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Model: "teacherNet"

Layer (type) Output Shape Param #
conv2d (Conv2D) (None, 28, 28, 32) 320
max_pooling2d (MaxPooling2D (None, 28, 28, 32) 0

)

conv2d 1 (Conv2D) (None, 28, 28, 64) 18496
max_pooling2d_1 (MaxPooling (None, 14, 14, 64) 0

2D)

flatten (Flatten) (None, 12544) 0
dropout (Dropout) (None, 12544) 0

dense (Dense) (None, 128) 1605760
dropout_1 (Dropout) (None, 128) 0
logits (Dense) (None, 10) 1290
softmax (Activation) (None, 10) 0

Total params: 1,625,866
Trainable params: 1,625,866
Non-trainable params: 0

Fig. 1. Teacher model (CNN model)

Model: "studentNet"

Layer (type) Output Shape Param #
flatten (Flatten) (None, 784) 0

dense (Dense) (None, 784) 615440
dense_1 (Dense) (None, 784) 615440
logits (Dense) (None, 10) 7850
softmax (Activation) (None, 10) 0

Total params: 1,238,730
Trainable params: 1,238,730
Non-trainable params: 0

Fig. 2. Student model (FC model)
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Epoch 1: Class accuracy: 98.00%
Epoch 2: Class_accuracy: 98.30%
Epoch 3: Class accuracy: 98.42%
Epoch 4: Class accuracy: 98.57%
Epoch 5: Class_accuracy: 98.70%
Epoch 6: Class accuracy: 98.68%
Epoch 7: Class accuracy: 98.58%
Epoch 8: Class_accuracy: 98.67%
Epoch 9: Class accuracy: 98.67%

Epoch 10: Class accuracy: 98.68%
Epoch 11: Class accuracy: 98.57%
Epoch 12: Class_accuracy: 98.71%
98.71

Fig. 3. Student model training accuracy
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Epoch 1/12
234/234 [ ] - 128 12ms/step - loss: 0.2892 - accuracy: 0.9123
Epoch 2/12
234/234 [ ] - 3s llms/step - loss: 0.1000 - accuracy: 0.9701
Epoch 3/12
234/234 [ ] - 3s llms/step - loss: 0.0762 - accuracy: 0.9773
Epoch 4/12
234/234 | ] - 35 llms/step - loss: 0.0641 - accuracy: 0.9809
Epoch 5/12
234/234 | ] - 3s llms/step - loss: 0.0564 - accuracy: 0.9826
Epoch 6/12
234/234 | 1 - 35 llms/step - loss: 0.0508 - accuracy: 0.9846
Epoch 7/12
234/234 [ ] - 3s llms/step - loss: 0.0443 - accuracy: 0.9862
Epoch 8/12
234/234 [ ] - 3s llms/step - loss: 0.0422 - accuracy: 0.9865
Epoch 9/12

234/234 |
Epoch 10/12
234/234 |
Epoch 11/12
234/234 [

] = 35 llms/step - loss: 0.0370 - accuracy: 0.9883

] - 3s llms/step - loss: 0.0369 - accuracy: 0.9887

] - 3s llms/step - loss: 0.0330 - accuracy: 0.9895

Epoch 12/12

234/234 [ ] - 35 llms/step - loss: 0.0306 - accuracy: 0.9902
Fig. 4. Teacher model training and testing accuracy

Epoch 1: Class_accuracy: 96.88%

Epoch 2: Class_accuracy: 97.49%

Epoch 3: Class_accuracy: 97.89%

Epoch 4: Class_accuracy: 97.98%

Epoch 5: Class_accuracy: 97.73%

Epoch 6: Class_accuracy: 98.52%

Epoch 7: Class_accuracy: 98.15%

Epoch 8: Class_accuracy: 97.89%

w

Epoch Class_accuracy: 98.35%

Epoch 10: Class_accuracy: 98.41%

Epoch 11: Class_accuracy: 98.06%

Epoch 12: Class_accuracy: 98.16%

In temperature = 1.0, accuracy after 12 epoch is: 98.159996.

