n/XTU5n17YpTdWbAy8TNSQXlaPTtr94goknIJFBBtO66TgxeShRwKlhW6iWaxYSOyZB1DZUkZNpLZ4dn+NgoAxxEypQEPFN/T6Qk1HoS+qYzJDDSi95U/M/rJhBceimXcQJM0vmiIBEYIjxNAQ+4YhTExBBCFTe3YjoiilAwWZVMCO7iy8ukdVZ1z6u121qlfpXHUUSH6AidIBddoDq6QQ3URBQl6Bm9ojfryXqx3q2PeWvBymcO0B9Ynz84q5N3</latexit>

Z�n
<latexit sha1_base64="Zjm5mUJKs/O8tb9Fgmh2ldjVmIo=">AAACBXicbVDLSgMxFM34rPU16lIXwSK4scxIUTdC0Y3LCvaBbRkyaaYNzWSG5I5Yhm7c+CtuXCji1n9w59+YtgNq64ELJ+fcS+49fiy4Bsf5submFxaXlnMr+dW19Y1Ne2u7pqNEUValkYhUwyeaCS5ZFTgI1ogVI6EvWN3vX478+h1TmkfyBgYxa4ekK3nAKQEjefZeC9g9+EF6O8Tn+OfhpUdy6NkFp+iMgWeJm5ECylDx7M9WJ6JJyCRQQbRuuk4M7ZQo4FSwYb6VaBYT2idd1jRUkpDpdjq+YogPjNLBQaRMScBj9fdESkKtB6FvOkMCPT3tjcT/vGYCwVk75TJOgEk6+ShIBIYIjyLBHa4YBTEwhFDFza6Y9ogiFExweROCO33yLKkdF92TYum6VChfZHHk0C7aR4fIRaeojK5QBVURRQ/oCb2gV+vRerberPdJ65yVzeygP7A+vgGp9Jix</latexit>

Z = Z�n

Head Level: Body Level: Context Level:

<latexit sha1_base64="CR5gUl4XvlO4Sl7dhMU/XOyOTMw=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRS1GXRjcsK9gFNCJPJpB06mQkzE6GE7tz4K25cKOLWX3Dn3zhps9DWC8MczrmXe+4JU0aVdpxvq7Kyura+Ud2sbW3v7O7Z+wddJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U+i9ByIVFfxeT1LiJ2jIaUwx0oYK7GMvFCxSk8R8uRcRptE08BKkR2Gc42lg152GMyu4DNwS1EFZ7cD+8iKBs4RwjRlSauA6qfZzJDXFjExrXqZIivAYDcnAQI4Sovx8dscUnhomgrGQ5nENZ+zviRwlqrBqOguHalEryP+0QabjKz+nPM004Xi+KM4Y1AIWocCISoI1mxiAsKTGK8QjJBHWJrqaCcFdPHkZdM8b7kWjedest67LOKrgCJyAM+CCS9ACt6ANOgCDR/AMXsGb9WS9WO/Wx7y1YpUzh+BPWZ8/emWaWQ==</latexit>

�c<latexit sha1_base64="e6BWxDVwu1eoCZmrqTGX/e43+04=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRS1GXRjcsK9gFNCJPJpB06mQkzE6GE7tz4K25cKOLWX3Dn3zhps9DWC8MczrmXe+4JU0aVdpxvq7Kyura+Ud2sbW3v7O7Z+wddJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U+i9ByIVFfxeT1LiJ2jIaUwx0oYK7GMvFCxSk8R8uRcRptE08BKkR2Gcj6aBXXcazqzgMnBLUAdltQP7y4sEzhLCNWZIqYHrpNrPkdQUMzKteZkiKcJjNCQDAzlKiPLz2R1TeGqYCMZCmsc1nLG/J3KUqMKq6SwcqkWtIP/TBpmOr/yc8jTThOP5ojhjUAtYhAIjKgnWbGIAwpIarxCPkERYm+hqJgR38eRl0D1vuBeN5l2z3rou46iCI3ACzoALLkEL3II26AAMHsEzeAVv1pP1Yr1bH/PWilXOHII/ZX3+AIH+ml4=</latexit>

�h

<latexit sha1_base64="e6BWxDVwu1eoCZmrqTGX/e43+04=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRS1GXRjcsK9gFNCJPJpB06mQkzE6GE7tz4K25cKOLWX3Dn3zhps9DWC8MczrmXe+4JU0aVdpxvq7Kyura+Ud2sbW3v7O7Z+wddJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U+i9ByIVFfxeT1LiJ2jIaUwx0oYK7GMvFCxSk8R8uRcRptE08BKkR2Gcj6aBXXcazqzgMnBLUAdltQP7y4sEzhLCNWZIqYHrpNrPkdQUMzKteZkiKcJjNCQDAzlKiPLz2R1TeGqYCMZCmsc1nLG/J3KUqMKq6SwcqkWtIP/TBpmOr/yc8jTThOP5ojhjUAtYhAIjKgnWbGIAwpIarxCPkERYm+hqJgR38eRl0D1vuBeN5l2z3rou46iCI3ACzoALLkEL3II26AAMHsEzeAVv1pP1Yr1bH/PWilXOHII/ZX3+AIH+ml4=</latexit>

�h

<latexit sha1_base64="k04RyDtHKkg2vytouohZF4gFXuA=">AAACC3icbVC7TsMwFHXKq5RXgJElaoXEVCUIAWMFC2OR6ENqo8pxblqrzkP2DaKKsrPwKywMIMTKD7DxN7htBmg5kuXjc+6V7z1eIrhC2/42Siura+sb5c3K1vbO7p65f9BWcSoZtFgsYtn1qALBI2ghRwHdRAINPQEdb3w99Tv3IBWPozucJOCGdBjxgDOKWhqY1azvxcJXk1BfWR9HgDTPB5rBA3pBxvTDrNl1ewZrmTgFqZECzYH51fdjloYQIRNUqZ5jJ+hmVCJnAvJKP1WQUDamQ+hpGtEQlJvNdsmtY634VhBLfSK0ZurvjoyGajqtrgwpjtSiNxX/83opBpduxqMkRYjY/KMgFRbG1jQYy+cSGIqJJpRJrme12IhKylDHV9EhOIsrL5P2ad05r5/dntUaV0UcZXJEquSEOOSCNMgNaZIWYeSRPJNX8mY8GS/Gu/ExLy0ZRc8h+QPj8wd0ZpyY</latexit>

✓c

<latexit sha1_base64="ZzzmdXiCAJCQFLm/yNDpNqJk8ZY=">AAACC3icbVC7TsMwFHXKq5RXgZElaoXEVCUIAWMFC2OR6ENqqspxb1qrjhPZN4gqys7Cr7AwgBArP8DG3+C0HaDlSJaPz7lXvvf4seAaHefbKqysrq1vFDdLW9s7u3vl/YOWjhLFoMkiEamOTzUILqGJHAV0YgU09AW0/fF17rfvQWkeyTucxNAL6VDygDOKRuqXK6nnR2KgJ6G5Ug9HgDTL+obBA/pB6ptHuerUnCnsZeLOSZXM0eiXv7xBxJIQJDJBte66Toy9lCrkTEBW8hINMWVjOoSuoZKGoHvpdJfMPjbKwA4iZY5Ee6r+7khpqPNpTWVIcaQXvVz8z+smGFz2Ui7jBEGy2UdBImyM7DwYe8AVMBQTQyhT3MxqsxFVlKGJr2RCcBdXXiat05p7Xju7PavWr+ZxFMkRqZAT4pILUic3pEGahJFH8kxeyZv1ZL1Y79bHrLRgzXsOyR9Ynz9y4JyX</latexit>

