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! Reinforcement Learning

2 N-arm bandit problem

3 Action

4 Reward

5> Exploration-Exploitation dilemma
6 Fake News
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7 Naive Bayes

8 Baseline

° Deep Neural Network

10 Word Embedding

11 BERT (Bidirectional Encoder Representations from Transformers)
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Model: "sequential”

Layer (type) Output Shape Param #
enbedding (Ebedding)  (None, None, 128) 3200000
bidirectional (Bidirectional (None, None, 256) 263168
bidirectional 1 (Bidirection (None, 256) 394240
dropout (Dropout) (None, 256) 0

dense (Dense) (None, 256) 65792
dense 1 (Dense) (None, 128) 32896
dense 2 (Dense) (None, 1) 129

Total params: 3,956,225
Trainable params: 3,956,225
Non-trainable params: ©
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Epoch 1/8

235/235 | ] - ETA: O@s - loss: ©.5417 - accuracy: ©8.7369 - fl: nan - recall: ©.1136 - precision: 0.3642

Epoch 88801: val accuracy improved from -inf to 0.708652, saving model to LSTM baseline.hdf5

235/235 [ ] - 335s 1s/step - loss: 0.5417 - accuracy: ©.7369 - fl: nan - recall: 0.1136 - precision: 8.3642 - val_loss

Epoch 2/8

235/235 [ 1 - ETA: Bs - loss: ©.3979 - accuracy: 0.8262 - fl: 08.6319 - recall: 8.5795 - precision: 0.7287

Epoch 08802: val accuracy did not improve from 8.70652

235/235 [ ] - 334s 1s/step - loss: 0.3979 - accuracy: ©.8262 - fl: 0.6319 - recall: €.5795 - precision: 8.7287 - val 1

Epoch 3/8

235/235 [ ] - ETA: O@s - loss: ©.2517 - accuracy: ©.9611 - fl: 8.7997 - recall: 0.7713 - precision: ©.8462

Epoch 080803: val accuracy did not improve from 0.70652

235/235 | 1 - 327s 1s/step - loss: 0.2517 - accuracy: 0.9011 - fl: 0.7997 - recall: ©.7713 - precision: ©.8462 - val 1

Epoch 4/8

235/235 [ 1 - ETA: Os - loss: ©.1403 - accuracy: 8.9506 - fl: 8.9025 - recall: 0.8872 - precision: 0.9246

Epoch ©80804: val_accuracy did not improve from @.70652

235/235 [ ] - 332s 1s/step - loss: 0.1483 - accuracy: 0.9506 - fl: 0.9025 - recall: €.8872 - precision: 8.9246 - val 1

Epoch 5/8

235/235 [ ] - ETA: Bs - loss: ©.0979 - accuracy: ©8.9647 - fl: 08.9310 - recall: 0.916@ - precision: ©.9516

Epoch 08865: val accuracy did not improve from 8.70652

235/235 | ] - 326s 1s/step - loss: 0.0979 - accuracy: 0.9647 - fl: 0.9310 - recall: ©.9160 - precision: ©.9516 - val_l

Epoch 6/8

235/235 [ ] - ETA: Os - loss: ©.0739 - accuracy: ©.9731 - fl: 8.9470 - recall: 0.9338 - precision: 0.9646

Epoch 68806: val_accuracy did not improve from 8.708652

235/235 [ 1 - 3265 1s/step - loss: 0.8739 - accuracy: ©.9731 - f1l: 0.9478 - recall: ©.9338 - precision: 8.9646 - val 1

Epoch 7/8

235/235 [ ] - ETA: 0s - loss: 0.8566 - accuracy: 0.9796 - fl: B.9685 - recall: 0.9524 - precision: 0.9712

Epoch 08867: val_accuracy did not improve from @,70652

235/235 [ 1 - 327s 1s/step - loss: 0.0566 - accuracy: 0.9796 - fl: 0.96085 - recall: €.9524 - precision: 0.9712 - val_l

Epoch 8/8

235/235 [ ] - ETA: 05 - loss: ©.8525 - accuracy: 0.9787 - fl: 0.9586 - recall: ©.9494 - precision: 0.9707

Epoch 008808B: val _accuracy did not improve from 0.70652

235/235 [ 1 - 328s 1s/step - loss: 0.8525 - accuracy: ©.9787 - fl: 0.9586 - recall: ©.9494 - precision: ©.9787 - val 1l
4ol 45 &l 2 pgsai