Fig. 5. Student model training and testing accuracy
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T=1
Epoch 1: Class_accuracy: 96.51%
Epoch 2: Class_accuracy: 97.77%
Epoch 3: Class_accuracy: 98.06%
Epoch 4: Class_accuracy: 98.39%
Epoch 5: Class_accuracy: 98.51%
Epoch 6: Class_accuracy: 98.52%
Epoch 7: Class_accuracy: 98.65%
Epoch 8: Class_accuracy: 98.66%
Epoch 9: Class_accuracy: 98.69%

Epoch 10: Class_accuracy: 98.81%
Epoch 11: Class_accuracy: 98.66%
Epoch 12: Class_accuracy: 98.71%
In temperature = 4.0, accuracy after 12 epoch is: 98.71.

Fig. 6. Student model training and testing accuracy
T=4

Epoch 1: Class_accuracy: 96.77%
Epoch 2: Class_accuracy: 98.12%
Epoch 3: Class_accuracy: 98.31%
Epoch 4: Class_accuracy: 98.50%
Epoch 5: Class_accuracy: 98.59%
Epoch 6: Class_accuracy: 98.69%
Epoch 7: Class_accuracy: 98.67%
Epoch 8: Class_accuracy: 98.70%
Epoch 9: Class_accuracy: 98.77%

Epoch 10: Class_accuracy: 98.75%
Epoch 11: Class_accuracy: 98.79%
Epoch 12: Class_accuracy: 98.83%
In temperature =

Fig. 7. Student model training and testing accuracy

T=16

Epoch 1: Class_accuracy: 96.85%
Epoch 2: Class_accuracy: 98.00%
Epoch 3: Class_accuracy: 98.26%
Epoch 4: Class_accuracy: 98.53%
Epoch 5: Class_accuracy: 98.70%
Epoch 6: Class_accuracy: 98.68%
Epoch 7: Class_accuracy: 98.74%
Epoch 8: Class_accuracy: 98.78%
Epoch 9: Class_accuracy: 98.88%

Epoch 10: Class_accuracy: 98.81%
Epoch 11: Class_accuracy: 98.90%
Epoch 12: Class_accuracy: 98.92%
In temperature =

Fig. 8. Student model training and testing accuracy
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Fig. 9. Student model Accuracy vs Temperature
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16.0, accuracy after 12 epoch is: 98.83.

64.0, accuracy after 12 epoch is: 98,92,

(FC HiAY) BueE A, vJLIALHE MNIST HidE
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B HR LA A 145 B AR AR A AOdh 2 A AR R . R IR S
DT, HEEE R s R I .

Epoch 1: Class accuracy: 96.10%
Epoch 2: Class accuracy: 97.64%
Epoch 3: Class accuracy: 97.78%
Epoch 4: Class accuracy: 97.84%
Epoch 5: Class accuracy: 98.02%
Epoch 6: Class accuracy: 97.75%
Epoch 7: Class accuracy: 98.06%
Epoch B8: Class accuracy: 98.11%
Epoch 9: Class accuracy: 98.05%

Epoch 10: Class_accuracy: 97.87%
Epoch 11: Class accuracy: 98.10%
Epoch 12: Class_accuracy: 98.21%
98.21

Fig. 10. Student model without Knowledge

Distillation loss

6.1 FLOPs
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For teacher model:

FLOPS: 0.0328G

For student model:

FLOPS: 0.00248G

For student model without distillation:
FLOPS: 0.00248G

Fig. 11. FLOPs for teacher and student model
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RISE for model visualization number 1

Fig. 13.
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Fig. 14.
Sample image

RISE for model visualization number 5

Fig. 15.

6. 3 IRAEIEAMRZEIE
FEX TRy, BATEER L ¥ Tk, fEAH,
B R B — PO AT (53 XTI
B R TE BUM A ARG 58 36 2 A 1R 2R, AR
TR B 25 5 2 1 B AR BOM B AR H R
XSy, A 1 3 25 HL oI AU

RISE for model visualization number 8
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Fig. 16. Model Accuracy vs Epoch number
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