✓b

<latexit sha1_base64="04lZr/5saZh8P5BwYBoeBKG3Cek=">AAACC3icbVC7TsMwFHXKq5RXgJElaoXEVCUIAWMFC2OR6ENqo8pxbxqrzkP2DaKKsrPwKywMIMTKD7DxN7htBmg5kuXjc+6V7z1eIrhC2/42Siura+sb5c3K1vbO7p65f9BWcSoZtFgsYtn1qALBI2ghRwHdRAINPQEdb3w99Tv3IBWPozucJOCGdBRxnzOKWhqY1azvxWKoJqG+sj4GgDTPB5rBA3p+FuiHWbPr9gzWMnEKUiMFmgPzqz+MWRpChExQpXqOnaCbUYmcCcgr/VRBQtmYjqCnaURDUG422yW3jrUytPxY6hOhNVN/d2Q0VNNpdWVIMVCL3lT8z+ul6F+6GY+SFCFi84/8VFgYW9NgrCGXwFBMNKFMcj2rxQIqKUMdX0WH4CyuvEzap3XnvH52e1ZrXBVxlMkRqZIT4pAL0iA3pElahJFH8kxeyZvxZLwY78bHvLRkFD2H5A+Mzx98BJyd</latexit>

✓h
<latexit sha1_base64="b+RICE72GJ9JDwXC7CwO1eTh+5I=">AAACE3icbVDLSsNAFJ34rPVVdekmWARxURIp6rLoxmUF+4AmlMnkph06eTBzI5aQf3Djr7hxoYhbN+78G6dtFtp6YJgz59zL3Hu8RHCFlvVtLC2vrK6tlzbKm1vbO7uVvf22ilPJoMViEcuuRxUIHkELOQroJhJo6AnoeKPrid+5B6l4HN3hOAE3pIOIB5xR1FK/cuogFz5kmePFwlfjUF+Zg0NAmud5X1N4QC/IhvpRqVo1awpzkdgFqZICzX7ly/FjloYQIRNUqZ5tJehmVCJnAvKykypIKBvRAfQ0jWgIys2mO+XmsVZ8M4ilPhGaU/V3R0ZDNRlXV4YUh2rem4j/eb0Ug0s341GSIkRs9lGQChNjcxKQ6XMJDMVYE8ok17OabEglZahjLOsQ7PmVF0n7rGaf1+q39WrjqoijRA7JETkhNrkgDXJDmqRFGHkkz+SVvBlPxovxbnzMSpeMoueA/IHx+QNLD6BT</latexit>

✓̃h

<latexit sha1_base64="56knyWxj4PSDAW47Ia3HWQ6+RWo=">AAACE3icbVDLSsNAFJ34rPVVdekmWARxURIp6rLoxmUF+4AmlMnkph06eTBzI5aQf3Djr7hxoYhbN+78G6dtFtp6YJgz59zL3Hu8RHCFlvVtLC2vrK6tlzbKm1vbO7uVvf22ilPJoMViEcuuRxUIHkELOQroJhJo6AnoeKPrid+5B6l4HN3hOAE3pIOIB5xR1FK/cuogFz5kmePFwlfjUF+Zg0NAmud5X1N4QC/ImH5UqlbNmsJcJHZBqqRAs1/5cvyYpSFEyARVqmdbCboZlciZgLzspAoSykZ0AD1NIxqCcrPpTrl5rBXfDGKpT4TmVP3dkdFQTcbVlSHFoZr3JuJ/Xi/F4NLNeJSkCBGbfRSkwsTYnARk+lwCQzHWhDLJ9awmG1JJGeoYyzoEe37lRdI+q9nntfptvdq4KuIokUNyRE6ITS5Ig9yQJmkRRh7JM3klb8aT8WK8Gx+z0iWj6Dkgf2B8/gBDcaBO</latexit>

✓̃c
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Next Iteration Next Iteration

Datasets Type One Type Two

EMOTIC (mAP) 37.32 35.14
CAER-S (Acc.) 91.86 88.82

Figure 2. Comparison with two type of parameter updating in competition and coordination process.

feature map projection E and dimension d of linear mapping
gθm are set to (1024, 256). We use multi-head cross-level
attention for all T h,c,T b,c,T c,c , and head number is set to
3 for both datasets.

Adam is used as the optimizer with weight decay 0.0005.
For EMOTIC, we use a batch size of 64 to train the model
of total 9 epochs with an initial learning rate 0.00006 and a
reduction factor 0.01 every 3 epochs. For CAER-S which
is twice larger than EMOTIC, we train the model with a
batch size of 96 for a total of 70 epochs. The initial learning
rate is 0.00008, and gradually decays by a factor of 0.5 ev-
ery 20 epochs. Our method is implemented on Pytorch and
trained on Nivida-A100. The framework comprises approx-
imately 352.14 million parameters. The computational cost
for inference on a single sample is 0.25±0.012 seconds. At
last, we set random seeds to assess the performance of all
the baselines. The standard deviation of recognition perfor-
mance is reported in Table 1 and Table 2.

6. More Results of Ablations Studies

6.1. Image Feature Extractor

In Tab. 3, we present the ablation studies of image fea-
ture extractor (FE) for hierarchical feature extraction (in
Sec 3.1 of the main paper) and vocabulary-informed mod-
ule (in Sec 3.2 of the main paper). For hierarchical feature
extractor, our comparison reveals that the model’s represen-
tation capability is not sensitive to the number of model pa-
rameters. Changing the architecture of the extraction back-
bones also does not affect recognition performance. Within
the vocabulary-informed module, we find that the CLIP

Methods Accuracy (%)

BLIP2-6.7b [2] (2022) 14.21 ± 0.42
LLaVa-1.6-7b [4] (2023) 28.59 ± 0.22
GPT-4o [6] (2024) 29.33 ± 0.16

Li et al. [3] (2021) 32.41 ± 0.51
Hoang et al. [1] (2021) 35.16 ± 0.24
Mittal et al. [5] (2020) 35.48 ± 0.37
Wu et al. [9] (2024) 26.68 ± 0.28

Ours 37.32 ± 0.05

Table 1. Performance comparisons on EMOTIC test split.

Methods Accuracy (%)

CLIP-ViT-L [7] (2021) 21.57 ± 0.57
BLIP2-6.7b [2] (2022) 14.21 ± 0.44
LLaVa-1.6-7b [4] (2023) 28.59 ± 0.19
GPT-4o [6] (2024) 29.33 ± 0.20

EfficientFace [12] (2021) 85.87 ± 0.24
MA-Net [11] (2021) 88.42 ± 0.28
Li et al. [3] (2021) 84.42 ± 0.34
Wu et al. [9] (2024) 90.83 ± 0.17

Ours 91.86± 0.11

Table 2. Performance comparisons on CAER-S test split.

image encoder CLIP-RN50 outperforms the transformer-
based structure. Overall, the feature extractors in both mod-
ules have a relatively minor impact on the overall perfor-
mance of emotion recognition in a hierarchical manner.



6.2. Hyperparameters
The ablation results of hyperparameters are presented in
Tab. 4. We have the following observations:
• Tab. 4(a) provides hidden dimension dh of linear pro-

jections for feature maps and encoding dimension d for
all linear mapping and embedded feature. It can be ob-
served that using dimension of (1024, 256) significantly
achieves better performance than (512, 128), but there are
no significant improvements when the dimension exceeds
(1024, 256).

