Commonwealth
Cyber Initiative

WOS: An Optimized Scheduling Scheme for Wireless Federated Learning

Fangtong Zhou#, Yi ShiT, Yubo Wux, Shiva Acharya*, Luiz DaSilvaT, Sastry Kompella¥, Wenjing Lou*, Y. Thomas Houx
* Virginia Tech, T Commonwealth Cyber Initiative, ¥ Nexcepta Inc.

State-of-the-art

7

VIRGINIA TECH.

Open Questions

Background

}_J.{}} ﬁ Mode Aggrega%n and Updating .6/(0) -6(0) 9(0) None of given SOTA addresses the first
-1 I - Ro-und 1 R-d 1 question: How to set K?
-9(1 . oun ; . . .
& ® Round 1 -QEZ% — 0(1) - Observation: A fixed K is not plausible
Uploading Broadcasting T N 9(1) '9(3) :
I -I-I L] i (4 Round 2 9(2) Round 2 m Adaptive K
Round 2 L -g g l_ -L9(3) Why is this question so challenging in wireless
® ® ® 90 ST T B(7 Round 3 Round 3 environment?
m Local Training ﬁ Local Training ﬁ Local Training - T T ( ) - —~~9(4 . . . : :
- ; o (4) ; B Ending time includes uploading time
i “Wait-for-all” Strategy Wait-for-one Strat_egy Wait-for-K” Strategy ¢ Scheduling algorithm
Data Collection D Data Collection D : m Server must wait for all clients to - At ser\{er, UESReRIiE d llocdlgmoder, B A generalization for “Wait- + Wireless channel condition
Robot 1 1 Rebot2 DM CollectionDz b hot N Pata Collection Dy finish training immediate update global model for-all” and “Wait-for-one”
Use Case B Each client waits for the new ¢ ?r;(ir?sg?asttely =W global model m UAV waits to receive K local

global model to train its next

, models for aggregation
B Area reconnaissance model B At local client

Results: Case Study

training AND “Wait-for-K” Case 1

S h g N Pros o Completes its local
B >earch ana rescue . uploads its local model B Select K clients, prioritize to i
y B [ncorporate all local models in - Single UAV, 20 robots
Key Challenges AN : faregation + Then work with the latest version of those not selected in the 40 RBs
- - ~x A ) global model for next round training i S
m Bandwidth-constrained B Clients always work with freshest Pros Prifpus roune Dataset: MNIST : 08
] " ¥ " o Proposed: W
B Dynamic channels global model m No straggler effect Wait-for-K” Case 2 Model: DNN (314K B) E’» Wait-for-one
: : : I = I Wait-for-all
m Varying local computation time Cons » Ofiel most leafyv < iﬁ;encrt]etloiafeTbOts i e Total time: 90 s 2 Wait-for-K-1
. . . . m St | ffect (| It i ait-for-K-
FL supports many distributed applications such as fricaglot= (,cmg wait) Cons Scheduling slot: 50 ms ‘ - e
. . . + Fewer learning rounds under B Wide disparity in model versions being
finance, healthcare, autonomous driving, by enabling o — . .
. o . . given time trained by local robots (intractable e B B B B
collaborative model training without sharing local data. B Single robot failure (wait forever) contribution from local models) - - Hz
| ' n
_ - |
° ° ° ° ® é 13- L1 (g NO rObOt IS nOt
Proposed Approach: Wait-for-Optimal Set (WOS) WOS: Wireless Customization £ selected in more
c Y 02 thanR =2
Objective Clients start to upload immediately once they finish training | : - £ continuous rounds
B Determine the optimal subset of clients to be selected in each round by selecting all clients completing WOS dynamically allocates RB in each TTI to minimize the E
their training before a cut-off time maximum uploading latency among selected clients so the 9% 5 10 15 z
: . - . . . : - Round
To improve global model accuracy, should consider gap in model-version for setting cut-off time bandwidth can be fully exploited i
m Make sure all clients complete their local models in no more than R rounds |:l:| RBs . Computation time Uploading time §
B Guarantee the model-version gap between a local and the global models is no greater than R %
| — 1 . g The number of
Set cut-off time as A — max {Tﬁ%ﬁo T%%ﬁl Tgcll%ﬁz max } 2 z _ : | E selected robots in
CULoy; R ’ R-1’ R-2 '’ gap=k-l Robot 1 : : | | 5 each round is varying
=
m 7,055 is the computation time of the slowest client with i model version gap @ - g « m | z
| I I
Example when R = 2 Robot 2 : : : - :
I
onds (=0 00 00 o Zo :
Ac:mm]"]"" =—=05 Est. Comp. 3 6 8 10 Robot 3 | | | : Time (s) o o
Z | W@ . . ' - ' ' . Publication
Round 2 VMOEE'D 0 0 0 1 1 1 When R = 2, Acuto ff — Robot 2 starts Robot 1 starts Robot 3 starts
er. Ga Tmax i tot it tot it d .
Acutoff = Max {E, 5} = g | Est.Come @ 10 | 16 @ @ @ max(-222=2, Tmax | RN 1 TR Qg:(T)O rAnei F. Zhou, Y. Shi, Y. Wu, S. Acharya, L. DaSilva, S.
‘ o . min max T;(7), Ti(7) = s ¢ Kompella, W. Lou, and Y. T. Hou, “WOS: A
Round 3 -~ R is the Model-version iENL(T) 2j=1 %i (DY ompg 2 ARSI f?'n - NS 5 (A
19 verGap | O 1 1 0 0 0 oap threshold, which is a 0£(2) is remaining upload size, xt () is RB assignment, vt Optimized Scheduling Scheme for Federated
— — st. Comp. ’ ] Z ) 7 ) 7 . . . . ) o
Acutoff = Max {7*8} =8 B @ @ 8 @ 12 10 tuning parameter N _ & Up L] 2 Vij Learning in Dynamic Wireless Networks,” in Proc.
Round 4 Model 0 0 ) 0 1 1 s rate on RB IEEE Military Communications Conference
10 ik Non-linear min-max integer programming problem MILCOM) Los Angeles CA USA Oct. 2025
bevors =max{za} =5 "5 8 (100 @ ©) | @ @ . B
Slowest robot with 0 Model Ver. Gap (" ) Selected Robots Reformulated to linearize as max_min 371, ——x] :(7) cyberinitiative.org
Slowest robot with 1 Model Ver. Gap iEN(T) Qi(t) ™



	Slide 1

