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Optimal Allocation of Users to Edge Servers

AR/VR

Collaborative Intelligence

Cloud Gaming

Autonomous Vehicles

Require Computational Offloading to Edge Servers



Coverage constraint
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Only users located within the coverage of an edge server can be allocated to the edge server



At max single association constraint
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Every user is allocated to at most one edge server



Capacity constraint
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Total workload per resource must not exceed its server’s remaining capacity



Multi objective function
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Maximize the number of users  served by the minimum number of edge servers 



Location, Resource 
requirement of offloading 
requests   (CPU, MEM) 
from UEs

Neuromorphic  
EUA solver

Location, Coverage Area, 
Resource Capacity (CPU, 
MEM) of Edge Compute 
Servers
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Data Ingestion & 
Preprocessing

Offloading 
Connections

Offloading 
Execution

Pre-processing
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Mathematical Formulation
Integer Linear Program

𝑥𝑖𝑗 =
1 𝑖𝑓 𝑢𝑠𝑒𝑟 𝑖 𝑖𝑠 𝑎𝑠𝑠𝑖𝑔𝑛𝑒𝑑 𝑡𝑜 𝑠𝑒𝑟𝑣𝑒𝑟 𝑗

0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
𝑦𝑗 =

1 𝑖𝑓 𝑠𝑒𝑟𝑣𝑒𝑟 𝑖 𝑖𝑠 𝑢𝑠𝑒𝑑 
0 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

Objective Function: Maximize the number of M users  served by the 
minimum number of N  edge servers               

−𝛾𝐴 ෍

∀𝑖∈𝑢𝑠𝑒𝑟𝑠

෍

∀𝑗∈𝑠𝑒𝑟𝑣𝑒𝑟𝑠

𝑥𝑖𝑗  + 𝛾𝐵 ෍

∀𝑗∈𝑠𝑒𝑟𝑣𝑒𝑟𝑠

𝑦𝑗

Constraints: 

𝑆𝑖𝑛𝑔𝑙𝑒 𝐴𝑠𝑠𝑜𝑐𝑖𝑎𝑡𝑖𝑜𝑛: ෍

∀𝑗∈𝑠𝑒𝑟𝑣𝑒𝑟𝑠

𝑥𝑖𝑗 ≤ 1 ∀𝑖 ∈ 𝑢𝑠𝑒𝑟𝑠

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦: ෍

∀𝑖∈𝑢𝑠𝑒𝑟𝑠

𝑤𝑖
𝑘𝑥𝑖𝑗 ≤ 𝐶𝑗

𝑘𝑦𝑗  ∀𝑗 ∈ 𝑠𝑒𝑟𝑣𝑒𝑟𝑠 , ∀𝑘 ∈ 𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒 𝑡𝑦𝑝𝑒

                                             
𝐶𝑜𝑣𝑒𝑟𝑎𝑔𝑒: 𝑑𝑖𝑗𝑥𝑖𝑗 ≤ 𝑐𝑜𝑣 𝑗  ∀𝑗 ∈ 𝑠𝑒𝑟𝑣𝑒𝑟𝑠, ∀𝑖 ∈ 𝑢𝑠𝑒𝑟𝑠

Decision Variables: (M+1)N

Quadratic Unconstrained Binary Optimization

Applying the penalty multipliers  to penalize the configuration of 
decision variables violating the constraints.

𝐸

=  −𝛾𝐴 ෍

∀𝑖∈𝑢𝑠𝑒𝑟𝑠

෍

∀𝑗∈𝑠𝑒𝑟𝑣𝑒𝑟𝑠

𝑥𝑖𝑗  + 𝛾𝐵 ෍

∀𝑗∈𝑠𝑒𝑟𝑣𝑒𝑟𝑠

𝑦𝑗  

+ 𝜆1 ෍

∀𝑖∈𝑢𝑠𝑒𝑟𝑠

෍

∀𝑗∈𝑠𝑒𝑟𝑣𝑒𝑟𝑠

𝑥𝑖𝑗 + 𝑙𝑖 − 1

2

 

+ 𝜆2 ෍

∀𝑗∈𝑠𝑒𝑟𝑣𝑒𝑟𝑠

෍

∀𝑖∈𝑢𝑠𝑒𝑟𝑠

𝑤𝑖
𝑘𝑥𝑖𝑗 + 𝑚𝑗 − 𝐶𝑗

𝑘𝑦𝑗

2

 