• In Tab. 4(b), we demonstrate the effectiveness of hyper-
parameters α of the loss function in Section 3.4. It is ev-
ident that without applying regularization α∥δ∥22 for loss
function, that is α = 0, recognition performance shows
subpar results.

• In Tab. 4(c), we clarify the weight of learning rate for
Lemo, denoted as {βc, βb, βh, βt, βG} with respect to each
component of Lemo. We provide several different weight-
ing strategies. From top to bottom in Tab 4(c), they are
”balanced,” ”emphasizing V-I and Workspace,” ”empha-
sizing V-I,” ”emphasizing Workspace,” and ”emphasizing
HFE.” As seen in the first row, when we use the balanced
weights, the model’s performance is the best. From the
other rows in the table, we can conclude that as the value
of βG increases, the model’s performance improves, in-
dicating that the overall performance of the model relies
on the integrated features in the workspace. Additionally,
we conducted an assessment of the presence of each loss
component at each level by individually setting β of each
level to a constant value while setting the remaining levels
to zero. Upon examining the last three rows of the table,
it is evident that omitting any of the loss components at a
given level results in a significant decline in performance.

• In Tab. 4(d), we show that a smaller patch size leads to the
best performance for cross-level attention. This indicates
that constructing correlations between two image levels
necessitates smaller image granularity.

6.3. Combined Loss Function
Since our method depends on multi-level input, with each
level having its own recognition results and loss, we want
to compare the effectiveness of different loss combinations
that can enhance model performance. In Tab. 4(e), we
conduct ablation study for combined loss Lemo. First, we
use only the loss from the concatenated feature (LG), and
the performance turned out to be lower than that of Lemo.
Nevetheless, our framework can still be trained without
the supervision of the hierarchical feature extraction (HFE)
module. Next, we combine the concatenated loss with the
vocabulary informed loss, that is Lt + LG, but the perfor-
mance was even worse than merely applying LG. It indi-
cates that when HFE predictions do not influence Lemo, the
vocabulary-informed loss Lt deteriorates the emotion rep-

Hierarchical
Image FE (Sec 3.1)

Vocabulary-Informed
Image FE (Sec 3.2) mAP

VGG-16

CLIP-RN50

35.38
DenseNet-161 35.91

ResNet-50 37.32
ResNet-101 36.59
ResNet-152 36.33

ResNet-50

CLIP-RN50 37.32
CLIP-RN50x16 36.21
CLIP-RN50x64 36.05

CLIP-B/16 35.76
CLIP-B/32 35.52

Table 3. Ablation studies of image feature extractor (FE) on
EMOTIC dataset.
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Figure 3. Comparison with different structure of gθ .

resentation of the backbones in the HFE module.

6.4. Structure of the Mappings

In our framework, gθ is set as simple linear mapping for
the multi-level feature. Here, we discuss the effectiveness
of different network structure for gθ, shown in Fig. 3. We
compare the linear mapping, denoted as FC, with ResNet-
50 and ViT-16. The parameter updating in workspace for
ResNet-50 and ViT-16 also follows the chain rule and back-
propagation. We empirically find that a linear mapping
yields competitive recognition results compared to the other
two larger networks across both datasets. Additionally,
ResNet-50 shows relatively higher performance than ViT-
16 on CAER-S, while it displays the lowest performance on
EMOTIC. Thus, this indicates that emotional feature refine-
ment does not depend on the representational ability of θ in
our proposed framework, allowing us to directly choose the
linear mapping for inference efficiency using a lightweight
model.



dh, d mAP

512, 128 35.05
1024, 256 37.32
2048, 512 36.89
3072, 768 36.44
4096, 1024 36.03

(a) Varying d for encoding dimension of gθ .

α mAP

0.0 34.81
0.1 37.32
0.4 36.70
0.8 36.16
1.0 35.87

(b) Varying α for controlling the dependency
of δ.

{βc, βb, βh, βt, βG} mAP

{0.2, 0.2, 0.2, 0.2, 0.2} 37.32
{0.1, 0.1, 0.1, 0.35, 0.35} 36.57
{0.2, 0.2, 0.2, 0.3, 0.1} 34.93
{0.2, 0.2, 0.2, 0.1, 0.3} 37.05
{0.3, 0.3, 0.3, 0.05, 0.05} 35.19

{0.4, 0.0, 0.0, 0.3, 0.3} 35.77
{0.0, 0.4, 0.0, 0.3, 0.3} 34.30
{0.0, 0.0, 0.4, 0.3, 0.3} 35.43

(c) Varying β for controlling the weight of re-
spective loss in Lemo.

p mAP

2 37.32
3 35.93
4 36.77

(d) Varying patch size p.

Lemo mAP

Lemo = LG 36.46
Lemo = Lt + LG 35.09
Lemo (ours) 37.32

(e) Varying combined loss Lemo.

Table 4. Additional ablation experiments on EMOTIC.

7. Saliency Maps of Multi-Level Feature

To illustrate the refinement of multi-level feature by up-
dating gθ in inference-stage, we employed the widely-
acknowledged Grad-CAM to show how the workspace
module refines the multi-level features, as depicted in
Fig. 4. By examining the saliency maps related to the head,
body, and context, our workspace module adjusts parameter
weights to focus on more semantic regions. For example, in
the body level shown in the left part of Fig. 4, the saliency
maps of θ̃ identify regions that are more semantically rel-
evant than those identified by θ, displaying a binge-eating
action. For the head level in all three examples, the visual-
ization indicates that θ̃ leads to more focused attention on
facial organ, whereas θ deviates towards facial contours and
the background. These visual outcomes demonstrate that
our proposed method enhances multi-level semantic rep-
resentation through the inference-stage parameter updating
method.

8. More Results On EMOTIC Datasets

We present additional qualitative studies on the EMOTIC
Dataset in Fig. 5. It can be observed that, under the guidance
of Vocabulary Informed (V-I) Alignment, the workspace
module has eliminated conflicting emotional information
at three different image levels, thereby achieving consis-
tent global emotional recognition. For example, in the
first row of Fig. 5, the context and body level information
leads to emotional disturbances (specifically, “Disconnec-
tion” in body level and “Excitement” in context level) for
the child. Under the emotion selection mechanism of the

global workspace, one can identify the head as the primary
level that has the most significant impact on emotions, thus
optimizing the final emotional output. In the last row, we
observe that using only V-I for emotional recognition is in-
sufficient because the emotion “anticipation” does not show
in the V-I result but exist in the final prediction. It indicates
that, through the regularization of the selection process, the
final emotional recognition results are not limited by the V-I
recognition outcomes.

9. More Results On CAER-S Datasets
We display additional case studies on CAER-S dataset in
Fig. 6. In the task of single-label emotion recognition, the
proposed method also display effectiveness. When differ-
ent emotion recognition results appear at all image levels,
such as in the first three rows of Fig. 6, we are able to lever-
age the V-I pseudo labels to refine visual selection methods.
Additionally, we observe that body-level features tend to be
eliminated in the first iteration, and this result is consistent
with Tab. 5, which shows that the percentage of eliminated
body-level features in the first iteration is 88.15%. Our pro-
posed method adaptively selects the most consistent level of
features and rectifies the final recognition result on single-
label emotion recognition task.

10. Discussion on Emotion Recognition for
VLM

10.1. Failure Cases Caused by Multi-Level Inputs
The recognition results from the VLM are surprisingly
lower than those of other baseline models. We observe
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Figure 4. We display saliency map comparison of multi-level image feature. θ̃ refers to the updated parameters of linear mappings after
coordination process. Semantic regions, highlighted in yellow boxes, are successfully inferred using the updated linear mappings.