Train accuracy: 0.9787
Train loss: 0.0525
Test accuracy: 0.6641
Test loss: 1.6621

il oo b yiehly (aige 4 sl S (BIS (59, R S8 o e sl 9 (o0 aladle oS jshailen
drop out _su 250 o, las Livle;]

Model: "sequential”

Layer (type) Output Shape Param #
embedding (Embedding) (None, None, 128) 3200000
bidirectional (Bidirectional (None, None, 256) 263168
bidirectional 1 (Bidirection (None, 256) 394240
dense (Dense) (None, 256) 65792
dense 1 (Dense) (None, 128) 32896
dense 2 (Dense) (None, 1) 129

Total params: 3,956,225
Trainable params: 3,956,225
Non-trainable params: ©



Epoch 1/8

235/235 [ ] - ETA: 85 - loss: 6.5343 - accuracy: 0.7353 - Tl: nan - recall: 0.1420 - precision: 8.3365

Epoch 88861: val accuracy improved from -inf to ©.65332, saving model to LSTM baseline.hdf5

235/235 | ] - 318s 1s/step - loss: 0.5343 - accuracy: ©.7353 - fl: nan - recall: ©.1420 - precision: 8,3365 - val loss:
Epoch 2/8

235/235 | ] - ETA: B85 - loss: €.3675 - accuracy: 0.8399 - fl: nan - recall: 0.6064 - precision: 0.7403

Epoch 808002: val accuracy improved from ©.65332 to ©.70958, saving model to LSTM baseline.hdf5

235/235 [ ] - 388s 1s/step - loss: B.3675> - accuracy: ©.8399 - fl: nan - recall: 0.6864 - precision: B.7483 - val_loss:
Epoch 3/8

235/235 [ ] - ETA: @5 - loss: €.2040 - accuracy: 0.9211 - T1: 0.8443 - recall: 0.8293 - precision: 0.8730

Epoch 88003: val accuracy did not improve from 8.70950

235/235 [ ] - 3087s 1s/step - loss: B.2040 - accuracy: 90,9211 - fl: 8.8443 - recall: ©.8293 - precision: ©.8738 - val los
Epoch 4/8

235/235 | ] - ETA: Bs - loss: €.1062 - accuracy: 0.9600 - fl1: 0.9214 - recall: 0.9074 - precision: 0.9412

Epoch 88004: val_accuracy did not improve from 8.70950

235/235 [ ] - 388s 1ls/step - loss: B.1062 - accuracy: ©.9600 - fl: 0.9214 - recall: ©€.9074 - precision: ©.9412 - val_los
Epoch 5/8

235/235 [ ] - ETA: @s - loss: 6.8680 - accuracy: 0.9749 - f1: 0.9496 - recall: 0.9392 - precision: 0.9639

Epoch 08005: val accuracy did not improve from 6.70958

235/235 | ] - 308s 1s/step - loss: D.0680 - accuracy: 0.9749 - fl: 8.9496 - recall: ©.9392 - precision: 0.9639 - val los
Epoch 6/8

2354235 | ] - ETA: B5 - loss: 0.0490 - accuracy: 0.9820 - fl: 0.9641 - recall: 0.9531 - precision: 0.9777

Epoch 08066: val_accuracy did not improve from 8.70950

235/235 [ ] - 308s 1s/step - loss: 0.8490 - accuracy: 0.9820 - Tl: 8.9641 - recall: 8.9531 - precision: 0.9777 - val los
Epoch 7/8

2354235 [ ] - ETA: Bs - loss: 0.8399 - accuracy: 0.9840 - fl: 0.9684 - recall: 0.9606 - precision: 0.9787

Epoch 88007: val accuracy did not improve from 8.70950

235/235 | ] - 308s ls/step - loss: 0.0399 - accuracy: 0.9840 - fl: 8.9684 - recall: ©.9686 - precision: 0.9787 - wval_los
Epoch 8/8

235/235 | ] - ETA: 85 - loss: ©.8377 - accuracy: 0.9843 - fl: 0.9691 - recall: 0.9603 - precision: 0.9300

Epoch 88868: val_accuracy did not improve from 8.70958

235235 [ I - 3095 1s/step - loss: 8.0377 - accuracy: 0.9843 - T1: 0.9691 - recall: 0.9683 - precision: 0.9808 - val los
sl 4 ol i gt
Train accuracy: 0.9843
Train loss: 0.0377
Test accuracy: 0.6718
Test loss: 1.8106
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235/235 [ ] - ETA: @s - loss: 0.0493 - accuracy: 8.9799 - fl: 0.9614 - recall: ©.9529 - precision: 0.9728

