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Input :
Training sets: Xtrain_protsert € Rltroinx1024,
Xtrain_prots € RVratnX1028 X 05 grars € RMtratnx26

Test sets: Xtest_protgert € RiVtestx1024,

Xtest_prots € RMestx1024 - Xy oot stats € RlVtestx26
Output: Xtrain_combined Xtest_combined
Step 1: Initialize MoE layer
MOEGating(input_dim= 2048, stats_dim=
26, hidden_dim = 64):
1. Input: Xprotsert € RV1924, Xp o15 € RVX1024,
Xstats € RN*26

2. Compute gating weights from Xstats: First layer
(hidden):
H=ReLU(Xstatshh +b1), Wy e R26x64 H e RNx64

Second layer (output):
G=HWy +by, Wy e R®**2 GeRN<2
Apply softmax to get gating weights:

« = Softmax(6) € RN*?

3. Fusing experts: Stack the two experts along a
new dimension:

Xexperts = Stack (XprotgerT , Xprots, dim= 1) e Rx2x1024

Reshape or broadcast o to match experts
dimension:
expanded = @ . Unsqueeze(2) e RN*2x1

Apply the gating weights to each expert
channel:

Nx2x1024
Xweighted = Xexperts © @expanded € R"***

Sum over the expert dimension:
2

" % Nx1024
Xtused = Y Xueightea[:, €, :] € RM*1@
e=1

Step 2: Compute fused features for training and
test sets

Xtrain_fused < Mo€_layer (Xtrain_prot8erT., Xtrain_proTs.

Xtrain_stats)

Xtest_fused < Moe_layer (Xtest_protBeRT, Xtest_ProTs,
Xtest_stats)

Step 3: Append stats features

N 2100
Xtrain_combined < [Xtrain_fused: Xtrain_stats] € R\train®

Neest 2180
Xtest_conbined < [Xtest_fused, Xtest_stats ] € RNtest*21@

return Xtrain_combined » Xtest_combined
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Pretrained feature matrices:
XprotgerT € RY*Y, Xprors € RV9;

Input : L i
Statistical feature matrix:
Xstats € RV*S
Xfused € RV9: fused feature matrix
Output :

Xcombined € RNX(0+9) :

Step 1: Compute gating weights (sample-specific)
H < ReLU(Xstatsly +b1) // HeRN<64

G« HWy+by // GeRNx2

o « softmax(G) // «eR¥*2, each row o; , sums to 1

Step 2: Fuse expert outputs using gating weights
for i=1 to N do
Xfused, i < @i,1XProtBERT,i + 1,2 XproTs, i
/1 Xfused,i € RY
end
Xtused < [ Xfused, 13 Xfused, 2} -5 Xfused,n ]
/1 Xtyseq € RV
Step 3: Concatenate fused features with original
stats
Xoombined < [ Xfused, Xstats ] // Xcombined € RN*(9+9)

return Xfyseq and Xcompined
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Training Sets:
Xtrain_ProtBERT, Xtrain_ProT5,

X Xtrain_stats, Ytrain

Input :

Test Sets:

Xtest_ProtBERT , Xtest_ProT5,

Xtest_stats, Ytest
Output: Trained CNN model & performance metrics
Step 1: MoE fusion to obtain features
Use the MoE layer to generate Xeompined bY fusing

ProtBERT, ProT5, and the statistical features.

Step 2: Reshape and construct CNN
1. Reshape:

Xonn < Reshape (Xcombined (N, d, 1)) .

2. Define the 1D-CNN architecture (e.g.,
Conv—ReLU—BatchNorm—MaxPool, repeated multiple
times, then global pooling, and FC layers).

Step 3: Joint training of MoE & CNN
for epoch =1 to EPOCHS do

Xbatch_combined <

MOE (Xbatoh_prot8eRT , Xbatch_ProTs, Xbatch_stats)
Xoateh_cnn < Reshape (Xpatch_combined. (B, d, 1))
pred < cnn_model(Xpatch_cnn) // Forward pass
Joss « CrossEntropylLoss(pred, Yoatch)

Update MoE & CNN parameters by
backpropagation:

dloss
9(MoE params, CNN params)

Optimizer.step(V)

end

Step 4: Evaluation

1. Obtain Xtest_combined Via MOE, reshape to (Ntest, d, 1)
2. Predict:

predtest < cnn_model (Xtest_cnn)

3. Compute performance metrics (Accuracy, F1,
AUC-ROC, AUPR, etc.).

return Trained CNN model and performance metrics
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