Dataset Context Body Head

EMOTIC 10.73 25.50 63.77
CAER-S 06.21 88.15 05.64

Table 5. We report the percentage (%) of the level that is first ex-
cluded by our framework on both datasets. It shows that different
datasets have different levels of image, which conflicts with the
final emotion recognition results.

that the performance of the VLM is potentially deteriorated
by inconsistent multi-level predictions. In Fig. 7, we con-
duct case studies using whole image inputs (left column)
and multi-level inputs (right column) for GPT-4o, employ-
ing respective prompts to display multi-level results. For
example, in the middle row of Fig. 7, one incorrect label,
“Annoyance”, appears in the original result, and the body-
level input (Image 2) also produces the same incorrect label.
It indicates that the VLM combines results from multi-level
inputs but struggles to filter out inconsistent emotion pre-
dictions. Although prevailing VLMs consider multi-scale
effects on tokenized image representation, it is also neces-
sary to incorporate multi-level feature alignment to improve
emotion recognition performance.

10.2. Improve VLM via Our Framework
In the main paper, we use modified prompts or multi-
level inputs to improve emotion recognition performance by
eliminating inconsistent level κ. Here, we provide detailed
descriptions of the modified prompts and multi-level inputs
for the emotion recognition results of VLM ( using GPT-4o
as example). From the results of two datasets, EMOTIC and
CAER-S, we display the emotionally consistent prediction
with ground-truth label (in blue) has been inferred through
the modified multi-level inputs or prompt.
• Multi-Levelκ: We compare the generated results from

single image input and multi-level inputs on EMOTIC in
Fig. 8. We display the same input image, specifically the
one in the first row of Fig 7 and Fig. 8. By eliminating the
body level, which contains the label “Doubt/Confusion”,
our modified multi-level image successfully removes this
confusing label and predicts “Fatigue” which is present in
the ground truth (GT) labels.

• Promptκ: In Fig. 9, we add “Please avoid potentially in-
consistent recognition result from {κ}” to the prompt on
CAER-S dataset. We demonstrate that the results are suc-
cessfully rectified by our modified prompt.

10.3. Limitation and Future Work
Limitation. Due to the efficacy of person-centric multi-
level alignment, our method is well-suited in complex
scenes. One potential limitation is that if individuals in dif-
ferent crowds interact with each other in different emotions,
we should extend multi-level feature extraction to a multi-
crowd manner.
Future work. Aligning multi-level inconsistent predictions
is a potential way to enhance VLM performance. In the
future, beyond just inputs and prompts, we will dive into
the VLM model in terms of training and fine-tuning, lead-
ing to a more fundamental improvement of emotion recog-
nition capability. However, to the best of our knowledge,
there are no previous works that focus on multi-level feature
alignment that is able to generalize in a multi-task paradigm
within VLM architecture. We leave this challenge for future
research.
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<latexit sha1_base64="nBpeLSjLUZ9EESLCP34+ByWGMfI=">AAACFnicbVC7SgNBFJ31GeMrammzGAQbw26Ij0YI2lhYRDAPSEKYndxNhszOLjN3xbDsV9j4KzYWitiKnX/j5FFo4oGBM+fcy8w5XiS4Rsf5thYWl5ZXVjNr2fWNza3t3M5uTYexYlBloQhVw6MaBJdQRY4CGpECGngC6t7gauTX70FpHso7HEbQDmhPcp8zikbq5I5bAcU+oyK5STtJC+EBZagCc+9zUGl6MZY8P3ELxZO0k8s7BWcMe564U5InU1Q6ua9WN2RxABKZoFo3XSfCdkIVciYgzbZiDRFlA9qDpqGSBqDbyThWah8apWv7oTJHoj1Wf28kNNB6GHhmchRCz3oj8T+vGaN/3k64jGIEySYP+bGwMbRHHdldroChGBpCmeLmrzbrU0UZmiazpgR3NvI8qRUL7mmhdFvKly+ndWTIPjkgR8QlZ6RMrkmFVAkjj+SZvJI368l6sd6tj8nogjXd2SN/YH3+AO8UoHU=</latexit>Lhier = 1.25

<latexit sha1_base64="CDV8Zr9a8miHNiuCoUTj0XKuT98=">AAACD3icbVC7SgNBFJ2NrxhfUUubxaBYhd0YfBRC0MbCIoJ5QBLC7OQmGTI7u8zcFcOyf2Djr9hYKGJra+ffOHkUmnhg4Mw593LvPV4ouEbH+bZSC4tLyyvp1cza+sbmVnZ7p6qDSDGosEAEqu5RDYJLqCBHAfVQAfU9ATVvcDXya/egNA/kHQ5DaPm0J3mXM4pGamcPmz7FPqMivknacRPhAWWgfPPvc1BJchEX8sfnSTubc/LOGPY8cackR6Yot7NfzU7AIh8kMkG1brhOiK2YKuRMQJJpRhpCyga0Bw1DJfVBt+LxPYl9YJSO3Q2UeRLtsfq7I6a+1kPfM5Wj7fWsNxL/8xoRds9aMZdhhCDZZFA3EjYG9igcu8MVMBRDQyhT3Oxqsz5VlKGJMGNCcGdPnifVQt49yRdvi7nS5TSONNkj++SIuOSUlMg1KZMKYeSRPJNX8mY9WS/Wu/UxKU1Z055d8gfW5w8R8p1M</latexit>Lhier = 2.39
<latexit sha1_base64="S4bubNQp9Az4X55orO7BllxmjAg=">AAACD3icbVC7SgNBFJ31GeNr1dJmMShWYVdCTCMEbSwsIpgHJCHMTm6SIbOzy8xdMSz7Bzb+io2FIra2dv6Nk0ehiQcGzpxzL/fe40eCa3Tdb2tpeWV1bT2zkd3c2t7Ztff2azqMFYMqC0WoGj7VILiEKnIU0IgU0MAXUPeHV2O/fg9K81De4SiCdkD7kvc4o2ikjn3SCigOGBXJTdpJWggPKEMVmP+Ag0rTi8TLF0tpx865eXcCZ5F4M5IjM1Q69lerG7I4AIlMUK2bnhthO6EKOROQZluxhoiyIe1D01BJA9DtZHJP6hwbpev0QmWeRGei/u5IaKD1KPBN5Xh7Pe+Nxf+8Zoy9UjvhMooRJJsO6sXCwdAZh+N0uQKGYmQIZYqbXR02oIoyNBFmTQje/MmLpHaW94r5wm0hV76cxZEhh+SInBKPnJMyuSYVUiWMPJJn8krerCfrxXq3PqalS9as54D8gfX5AxN3nU0=</latexit>Lhier = 1.68

<latexit sha1_base64="Yyt9uQ5VhluIf9Hvc1XcV6NWWNs=">AAACFnicbVC7SgNBFJ31GeMrammzGAQbw64JaiMEbSwsIpgHJCHMTu4mQ2Znl5m7Ylj2K2z8FRsLRWzFzr9x8ig08cDAmXPuZeYcLxJco+N8WwuLS8srq5m17PrG5tZ2bme3psNYMaiyUISq4VENgkuoIkcBjUgBDTwBdW9wNfLr96A0D+UdDiNoB7Qnuc8ZRSN1csetgGKfUZHcpJ2khfCAMlSBufc5qDS9GEuen7iFYjHt5PJOwRnDnifulOTJFJVO7qvVDVkcgEQmqNZN14mwnVCFnAlIs61YQ0TZgPagaaikAeh2Mo6V2odG6dp+qMyRaI/V3xsJDbQeBp6ZHIXQs95I/M9rxuiftxMuoxhBsslDfixsDO1RR3aXK2AohoZQprj5q836VFGGpsmsKcGdjTxPaicF97RQui3ly5fTOjJknxyQI+KSM1Im16RCqoSRR/JMXsmb9WS9WO/Wx2R0wZru7JE/sD5/AO2QoHQ=</latexit>Lhier = 1.33

