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® FL is an emerging direction in distributed machine learning that enables jointly
training a model without sharing the data.
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Time

Training progress

Low Training Efficiency in Federated Learning

=Ml

As datasets on clients explosively grow, learning

from these large-scale datasets becomes progressively

: : ] o o Model Aggregator
time-consuming, leading to the training efficiency (Aggregation Goal = 4)

decrease of FL. Server ] [ VIO |

Synchronous
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Due to the consistency of data distribution, a significant portion of data is redundant.
Objective:

II5:(x,y)~D [f(f([U,GO) (X), Y)] = IIE:(X,y)~D [f(f(S,GO) (X): y)]
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» Select a subset of images in a full dataset without performance drop
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Coreset Selection: An efficient tool to improve training efficiency.
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Motivation:

« EXxisting coreset selection methods applied to 60 == ECLC;%S(NMPSZOZI)
FL ignore heterogeneity of data distribution. . —+ Forgsting (CER2019)

s —=—  Moderate (ICLR2019)

The Coreset Selection work in FL lacks an s e |
effective lossless pruning criterion. They usually 2 \ Methods p
pay less attention to the heterogeneity of the &% Fofgjgng o
data distribution. As a result, applying such a HSZ_ Random 0.57
existing coreset selection criterion to FL will lead e 9
to exacerbation of data distribution imbalance. | FedCS(ours) 0.70

Pruning rate
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Methodology
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Methodology:

Class Center Aggregation

YL yij = k)zi; .
{zf == nli Yre[x ‘ {zF = median(z{) -1 }rem
oL Wy =k)
Local class center Global class center

Class center aggregation avoids important samples from overlooking caused by
discrepancy between client sample distributions and global sample distribution.
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Methodology:

DC Score

Choose the samples around decision boundary.

I k Vij
Sij = ‘mlnkiyij{dij}ke[%]_dij ‘

dij = [|zi; = 2*]l,
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Methodology:
Double Pruning
First perform high-ratio pruning on “Large-capacity Class” alone with higher pruning ratio pif.
Top — My (D', 57} {(xb vh), s},

f
D] = D\D’

Finally perform low-ratio pruning on remain samples alone with lower pruning ratio p;.
f of M
Top — My {Df S; } —{(xi5,vi5) 517} j=f1

f
D] = D\D’
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Convergence Analysis:

. 1 |[4L(327%G* +© Z/m 8LT Ly|w® —w*
]E[ (W ’D )] < (T ! ],) 3“2 D “2 2

2
8LT p
Ty
0

Compared to other methods which select hard samples, FedCS accelerates convergence
and gets final solution with lower error by reducing the Degree of Non-iid I'.
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Experiments:

Cifar10 on ResNet-18

a=0.1p =0.1

o = 1.0, pi =0.1

Methods
pl =01 p/ =03 p/ =05 p/ =07 p/ =09 p/ =01 p/ =03 p! =05 p! =0.7 p/ =09
EL2N  58.63%0m 58.06+0% 57.91+12 54.02+15 50.64+15 66.55206 64.28=0m 60.57+07 55.72+0s0 53,0700
Moderate  58.12+06 57.830m 56.72+0m 53.37+015 509320 66.18+051 64.78=0s 6340403 60.35%000 56.65+007
GM 58482051 579705 56.82+0s1 57.53x06 55.5240m 66,4002 65.17=0m 63.59+038 60.7904 57.060ss
GradND  57.93%0m 58324105 56.66+114 53.2412 51,9321 6629405 64.21%055 60.83%077 5620405 52.06%00
Forgetting ~ 57.75%07 56.50£097 5627125 52.27+15 5145214 66.18+06 62,5608 62.28=0% 59.15+105 54.76%1n
Random  58.24=0s 57.80+107 554614 56.01%16 54384200 66.52+067 65.45207 62.17+0m 61.02+115 58,1814
FedCS(ours) 60.18+07 59.62+0m 59.16:05 58.88:05 56,4605 6698104 66.11:09 63.82:060 61.64+071 58.42:+07
Whole Dataset 55.63+0ss 55.63+0s 55.63%06 55634068 55.63+068 66,0402 6604202 66.04+02 66.04+02 66,0402

Better performance & higher compression ratio
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Experiments:

Ablation Study

Cifarl0 on ResNet-18

Methods

CA DP

a=0.1,pl=0.1

a=10,pt=0.1

pl =03 p/ =05 p/ =07 p/ =09

pl =03 p/ =05 p/ =07 p/ =09

pi =030 p; =044 p; = 0.57 p; = 0.70 p; = 0.32 p; = 0.47 p; = 0.61 p; = 0.76

FedCS w/o CA, DP 57.41+100 56.56+125 52.76+145 51.55+157 63.80+072 61.28+086 59.32+100 55.14+112
FedCS w/o DP v 57.77+100 57.43+116 55.37+130 53.16+145 64.23+06¢ 61.67+075 60.01+081 55.75=093
FedCS w/o CA v 58.22x003 58.11+102 56.26+111 5378+ 64.90+057 63.37+06s 61.28+073 57.5] +os

FedCS v v 59.62+0 59.16+0s1 58.88+0s 56.46+0s8 66.11+049 63.82+060 61.64+0m1 58.42-+076
Whole Dataset 55.63+06s 55.63+06s 55.63+068 55.63+06s 66.04+024 66.04+02¢4 66.04+02¢  66.04+024
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