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Recall: Federated Continual Learning (FCL)

FCL categories: CIL, TIL, and DIL

Class-Incremental Learning Task-Incremental Learning Domain-Incremental Learning
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https://arxiv.org/abs/2302.03648

Recall: Regularization-Based FCL

Constrain the divergence
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https://arxiv.org/abs/2302.00487

Recall: Regularization-Based FCL

2 Low error for task B == EWC

mm Low error for task A - L2
. == NO penalty
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https://arxiv.org/pdf/1612.00796

Recall: Architecture-Based FCL

Split the model into several parts for different roles.

Parameter Allocation Modular Network

Images are from HAT
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https://proceedings.mlr.press/v80/serra18a.html

Recall: Replay-based FCL

Replay synthetic data samples

Images are from survey
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https://arxiv.org/abs/2302.00487

Recall: Normalizing Flow

Map samples into a distribution, e.g., Gaussian, and then generate
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https://arxiv.org/abs/2302.00487

Recall: GAN

Training set

Generator
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https://bdtechtalks.com/2018/05/28/generative-adversarial-networks-artificial-intelligence-ian-goodfellow/

Conditioning Determines Synthetic Data
Quality

Discriminator > Y
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https://learnopencv.com/conditional-gan-cgan-in-pytorch-and-tensorflow/

What Conditioning Does FCL Have?

Labels vs. ?
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Spatial and Temporal Variation Patterns

Spatial variational patterns: Relationships between clients within one task

Temporal variational patterns: Evolution patterns of spatial variational patterns
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https://www.ijcai.org/proceedings/2021/0213.pdf

Relational-Graph Construction

Task 1 /| Task 2
Clients
B B Attentions E B
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. g . ge . . . k Time
e Classifier: @. e Classifier updates of client i with task k: w;’.

e Spatial attention: «}; = softmax; (a(wf,w?)) € (0,1).

e Temporal attention: 3;; = softmax; (b(H}, HY,m)) € (0,1), where H; = {a} .}/_;.
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Meaning of Relational Graph
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Utilize Relational Graphs as Conditioning

Local Encoder EZ;,  Local Predictor F;

k
Real Data =; ycar~ Predicted -

Graph Row gf—> L 1, re§<E" | abel Y;
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Label y% Eisyn - &

Graph Row g'— Graph Row

Local GeneratorG; Global Discriminator D
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Utilize Relatlonal Graphs as Conditioning

{EPYicinn,
» {gz(t) }ZE[N] )

Prediction Loss {Fz.(t) bie[v]

Discriminator Loss Va
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Representation Alignment at Optimum

Before Training After Training
Mean Alignment: Vi € [N|,Vk € [K]

Elg; € veat] = Elg71€5syn) = Elgf] = g™

p (g’ic ’ gi]freal)

Training
p (gf | g’ik,real) q

p (giC ‘ gik,real) p (gf ‘ g’ik,real)
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Higher-Order Alignment

Mean Alignment: Vi € [N|,Vk € |[K
[ ‘ real] [ ’ 7 syn] — [gf] —

L4 : Lo — Gaussian NLL
(gz | &; real) %

(gz ‘ zreal)

J
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Mean and Variance Alignment

P (87 | Ereal)

(gz | zreal)
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Main Results

Method EMNIST-Letters CIFAR-100 TinyImageNet TCGA-BRCA US-States
Acc (%)t Forgetting (%)) Acc (%)1 Forgetting (%).. Acc (%)T Forgetting (%).. Acc (%)T Forgetting (%)) | MSE (x1072) |

GLFC | 4347 +£2.14 8.74+2.78 | 46.08 £2.70 5.66 + 1.74 | 42.93 +2.88 7.64 +291 | 59.74 £ 1.97 5.08 +£1.17 | 3.40 +£0.22
FedAvg-Adv | 25.67 +4.49 9.77 £ 3.17 32.05 =451 8.92 +2.01 25.41 £ 6.55 9.74 +£3.29 32.70 £ 5.20 7.92 +4.61 3.95+0.20
FedCIL 38.95 +4.53 8.87 £2.31 39.47 +£3.24 6.54 £ 1.72 45.75 £ 5.26 7.51+1.33 56.59 + 4.75 8.13 £2.40 3.14 + 0.31
MFCL 52.66 + 3.24 6.76 = 1.24 37.09 +3.76 5.26 + 1.87 47.82 + 3.09 8.11 £1.07 54.81 + 2.89 8.24 +1.84 274 £ 0.24
AF-FCL 41.22 £4.51 6.58 = 1.44 43.27 £4.77 587 +£2.35 5491 +3.72 7.84 +£2.02 67.44 + 2.59 292 +1.04 3.84 +£0.19
C?Prompt 68.47 + 3.81 7.42 + 1.80 67.93 +5.19 6.94 +2.77 7241 +453 6.72 +1.84 7248 +3.11 428 +1.95 -