<latexit sha1_base64="t2BfTm/przksj6YXPh3gwr2TK5U=">AAACFnicbVC7SgNBFJ31GeNr1dJmMQg2hl0JaiMEbSwsIpgHJCHMTu4mQ2Znl5m7Ylj2K2z8FRsLRWzFzr9x8ig08cDAmXPuZeYcPxZco+t+WwuLS8srq7m1/PrG5ta2vbNb01GiGFRZJCLV8KkGwSVUkaOARqyAhr6Auj+4Gvn1e1CaR/IOhzG0Q9qTPOCMopE69nErpNhnVKQ3WSdtITygjFRo7n0OKssuxpIfpF7R9bKOXXCL7hjOPPGmpECmqHTsr1Y3YkkIEpmgWjc9N8Z2ShVyJiDLtxINMWUD2oOmoZKGoNvpOFbmHBql6wSRMkeiM1Z/b6Q01HoY+mZyFELPeiPxP6+ZYHDeTrmMEwTJJg8FiXAwckYdOV2ugKEYGkKZ4uavDutTRRmaJvOmBG828jypnRS902LptlQoX07ryJF9ckCOiEfOSJlckwqpEkYeyTN5JW/Wk/VivVsfk9EFa7qzR/7A+vwB5fSgbw==</latexit>Lhier = 1.01

Figure 5. Case study of randomly sampled results on EMOTIC. The V-I column shows the pseudo labels of vocabulary informed module.
We illustrate the elimination of inconsistent recognition results in orange, which are not shown in either the V-I column or the prediction
column.
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Anger Happy Neutral Anger

BodyHead Context V-I (Pseudo label)
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Fear
Disgust Surprise Fear Fear

BodyHead Context V-I (Pseudo label)

Exclusion Sequence: (1) Head → (2) Body → (3) Context

GT

Fear

Prediction

<latexit sha1_base64="22uxiBRrtdx+3sXfFUxJY+97yA0=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoE3ZDUBshaGNhEcE8IAlhdnI3GTL7YOauGJb9Bht/xcZCEVsrO//GyaPQxAvDnDnnXu6c40ZSaLTtbyuztLyyupZdz21sbm3v5Hf36jqMFYcaD2Womi7TIEUANRQooRkpYL4roeEOr8Z64x6UFmFwh6MIOj7rB8ITnKGhuvmTts9wwJlMbtJu0kZ4wGQgQKUpvaCTp+sldtEupd18wdyToovAmYECmVW1m/9q90Ie+xAgl0zrlmNH2EmYQsElpLl2rCFifMj60DIwYD7oTjKxlNIjw/SoFypzAqQT9vdEwnytR75rOscG9Lw2Jv/TWjF6551EBFGMEPDpIi+WFEM6zof2hAKOcmQA40qYv1I+YIpxNCnmTAjOvOVFUC8VndNi+bZcqFzO4siSA3JIjolDzkiFXJMqqRFOHskzeSVv1pP1Yr1bH9PWjDWb2Sd/yvr8AYosnf4=</latexit>Lhier = 0.02

<latexit sha1_base64="zohIeC2H1vnjjNZ1Ht6iIlbGK2I=">AAACCXicbVA9SwNBEN2LXzF+RS1tFoNgFe5MUBshaGNhEcF8QBLC3maSLNn7YHdODMe1Nv4VGwtFbP0Hdv4b95IUmvhg4PHeDDPz3FAKjbb9bWWWlldW17LruY3Nre2d/O5eXQeR4lDjgQxU02UapPChhgIlNEMFzHMlNNzRVeo37kFpEfh3OA6h47GBL/qCMzRSN0/bHsMhZzK+SbpxG+EB46EAlST0gtrFUqmbL9hFewK6SJwZKZAZqt38V7sX8MgDH7lkWrccO8ROzBQKLiHJtSMNIeMjNoCWoT7zQHfiyScJPTJKj/YDZcpHOlF/T8TM03rsuaYzvVvPe6n4n9eKsH/eiYUfRgg+ny7qR5JiQNNYaE8o4CjHhjCuhLmV8iFTjKMJL2dCcOZfXiT1k6JzWizflguVy1kcWXJADskxccgZqZBrUiU1wskjeSav5M16sl6sd+tj2pqxZjP75A+szx/eXJnH</latexit>Lhier = 0.33
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GT

Sad
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<latexit sha1_base64="+BFqDgQbWbOwXROrLUXjhvCrtXE=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoE3Y1qI0QtLGwiGAekIQwO7mbDJl9MHNXDMt+g42/YmOhiK2VnX/j5FFo4oVhzpxzL3fOcSMpNNr2t5VZWFxaXsmu5tbWNza38ts7NR3GikOVhzJUDZdpkCKAKgqU0IgUMN+VUHcHVyO9fg9KizC4w2EEbZ/1AuEJztBQnfxRy2fY50wmN2knaSE8YNIXoNKUXtDx0/USu2ifpJ18wdzjovPAmYICmValk/9qdUMe+xAgl0zrpmNH2E6YQsElpLlWrCFifMB60DQwYD7odjK2lNIDw3SpFypzAqRj9vdEwnyth75rOkcG9Kw2Iv/TmjF65+1EBFGMEPDJIi+WFEM6yod2hQKOcmgA40qYv1LeZ4pxNCnmTAjOrOV5UDsuOqfF0m2pUL6cxpEle2SfHBKHnJEyuSYVUiWcPJJn8krerCfrxXq3PiatGWs6s0v+lPX5A4uxnf8=</latexit>Lhier = 0.03
<latexit sha1_base64="+BFqDgQbWbOwXROrLUXjhvCrtXE=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoE3Y1qI0QtLGwiGAekIQwO7mbDJl9MHNXDMt+g42/YmOhiK2VnX/j5FFo4oVhzpxzL3fOcSMpNNr2t5VZWFxaXsmu5tbWNza38ts7NR3GikOVhzJUDZdpkCKAKgqU0IgUMN+VUHcHVyO9fg9KizC4w2EEbZ/1AuEJztBQnfxRy2fY50wmN2knaSE8YNIXoNKUXtDx0/USu2ifpJ18wdzjovPAmYICmValk/9qdUMe+xAgl0zrpmNH2E6YQsElpLlWrCFifMB60DQwYD7odjK2lNIDw3SpFypzAqRj9vdEwnyth75rOkcG9Kw2Iv/TmjF65+1EBFGMEPDJIi+WFEM6yod2hQKOcmgA40qYv1LeZ4pxNCnmTAjOrOV5UDsuOqfF0m2pUL6cxpEle2SfHBKHnJEyuSYVUiWcPJJn8krerCfrxXq3PiatGWs6s0v+lPX5A4uxnf8=</latexit>Lhier = 0.03

Neutral
Fear Happy Neutral Neutral

BodyHead Context V-I (Pseudo label)