+ 𝜆3 ෍

∀𝑖∈𝑢𝑠𝑒𝑟𝑠

෍

∀𝑗∈𝑠𝑒𝑟𝑣𝑒𝑟𝑠

𝑑𝑖𝑗𝑥𝑖𝑗 + 𝑛𝑖𝑗 − 𝑐𝑜𝑣 𝑗
2

𝐸 = 𝒙𝑻𝑸𝒙 

𝒙 = 𝑥𝑖𝑗 , 𝑦𝑖𝑗 , 𝑞𝑖𝑗
𝑝

, 𝑞𝑗
𝑝

, 𝑞𝑖
𝑝

: ∀𝑖 ∈ 𝑢𝑠𝑒𝑟𝑠 ∧ ∀𝑗 ∈ 𝑠𝑒𝑟𝑣𝑒𝑟𝑠 ∧ ∀𝑝 ∈ 𝑅  

 QUBO for is obtained by discretizing the slack variables 𝑙𝑖 ,
𝑚𝑗  𝑎𝑛𝑑 𝑛𝑖𝑗, into binary form as under, we get 

𝑛𝑖𝑗  = 𝑎 ෍

𝑝=0

𝑅−1

2−𝑝 𝑞𝑖𝑗
𝑝

− 𝑏 ∈  [−𝑏, 2𝑎 − 𝑏)

Binary Decision Variables : (M+1)N+ R(M+N+MN)



9HORIZON-CL4-2023-HUMAN-01-01  Grant no.101135809 – EXTRA-BRAIN

Problems with Prior Art

WTA circuits  do not encode 
“at max”  constraint

Metaheuristic parameter tuners 
for stochastic SNNs are  

compute and memory intensive

Dynamic scenarios require  re-
computation of the QUBO 
matrix (updated penalty 

coefficients)

QUBO solvers underperform 
compared to Gurobi when 

solving unconstrained 
reformulations of ILP problems
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Our Solution

• A hybrid solver exploiting the EUA problem 
characteristics to compute deterministic 
excitation/inhibition for individual units of 
BCPNN inspired stochastic WTAs

• Requires HW support for Deterministic 
Excitation Unit
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UEs resource demand servers capacity, 

set of available servers for each UE, 

Scaling and Bias terms for relative user 

demand, relative server capacity,  multi-

resource constraint, and no-allocation

Compute resource demand of each UE relative to the average resource 
demand of all UEs and compute the ratio of the total  resource  demand 

of all UEs to the total resource capacity of all servers 

Start

Compute for each UE, resource capacity of each available server 
relative to the average resource capacity of all the available servers to 
that UE, and compute the first vector of ratio of UEs resource demand 

to the resource capacity of each of the available servers

For each pair of UE and its available server, compute the cosine similarity 
between the first vector and the second vector.

For each server available to each UE,  compute the second vector of ratio of 
remaining resource capacity to the original resource capacity on that server. 

For each UE, construct a stochastic Winner-Takes-All circuit comprises 
of units corresponding to each server and an additional no-allocation 

unit, to implement “at –most” constraint.

For each unit in WTA representing the available servers for that UE, compute the 
server filled degree from WTA output and  calculate the external input based on 

the load bias function computed on the server filled, the resource demand of that 
UE relative to the average resource demand of all UEs, resource capacity of 

each available server relative to the average resource capacity of all the 
available servers to that UE, and the cosine similarity between the UE specific 

first vector and the server specific second vector. 

For units in WTA representing the unreachable servers for that UE, set 
the external input twice as much as minimum negative value of  load 

bias function

For units in WTA representing the no-allocation units, compute the 
external input based on the resource demand of that UE relative to the 
average resource demand of all UEs and the ratio of the total  resource  

demand of all UEs to the total resource capacity of all servers.  

Feed all the units in all WTAs based on the computed external inputs and the 
self-excitation/local inhibition, depending on whether the unit itself is activated in 

the timestep and obtain the user-server allocations

Adjust each term of the external inputs by using given scaling and bias values

Has time ticks 

reached?

No

Post-Processing to remove over subscriptions of servers

Stop
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• A synthetic problem-instance generator based on open-source EUA Data Set covering centralized and decentralized 
scenarios, each solved with Gurobi MILP solver with default parameters and 15 mins time-out limit.  
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Problem Instances

Problem Instance Generator

https://github.com/swinedge/eua-dataset.
https://github.com/swinedge/eua-dataset.
https://github.com/swinedge/eua-dataset.
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Results
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Demo
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Demo
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Demo
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Thank You
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