AFL | 7517 £ 131  294+£079 |5533£155 3474085 |4944+£135 395+159 |6848+149 591+£076 | 2.62+0.11
GFedCL | 7723 £2.76 334+ 1.21 | 73.67 £3.42 424+ 145 | 77.39 +3.02 5.57 +1.88 | 7532 £2.19 393 +£1.25 | 241 +0.18
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Visualization of Groups in US-States
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Analysis: Replay Budget

Replay budget influences model performance

Ratio | Model EMNIST-Letters CIFAR-100 TinyImageNet TCGA-BRCA US-States
Acc. (%) T Time (s) | Acc. (%) T Time (s) | Acc. (%) T Time (s) | Acc. (%) T Time (s) | | MSE (x1072) | Time (s) |
GLFC 43.47+2.14 9.33 46.08 £ 2.70 14.61 42,93 +2.88 31.25 59.74 £ 1.97 11.45 3.40 £ 0.22 4.94
FedAvg-Adv | 25.67 +£4.49 7.33 32.05 +4.51 12.11 25.41 £6.55 27.25 32.70 £ 5.20 9.89 3.95+0.20 4.88
100% FedCIL 38.95 £ 4.53 9.67 39.47 +3.24 14.61 45.75 £ 5.26 33.25 56.59 £4.75 10.07 3.14+0.31 5.88
MFCL 52.66 £ 3.24 12.17 37.09 £ 3.76 20.53 47.82 = 3.09 40.70 54.81 + 2.89 15.77 2.74+0.24 5.10
AF-FCL 41.22 £4.51 9.17 43.27 £ 4.77 16.22 54.91 £ 3.72 35.14 67.44 £ 2.59 13.25 3.84 £0.19 6.12
GFedCL 77.23 +2.76 11.41 73.67 £ 3.42 17.34 77.39 +£3.02 36.11 75.32+2.19 12.37 2.41+0.18 5.78
GLFC 37.19£2.51 8.11 38.90 + 3.01 12.93 36.60 = 3.15 28.45 54.33 £2.25 9.94 3.67+0.28 4.41
FedAvg-Adv | 22.13 +4.88 6.52 28.34 +4.90 10.94 21.78 £6.90 23.66 29.80 £ 5.40 8.60 4.24 £0.25 4.36
S0% FedCIL 33.40 £4.95 8.35 33.20 + 3.62 12.73 40.84 = 5.70 30.10 52.01 £5.01 8.76 3.45+0.35 5.23
MFCL 46.38 & 3.66 10.28 32.33 +£4.10 17.92 42.18 = 3.44 36.98 49.66 + 3.20 13.72 2,98 +0.28 4.79
AF-FCL 37.35+£4.90 8.43 37.38 +5.15 14.35 49.68 = 4.11 32.91 61.20 +2.90 11.53 4.10+£0.25 5.48
GFedCL 69.27 + 2.85 10.02 66.34 + 3.61 15.86 71.16 £3.20 33.22 69.80 = 2.45 10.76 2.66 +0.21 5.13
GLFC 29.84 +2.80 6.89 30.85 + 3.44 11.03 28.56 £ 3.50 24.33 43.12 + 2.60 8.46 4.07£0.35 3.87
FedAvg-Adv | 17.97 £5.20 5.89 22.52 +5.33 9.82 17.61 = 7.40 20.51 20.73 £5.80 7.32 4.74 £0.33 391
0% FedCIL 26.91 +£5.30 7.34 26.24 +4.11 11.12 34.54 £ 6.10 26.45 41.22 +5.40 7.45 3.89+0.40 4.87
MFCL 40.16 = 4.01 9.46 26.90 + 4.55 15.53 35.43 = 3.88 31.90 40.01 = 3.55 11.67 3.24 +0.32 4.34
AF-FCL 33.16 £5.25 7.10 32.84 + 5.60 12.18 44.52 = 4.45 30.25 54.33 £ 3.22 9.80 4.41 £0.30 4.85
GFedCL 59.82 +3.12 8.94 41.46 + 3.98 14.22 63.42 + 3.44 31.87 61.50 + 2.80 9.15 2.43 +£0.22 4.49
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Analysis: Communication Overhead

QNE @OF &8D () Q & encoding
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Limitation and Discussions

Limitations
- No quantitative way to support the priority of using graphs as conditioning

- Graph is not general enough

However, it shows that
- FCL has many auxiliary conditioning beyond labels

- The information structure in CL matters
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