Exclusion Sequence: (1) Head → (2) Body → (3) Context

GT

Neutral

Prediction

<latexit sha1_base64="zohIeC2H1vnjjNZ1Ht6iIlbGK2I=">AAACCXicbVA9SwNBEN2LXzF+RS1tFoNgFe5MUBshaGNhEcF8QBLC3maSLNn7YHdODMe1Nv4VGwtFbP0Hdv4b95IUmvhg4PHeDDPz3FAKjbb9bWWWlldW17LruY3Nre2d/O5eXQeR4lDjgQxU02UapPChhgIlNEMFzHMlNNzRVeo37kFpEfh3OA6h47GBL/qCMzRSN0/bHsMhZzK+SbpxG+EB46EAlST0gtrFUqmbL9hFewK6SJwZKZAZqt38V7sX8MgDH7lkWrccO8ROzBQKLiHJtSMNIeMjNoCWoT7zQHfiyScJPTJKj/YDZcpHOlF/T8TM03rsuaYzvVvPe6n4n9eKsH/eiYUfRgg+ny7qR5JiQNNYaE8o4CjHhjCuhLmV8iFTjKMJL2dCcOZfXiT1k6JzWizflguVy1kcWXJADskxccgZqZBrUiU1wskjeSav5M16sl6sd+tj2pqxZjP75A+szx/eXJnH</latexit>Lhier = 0.33
<latexit sha1_base64="+BFqDgQbWbOwXROrLUXjhvCrtXE=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoE3Y1qI0QtLGwiGAekIQwO7mbDJl9MHNXDMt+g42/YmOhiK2VnX/j5FFo4oVhzpxzL3fOcSMpNNr2t5VZWFxaXsmu5tbWNza38ts7NR3GikOVhzJUDZdpkCKAKgqU0IgUMN+VUHcHVyO9fg9KizC4w2EEbZ/1AuEJztBQnfxRy2fY50wmN2knaSE8YNIXoNKUXtDx0/USu2ifpJ18wdzjovPAmYICmValk/9qdUMe+xAgl0zrpmNH2E6YQsElpLlWrCFifMB60DQwYD7odjK2lNIDw3SpFypzAqRj9vdEwnyth75rOkcG9Kw2Iv/TmjF65+1EBFGMEPDJIi+WFEM6yod2hQKOcmgA40qYv1LeZ4pxNCnmTAjOrOV5UDsuOqfF0m2pUL6cxpEle2SfHBKHnJEyuSYVUiWcPJJn8krerCfrxXq3PiatGWs6s0v+lPX5A4uxnf8=</latexit>Lhier = 0.03

<latexit sha1_base64="xmyXYfIWIT3FP2DBTaCDH0mTD1o=">AAACCXicbVA9SwNBEN2LXzF+RS1tFoNgddxpUBshaGNhEcF8QBLC3maSLNn7YHdODMe1Nv4VGwtFbP0Hdv4b95IUGn0w8Hhvhpl5XiSFRsf5snILi0vLK/nVwtr6xuZWcXunrsNYcajxUIaq6TENUgRQQ4ESmpEC5nsSGt7oMvMbd6C0CINbHEfQ8dkgEH3BGRqpW6Rtn+GQM5lcp92kjXCPyVCASlN6Th372O0WS47tTED/EndGSmSGarf42e6FPPYhQC6Z1i3XibCTMIWCS0gL7VhDxPiIDaBlaMB80J1k8klKD4zSo/1QmQqQTtSfEwnztR77nunM7tbzXib+57Vi7J91EhFEMULAp4v6saQY0iwW2hMKOMqxIYwrYW6lfMgU42jCK5gQ3PmX/5L6ke2e2OWbcqlyMYsjT/bIPjkkLjklFXJFqqRGOHkgT+SFvFqP1rP1Zr1PW3PWbGaX/IL18Q3bVJnF</latexit>Lhier = 0.31
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Surprise
Surprise Neutral Surprise Anger
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GT
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<latexit sha1_base64="HzSz/rb8AFmjyCB1sNFCeGDuuOU=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUHwFGZCcDkIQS8ePEQwCyQh9HQqSZOehe4aMQxz9eKvePGgiFf/wJt/Y2c5aOKDgsd7VVTV8yIpNDrOt5VZWl5ZXcuu5zY2t7Z37N29mg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHvDq7FfvwelRRjc4SiCts/6gegJztBIHZu2fIYDzmRyk3aSFsIDJgMBKk3pBXUKxfOOnXcKzgR0kbgzkiczVDr2V6sb8tiHALlkWjddJ8J2whQKLiHNtWINEeND1oemoQHzQbeTyScpPTJKl/ZCZSpAOlF/TyTM13rke6ZzfLee98bif14zxt5ZOxFBFCMEfLqoF0uKIR3HQrtCAUc5MoRxJcytlA+YYhxNeDkTgjv/8iKpFQvuSaF0W8qXL2dxZMkBOSTHxCWnpEyuSYVUCSeP5Jm8kjfryXqx3q2PaWvGms3skz+wPn8A5e+ZzA==</latexit>Lhier = 0.29

Happy
Happy Fear Neutral Neutral

BodyHead Context V-I (Pseudo label)

Exclusion Sequence: (1) Body → (2) Head → (3) Context

GT

Happy

Prediction

<latexit sha1_base64="G6APfFJRY2MEz+2/JVDqxEO1NxY=">AAACCXicbVA9SwNBEN2LXzF+RS1tFoNgFe5iUBshaGNhEcF8QBLC3maSLNn7YHdODMe1Nv4VGwtFbP0Hdv4b95IUmvhg4PHeDDPz3FAKjbb9bWWWlldW17LruY3Nre2d/O5eXQeR4lDjgQxU02UapPChhgIlNEMFzHMlNNzRVeo37kFpEfh3OA6h47GBL/qCMzRSN0/bHsMhZzK+SbpxG+EB46EAlST0gtrFk1I3X7CL9gR0kTgzUiAzVLv5r3Yv4JEHPnLJtG45doidmCkUXEKSa0caQsZHbAAtQ33mge7Ek08SemSUHu0HypSPdKL+noiZp/XYc01neree91LxP68VYf+8Ews/jBB8Pl3UjyTFgKax0J5QwFGODWFcCXMr5UOmGEcTXs6E4My/vEjqpaJzWizflguVy1kcWXJADskxccgZqZBrUiU1wskjeSav5M16sl6sd+tj2pqxZjP75A+szx/c2JnG</latexit>Lhier = 0.32

