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Contents
● The adaptive routing problem in multi-path transport protocols
● Non-stationary environments
● Multi-armed Bandits (next session)

– Exp3 → MAB for non-stationary cases



Multi-path Transport Protocols
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The server, from the transport-layer ACKs, is able
to know the ‘RTT’ of each path.
Important: Only if we send data we obtain the information

Problem:
- Find the best strategy to send 
the data between paths.
- Data: a flow of B Mbps
- Strategy: B1, B2 ,… to be send by 
each path



Multi-path protocols
● On-going efforts by Internet community

– Multi-path TCP, Multi-path QUIC
● Guillem’s TFG, 2017 [1]

[1] Cañizares, Guillem, and Boris Bellalta. "Improving User's Experience through Simultaneous Multi-WLAN Connections." In Proceedings of the 2018 
International Conference on Embedded Wireless Systems and Networks, pp. 245-249. 2018.

This can be a topic for
another TFG!



MABs to learn the best sending strategy
● Let us consider 2 paths
● The RTT of each path is modeled as a M/M/1/K queue

● E[Si]=E[L]/Ci

● λi=αiB/E[L]
● α1+α2=1

bi0 1ai



Example 1 (Epsilon-greedy)
● C1=C2=10 Mbps; B=8 Mbps; | alfa1=[0 0.1 0.25 0.5 0.75 0.9 1]; alfa2 = 1-alfa1
● Deterministic channels: a1=b1=a2=b2=0; | ε=0.1; Delta=0;



Example 2 (Epsilon-greedy)
● C1=10 Mbps; C2=4 Mbps; B=8 Mbps; | alfa1=[0 0.1 0.25 0.5 0.75 0.9 1]; alfa2 = 1-alfa1
● Deterministic channels: a1=b1=a2=b2=0; | ε=0.1; Delta=0;



Example 3 (Epsilon-greedy)
● C1=10 Mbps; C2=10 Mbps; B=8 Mbps; | alfa1=[0 0.1 0.25 0.5 0.75 0.9 1]; alfa2 = 1-alfa1
● Deterministic channels: a1=0, b1=0.2, a2=0.2, b2=0.4; | ε=0.1; Delta=0;



Example 4 (Epsilon-greedy + channel changes T=200)
● C1=10 Mbps; C2=10 Mbps; B=8 Mbps; | alfa1=[0 0.1 0.25 0.5 0.75 0.9 1]; alfa2 = 1-alfa1
● T=[0,200]: a1=0, b1=0.2, a2=0.2, b2=0.4; | T=[200,400]: a1=0, b1=0.2, a2=0.3, b2=0.6; | ε=0.1; 

Delta=0;



Example 5 (Epsilon-greedy + channel changes T=200)
● C1=10 Mbps; C2=10 Mbps; B=8 Mbps; | alfa1=[0 0.1 0.25 0.5 0.75 0.9 1]; alfa2 = 1-alfa1
● T=[0,200]: a1=0, b1=0.2, a2=0.2, b2=0.4; | T=[200,400]: a1=0, b1=0.2, a2=0.3, b2=0.6; | ε=0.1; 

Delta=0;



Example 6 (Epsilon-greedy + channel changes + RESET)
● C1=10 Mbps; C2=10 Mbps; B=8 Mbps; | alfa1=[0 0.1 0.25 0.5 0.75 0.9 1]; alfa2 = 1-alfa1
● T=[0,200]: a1=0, b1=0.2, a2=0.2, b2=0.4; | T=[200,400]: a1=0, b1=0.2, a2=0.3, b2=0.6; | ε=0.1; 

Delta=0;



Example 7 (Static + channel changes)
● C1=10 Mbps; C2=10 Mbps; B=8 Mbps; | alfa1=[0.5]; alfa2 = 1-alfa1
● T=[0,200]: a1=0, b1=0.2, a2=0.2, b2=0.4; | T=[200,400]: a1=0, b1=0.2, a2=0.3, b2=0.6; | ε=0.1; 

Delta=0;

The slope is higher!
More time → it will be worse than 
previous options. 



Example 8 (… + Decreasing Epsilon + No RESET)
● C1=10 Mbps; C2=10 Mbps; B=8 Mbps; | alfa1=[0 0.1 0.25 0.5 0.75 0.9 1]]; alfa2 = 1-alfa1
● T=[0,200]: a1=0, b1=0.1, a2=0.2, b2=0.4; | T=[200,400]: a1=0, b1=0.1, a2=0.3, b2=0.6; | ε=1; 

Delta=0.02;



Example 9 (… + Decreasing Epsilon + RESET)
● C1=10 Mbps; C2=10 Mbps; B=8 Mbps; | alfa1=[0 0.1 0.25 0.5 0.75 0.9 1]]; alfa2 = 1-alfa1
● T=[0,200]: a1=0, b1=0.2, a2=0.2, b2=0.4; | T=[200,400]: a1=0, b1=0.2, a2=0.3, b2=0.6; | ε=1; 

Delta=0.02;



The code (Epsilon Greedy)



The code 
(Epsilon Greedy)



Activity
● Download Example7.zip code
● Execute: example7(2), and try other seeds
● Play with the value of C1 and C2, and values of a1, b1, a2, b2. Are the obtained results consistent?

– a) B=8 Mbps; C1=8 Mbps; C2=10 Mbps; a1=0.5; b1=0.5; a2=0.1; b2=0.9
– b) B=8 Mbps; C1=8 Mbps; C2=10 Mbps; a1=0.1; b1=0.2; a2=0.1; b2=0.9
– c) B=8 Mbps; C1=8 Mbps; C2=10 Mbps; a1=0.1; b1=0.2; a2=0.1; b2=0.6

● Change the reward from the difference, to the mean and maximum delay. 
– Discuss how sensitive is the algorithm to the reward definition. Are the obtained performance results better or worse? Try 

for a) and b)
● Update the Q-table following the ‘gamma method’. Try for gamma=0.1, gamma=0.5 and gamma =0.8. Discus the differences.

– Whis is the best gamma value? What does it mean?
● Play with different epsilon and Delta values.

– Epsilon = 0.9; Delta = 1/200;



Activity
● Homework: 

– Repeat the examples in this slides
– Implement TS and UCB to solve this problem

● If you do it, send me an e-mail with the results, and we can discuss about the obtained results



Reading
● Wilhelmi, Francesc, Cristina Cano, Gergely Neu, Boris Bellalta, Anders Jonsson, and Sergio Barrachina-Muñoz. 

"Collaborative spatial reuse in wireless networks via selfish multi-armed bandits." Ad Hoc Networks 88 (2019): 129-
141. https://arxiv.org/pdf/1710.11403.pdf

https://arxiv.org/pdf/1710.11403.pdf
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