Epoch 0BB88: val_accuracy did not improve from 0.71488

235/235 [ ] - 3245 1s/step - loss: ©.0493 - accuracy: 0.9799 - fl: 8.9614 - recall: 0.9529 - precision: 0.9728 - val 1
Epoch 9/16

235/235 [ ] - ETA: Os - loss: ©.0479 - accuracy: ©.9833 - fl: 8.9672 - recall: 8.9591 - precision: 0.9779

Epoch 008089: val accuracy did not improve from @.71488

235/235 | ] - 3255 1s/step - loss: ©.0479 - accuracy: ©.9833 - fl: 0.9672 - recall: 0.9591 - precision: 0.9779 - val 1
Epoch 168/16

235/235 [ 1 - ETA: @5 - loss: B.0404 - accuracy: 8.9843 - fl: 0.9691 - recall: ©.9583 - precision: 0.9824

Epoch 00018: val_accuracy did not improve from ©.71488

235/235 [ ] - 3255 1s/step - loss: 0.0404 - accuracy: ©.9843 - f1: ©.9691 - recall: ©.9583 - precision: 0.9824 - val 1
Epoch 11/16

2357235 | ] - ETA: Os - loss: ©.0425 - accuracy: ©8.9834 - f1: 0.9675 - recall: 0.9587 - precision: 0.9786

Epoch 00811: val accuracy did not improve from ©.71488

235/235 [ 1 - 324s 1s/step - loss: 0.0425 - accuracy: ©.9834 - f1: 8.9675 - recall: ©.9587 - precision: 0.9786 - val 1
Epoch 12/16

2357235 [ 1 - ETA: Bs - loss: B.0303 - accuracy: 8.9876 - T1: 0.97608 - recall: 6.9714 - precision: 0.9818

Epoch 00012: val_accuracy did not improve from ©.71488

235/235 [ ] - 324s 1s/step - loss: ©.8303 - accuracy: 8.0876 - fl: 8.9768 - recall: ©.9714 - precision: 6.9818 - val_ 1l
Epoch 13/16

235/235 | ] - ETA: @s - loss: ©.0284 - accuracy: 8.9880 - fl: ©.9762 - recall: ©.9700 - precision: 0.9842

Epoch 00013: val accuracy did not improve from @.71488

235/235 [ 1 - 3255 1s/step - loss: ©.0284 - accuracy: ©.9880 - fl: 8.9762 - recall: ©.970@ - precision: 0.9842 . val 1
Epoch 14/16

2357235 [ ] - ETA: Bs - loss: 0.0296 - accuracy: 0.9886 - T1: ©.9776 - recall: ©.9737 - precision: 0.9829

Epoch 00814: val_accuracy did not improve from ©.71488

235/235 | ] - 325s 1ls/step - loss: ©.0296 - accuracy: ©.9886 - fl: 8.9776 - recall: ©.9737 - precision: £.9829 - val_l
Epoch 15/16

235/235 [ ] - ETA: @s - loss: 0.0243 - accuracy: 8.9899 - fl: 0.9804 - recall: ©.9737 - precision: 0.9885

Epoch 00815: val_accuracy did not improve from ©.71488

235/235 [ ] - 3295 1s/step - loss: 0.0243 - accuracy: 0.9899 - fl: 0.9804 - recall: 0.9737 - precision: 0.9885 - val 1
Epoch 16/16

235/235 [ ] - ETA: Bs - loss: 8.0246 - accuracy: ©.9891 - T1: ©.9798 - recall: 8.9791 - precision: 8.9860

Epoch 00816: val accuracy did net improve from ©,71488

235/235 | ] - 3255 1ls/step - loss: 0.0246 - accuracy: ©.9891 - fl: ©.9798 - recall: ©.9791 - precision: 0.9808 - val_l
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Train accuracy: 0.9891
Train loss: 0.024
Test accuracy: 0.6748

Test loss: 2.4683
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Input: X, K = |X|
t+1

Vr € X : Success, < 0
Ve e X : Failsy < 0

while t < T do

Ve € X : Oy ~ Beta(Successy + 1, Failsy + 1)
xt — argmaz(Oqg 1)

play arm x; and acquire wu;

Successz, + SuccesSz, + Ut

Failsg, <+ Failsg, + (1 — ut)
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