<latexit sha1_base64="22uxiBRrtdx+3sXfFUxJY+97yA0=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoE3ZDUBshaGNhEcE8IAlhdnI3GTL7YOauGJb9Bht/xcZCEVsrO//GyaPQxAvDnDnnXu6c40ZSaLTtbyuztLyyupZdz21sbm3v5Hf36jqMFYcaD2Womi7TIEUANRQooRkpYL4roeEOr8Z64x6UFmFwh6MIOj7rB8ITnKGhuvmTts9wwJlMbtJu0kZ4wGQgQKUpvaCTp+sldtEupd18wdyToovAmYECmVW1m/9q90Ie+xAgl0zrlmNH2EmYQsElpLl2rCFifMj60DIwYD7oTjKxlNIjw/SoFypzAqQT9vdEwnytR75rOscG9Lw2Jv/TWjF6551EBFGMEPDpIi+WFEM6zof2hAKOcmQA40qYv1I+YIpxNCnmTAjOvOVFUC8VndNi+bZcqFzO4siSA3JIjolDzkiFXJMqqRFOHskzeSVv1pP1Yr1bH9PWjDWb2Sd/yvr8AYosnf4=</latexit>Lhier = 0.02
<latexit sha1_base64="Jb+F/+3v1k4AdjPL75WMPeiiXws=">AAACCXicbVC7SgNBFJ2Nrxhfq5Y2g0GwCrsaoo0QtLGwiGAekIQwO7lJhsw+mLkrhmVbG3/FxkIRW//Azr9x8ig08cCFwzn3cu89XiSFRsf5tjJLyyura9n13Mbm1vaOvbtX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW94Nfbr96C0CIM7HEXQ9lk/ED3BGRqpY9OWz3DAmUxu0k7SQnjAZCBApSm9oE7htNSx807BmYAuEndG8mSGSsf+anVDHvsQIJdM66brRNhOmELBJaS5VqwhYnzI+tA0NGA+6HYy+SSlR0bp0l6oTAVIJ+rviYT5Wo98z3SO79bz3lj8z2vG2DtvJyKIYoSATxf1YkkxpONYaFco4ChHhjCuhLmV8gFTjKMJL2dCcOdfXiS1k4JbKhRvi/ny5SyOLDkgh+SYuOSMlMk1qZAq4eSRPJNX8mY9WS/Wu/Uxbc1Ys5l98gfW5w/i6JnK</latexit>Lhier = 0.36

<latexit sha1_base64="22uxiBRrtdx+3sXfFUxJY+97yA0=">AAACEnicbVC7SgNBFJ2NrxhfUUubwSBoE3ZDUBshaGNhEcE8IAlhdnI3GTL7YOauGJb9Bht/xcZCEVsrO//GyaPQxAvDnDnnXu6c40ZSaLTtbyuztLyyupZdz21sbm3v5Hf36jqMFYcaD2Womi7TIEUANRQooRkpYL4roeEOr8Z64x6UFmFwh6MIOj7rB8ITnKGhuvmTts9wwJlMbtJu0kZ4wGQgQKUpvaCTp+sldtEupd18wdyToovAmYECmVW1m/9q90Ie+xAgl0zrlmNH2EmYQsElpLl2rCFifMj60DIwYD7oTjKxlNIjw/SoFypzAqQT9vdEwnytR75rOscG9Lw2Jv/TWjF6551EBFGMEPDpIi+WFEM6zof2hAKOcmQA40qYv1I+YIpxNCnmTAjOvOVFUC8VndNi+bZcqFzO4siSA3JIjolDzkiFXJMqqRFOHskzeSVv1pP1Yr1bH9PWjDWb2Sd/yvr8AYosnf4=</latexit>Lhier = 0.02

<latexit sha1_base64="+/0IHC+df3J0bJFauz856iul12M=">AAACFnicbVC7SgNBFJ31GeMrammzGAQbw24ImkYI2lhYRDAPSEKYndxNhszOLjN3xbDsV9j4KzYWitiKnX/j5FFo4oGBM+fcy8w5XiS4Rsf5tpaWV1bX1jMb2c2t7Z3d3N5+XYexYlBjoQhV06MaBJdQQ44CmpECGngCGt7wauw37kFpHso7HEXQCWhfcp8zikbq5k7bAcUBoyK5SbtJG+EBZagCcx9wUGl6MZE8P3EKxXLazeWdgjOBvUjcGcmTGard3Fe7F7I4AIlMUK1brhNhJ6EKOROQZtuxhoiyIe1Dy1BJA9CdZBIrtY+N0rP9UJkj0Z6ovzcSGmg9CjwzOQ6h572x+J/XitEvdxIuoxhBsulDfixsDO1xR3aPK2AoRoZQprj5q80GVFGGpsmsKcGdj7xI6sWCe1Yo3ZbylctZHRlySI7ICXHJOamQa1IlNcLII3kmr+TNerJerHfrYzq6ZM12DsgfWJ8/8hugdw==</latexit>Lhier = 0.28

<latexit sha1_base64="HzSz/rb8AFmjyCB1sNFCeGDuuOU=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUHwFGZCcDkIQS8ePEQwCyQh9HQqSZOehe4aMQxz9eKvePGgiFf/wJt/Y2c5aOKDgsd7VVTV8yIpNDrOt5VZWl5ZXcuu5zY2t7Z37N29mg5jxaHKQxmqhsc0SBFAFQVKaEQKmO9JqHvDq7FfvwelRRjc4SiCts/6gegJztBIHZu2fIYDzmRyk3aSFsIDJgMBKk3pBXUKxfOOnXcKzgR0kbgzkiczVDr2V6sb8tiHALlkWjddJ8J2whQKLiHNtWINEeND1oemoQHzQbeTyScpPTJKl/ZCZSpAOlF/TyTM13rke6ZzfLee98bif14zxt5ZOxFBFCMEfLqoF0uKIR3HQrtCAUc5MoRxJcytlA+YYhxNeDkTgjv/8iKpFQvuSaF0W8qXL2dxZMkBOSTHxCWnpEyuSYVUCSeP5Jm8kjfryXqx3q2PaWvGms3skz+wPn8A5e+ZzA==</latexit>Lhier = 0.29
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Figure 6. Case study of randomly sampled results on CAER-S. The V-I column shows the pseudo labels of vocabulary informed module.
We illustrate the elimination of inconsistent recognition results in orange, which are not shown in either the V-I column or the prediction
column.



Ground-truth Label Input Image : 1 (w/o multi-level inputs)
Prompt: Whats the emotion in this picture. Choose 
multiple emotions from ['affection', 'anger', 
'annoyance', 'anticipation', 'aversion', 'confidence', 
'disapproval', 'disconnection', 'disquietment', 
'doubt/confusion', 'embarrassment', 'engagement', 
'esteem', 'excitement', 'fatigue', 'fear', 'happiness', 'pain', 
'peace', 'pleasure', 'sadness', 'sensitivity', 'suffering', 
'surprise', 'sympathy', 'yearning']. 

Input Image : 1,2,3 (w/ multi-level inputs)
Prompt: Whats the emotion in this picture. Choose 
multiple emotions from ['affection', 'anger', 
'annoyance', 'anticipation', 'aversion', 'confidence', 
'disapproval', 'disconnection', 'disquietment', 
'doubt/confusion', 'embarrassment', 'engagement', 
'esteem', 'excitement', 'fatigue', 'fear', 'happiness', 
'pain', 'peace', 'pleasure', 'sadness', 'sensitivity', 
'suffering', 'surprise', 'sympathy', 'yearning']. Please 
recognize three images separately and print results.

Anticipation
Confidence
Disquietment
Engagement
Esteem
Excitement
Fatigue

The emotions depicted in this picture appear to be:

Surprise
Doubt/Confusion
Disquietment
Engagement
The person who is awake appears to be in the middle 
of an unusual or humorous action, indicating a sense 
of surprise and engagement in the moment. The 
person who is asleep or just waking up might 
experience doubt or confusion and disquietment upon 
realizing what is happening.

In this picture, several emotions can be 
interpreted Based on the emotions depicted in 
the images, here are the interpretations for 
each:

Image 1:
Anticipation, Disconnection, Disquietment
Image 2:
Doubt/Confusion, Fatigue, Annoyance
Image 3:
Engagement, Fatigue, Peace

Anticipation 
Confidence 
Disconnection 
Engagement 
Pleasure

In the image, the emotions that can be interpreted 
include:

Disconnection: The individual appears to be 
seated alone, potentially lost in thought or 
detached from the surroundings.
Disquietment: The solitary setting, along with 
the posture, may suggest an underlying unease or 
discomfort.
Annoyance: The focused gesture of holding a 
device could imply frustration or irritation, 
possibly with the outside world.
Fatigue: The relaxed yet tense posture might hint 
at weariness or a need for rest.

Based on the provided images, here are the 
emotional responses associated with each one:

Image 1:
Emotions: Disconnection, Fatigue, 
Anticipation
Image 2:
Emotions: Doubt/Confusion, Annoyance, 
Disquietment
Image 3:
Emotions: Sympathy, Sadness, 
Embarrassment

Anticipation 
Confidence 
Engagement 
Excitement
Happiness

Based on the images, the emotions that can be 
inferred include:

Engagement - The individual appears to be 
speaking or presenting, suggesting active 
involvement with the audience.
Confidence - The posture and presentation style 
indicate a sense of assurance in their role.
Doubt/Confusion - The individual appears to be
questioned by audience.
Anticipation - The audience seems to be 
awaiting information or interaction, creating a 
sense of eagerness.

For the three images, I would suggest the 
following emotions:

Image 1: Anticipation, Engagement, 
Confidence.
Image 2: Anticipation, Engagement, Focus.
Image 3: Focus, Engagement, 
Doubt/Confusion.
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Figure 7. We provide failure cases of GPT-4o to illustrate that VLM also suffers from conflicting results of multi-level predictions for
emotion recognition, by comparing w/ and w/o multi-level inputs. We use orange color to highlight the wrong predictions that both appear
in GPT-4o results, but are not contained in ground-truth label. It indicates that if there are inconsistent predictions at a certain image
level, it can also confuse the final recognition results for VLM. Therefore, VLM frameworks also need to eliminate multi-level pollution.



Ground-truth Label Prompt: What’s the emotion in this picture. Choose 
multiple emotions from ['affection', 'anger', 
'annoyance', 'anticipation', 'aversion', 'confidence', 
'disapproval', 'disconnection', 'disquietment', 
'doubt/confusion', 'embarrassment', 'engagement', 
'esteem', 'excitement', 'fatigue', 'fear', 'happiness', 'pain', 
'peace', 'pleasure', 'sadness', 'sensitivity', 'suffering', 
'surprise', 'sympathy', 'yearning']. 

Prompt: What’s the emotion in these two pictures. 
Choose multiple emotions from ['affection', 'anger', 
'annoyance', 'anticipation', 'aversion', 'confidence', 
'disapproval', 'disconnection','disquietment', 
'doubt/confusion', 'embarrassment', 'engagement', 
'esteem', 'excitement', 'fatigue', 'fear‘, 'happiness', 
'pain', 'peace', 'pleasure', 'sadness', 'sensitivity', 
'suffering', 'surprise', 'sympathy', 'yearning’]. 

Anticipation
Confidence
Disquietment
Engagement
Esteem
Excitement
Fatigue

Input Image : 1

The emotions depicted in this picture appear to be:

Surprise
Doubt/Confusion
Disquietment
Engagement

The person who is awake appears to be in the middle 
of an unusual or humorous action, indicating a sense 
of surprise and engagement in the moment. The 
person who is asleep or just waking up might 
experience doubt or confusion and disquietment upon 
realizing what is happening.

Input Image : 1,3

Based on the two images provided, the emotions 
that can be interpreted include:

Engagement - There is a sense of interaction and 
involvement in the situations depicted.
Affection - The presence of close proximity and 
shared moments suggests emotional warmth.
Disquietment - The overall ambiance could imply 
some tension or unresolved feelings.
Fatigue - The setting, especially the bed scene, may 
allude to tiredness or weariness.
These emotions reflect the nuances in the depicted 
scenarios.

Anticipation
Aversion
Disapproval
Disconnection
Doubt / Confusion
Embarrassment

Input Image : 1

The emotions depicted in this picture appear to 
be:

Doubt/Confusion
Annoyance
Disquietment
The person is looking into a refrigerator with a 
puzzled and somewhat annoyed expression, 
indicating a sense of doubt or confusion about 
what they are seeing, as well as a hint of 
annoyance and disquietment.

Input Image : 1,2

Based on the images, the emotions that might 
be conveyed are:

Disconnection: The person's posture and 
position suggest a sense of separation or 
withdrawal from the surrounding environment.
Annoyance: The way they seem to engage with 
the refrigerator could indicate mild irritation or 
frustration.
Doubt/Confusion: The overall demeanor and 
body language may suggest uncertainty of
something in the refrigerator.
These interpretations are subjective and could 
vary depending on additional context.

Anticipation
Confidence 
Doubt / Confusion
Embarrassment
Engagement
Excitement
Happiness
Peace

Input Image : 1

Based on the description of the image, possible 
emotions could include:
Anticipation - The person appears to be engaged 
in a task, suggesting they are focused on 
something upcoming.
Engagement - The individual seems involved in 
what they’re doing, which reflects interest and 
participation.
Disquietment - If the expression suggests 
uncertainty or discomfort in the situation, this 
might also apply.
These interpretations can vary based on specific 
visual details and context not visible in the 
description alone.

Input Image : 1,2

In the images, the emotions conveyed could 
include:
Engagement - The person appears focused on 
a task, indicating involvement.
Anticipation - There may be a sense of 
expecting results from the action being 
performed.
Doubt/Confusion - The actions and context 
suggest there might be uncertainty about what 
is being done or if it's correct.
These emotions together reflect a mix of being 
present in the moment and possibly questioning 
the outcome of the task.
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Figure 8. Case study of enhancing answer of GPT-4o via our proposed framework. We modify the input multi-level image (in red) by
eliminating first-excluded level that may potentially produce inconsistent recognition result. We emphasize the inferred emotion label (in
blue) from enhanced multi-level inputs, which does not exist in the answer of single image input.



Ground-truth Label Input Image : Single Image

Prompt:
What’s the emotion of this image? 
Choose from
[‘Anger’,‘Disgust’,‘Fear’,‘Happy’,‘Neutral’,‘Sad’,‘Sur
prise’].

Input Image : Single Image

Prompt:
What’s the emotion of this image? 
Choose from
[‘Anger’,‘Disgust’,‘Fear’,‘Happy’,‘Neutral’,‘Sad’,‘S
urprise’]. 

Anger The emotion of the image appears to be Happy. Add prompt: Please eliminate potentially 
inconsistent recognition result from body.

The emotion of the person in the striped sweater 
appears to be Anger.

Anger The emotion of the image appears to be Happy. Add prompt: Please eliminate potentially 
inconsistent recognition result from head.

The emotion of the person in the image appears 
to be Anger.

Sad The emotion in this image appears to be Neutral. Add prompt: Please eliminate potentially 
inconsistent recognition result from body.

The emotion in this image appears to be Sad. 
The person in the center seems to have a 
downcast expression, and the body language of 
the others suggests concern or sympathy.

Surprise The emotion of the image appears to be Neutral. Add prompt: Please eliminate potentially 
inconsistent recognition result from head.

The emotion of the person in the image appears 
to be Surprise.

Surprise Neutral. Add prompt: Please eliminate potentially 
inconsistent recognition result from body.

The emotion in this image appears to be 
Surprise.

Figure 9. Case study of enhancing answer of GPT-4o via our findings in workspace selection. Given the single image input, we add
description to prompt that emphasizes the first-excluded level (in red) for avoiding potentially inconsistent recognition results on CAER-S.
We emphasize the inferred emotion label (in blue) from the enhanced prompt, but the original prompt can not produce correct answer.
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