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Cloud qum

Requwe Comutatlonal Offloadlng to Edge Servers
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Coverage constraint
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At max single association constraint
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Capacity constraint
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Multi objective function
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Mathematical Formulation

Integer Linear Program

oo = {1 if useriis assigned to server j}
ij =

0 otherwise
o {1 if serveri is used}
=

0 otherwise

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

Vieusers Vj€eservers Vjeservers

Constraints:

Single Association: Z xij <1 Vie€users
VjEservers

Capacity: z W[‘xij < Cjkyj Vj € servers ,Vk € resource type

Vieusers

Coverage: dijx;j < cov(j) Vj € servers,Vi € users

Decision Variables: (M+1)N
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Quadratic Unconstrained Binary Optimization

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

E
= —Va z Z Xij t Vs z Yj

Vieusers VjeEservers vjezservers
+ /11 z ( z xij + li — 1)
Vieusers \Vj€Eservers

2

VjeEservers \Vi€users

+ 15 d;ix;i +n;; —cov(j) i
Z Z ( jxij j )

Vi€eusers VjEservers

E =x"Qx
X = {xij,yij, qu, q}’, qf: Vi € users AVj € servers AVp € R}

QUBO for is obtained by discretizing the slack variables [;,
m; and n;j, into binory);ogm as under, we get

n; =a 2‘quj—b € [-b,2a—Db)
p=0

Binary Decision Variables : (M+1)N+ R(M+N+MN)
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Problems with Prior Art

Dynamic scenarios require re-
WTA circuits do not encode computation of the QUBO
“at max” constraint matrix (updated penalty
coefficients)

QUBO solvers underperform
compared to Gurobi when
solving unconstrained
reformulations of ILP problems

Metaheuristic parameter tuners
for stochastic SNNs are
compute and memory intensive
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Our Solution

EXTRA
N~—_—
.,/f-..-- ---..\\_ 0
BCPNN _________________________ 'Dynamic Heuristic Generator |
2N NS NS N L Loadbias (per server) o
D P S DG/ User Size (per user) g ™
; Server Size (per server) §
3 CosSim (per user-server pair) -
T Je—i— No allocation: -
=2 Penalty scaled by »r and D 801
E Uncovered:
____________________________________________________________ . hard inhibition 7007 —— £=0.85, y1=-70, k=10, ymin=-90
er'lurer 1 Server2 Server3 Server4 No Serve N d 00 o2 o4 06 08 10 12 13
server fill degree f
/ PN P * A hybrid solver exploiting the EUA problem
< || Neuron < || Neuron characteristics to compute deterministic
. |3 S \ excitation/inhibition for individual units of
® ® = BCPNN inspired stochastic WTAs
— — 3
C tion K == C tion K . S
[ Casumie o = = — S » Requires HW support for Deterministic
NoC cPu Excitation Unit
P Neuron Dynamic
3 Heuristic
— ©
3 Generator )
k | Communication K: :>| Communication K: 7 Host CPU
v N\

HORIZON-CL4-2023-HUMAN-01-01 Grant no.101135809 — EXTRA-BRAIN 10




( Start )

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

v

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

A4

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.

A4

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

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.

A4

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

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

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

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

A4

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.

No

Has time ticks

reached?

|

Post-Processing to remove over subscriptions of servers
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Problem Instances

* 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.

Problem Instance Generator GUROBI
OPTIMIZATION
- —1.90
User heterogeneity degree [ T R R
0% 25% 50% 75% 100% 800 4
L —1.95
Server heterogeneity degree R mm—
0% 25% 50% 75% 100% r—2.00 -
2 600 s
Number of servers X ] r=2.05 5
0 @
Number of users Y E 400 4 r—2.10 €
" z
_ 2 - —-2.15 ©
Centralized case 4 2
o
200 r—2.20
Number of instances z
L —2.25
Generate Solution ) . . . o
0.0 0.1 0.2 0.3 0.4 0.5
MIPGap
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https://github.com/swinedge/eua-dataset.
https://github.com/swinedge/eua-dataset.
https://github.com/swinedge/eua-dataset.

Results

Index | Users | Servers | User Server Edge
(m) (m) demand resource | Compute

Heteroge | heteroge | Deployment
neity neity

1 113 10 0.25 0.00

2 111 12 0.50 025

3 94 14 0.25 0.50

4 149 16 0.5 1.00

5 156 18 1.00 1.00

6 145 20 075 1.00

7 287 22 0.50 0.00

8 208 24 0.75 0.75

9 165 26 025 025

10 173 28 0.75 075 Distributed,

11 209 30 0.5 0.25 City

12 179 32 0.25 0.00

13 255 34 1.00 1.00

14 239 36 0.00 1.00

15 352 38 1.00 1.00

16 435 10 075 0.50 Centralized

17 576 12 075 0.00 City

18 416 14 1.00 0.50

19 256 16 0.75 0.00

20 490 18 1.00 0.25

21 809 20 0.00 075

22 160 7 0.25 0.25

23 224 8 075 1.00

24 268 9 0.00 075

25 502 |11 0.75 0.50

26 464 13 1.00 0.75

27 624 15 0.50 075

28 448 17 025 05

29 693 19 05 075

30 672 21 1.00 0.00

Mean Diff

-1.9
0.4
-2.0
0.2 - (0]
g S 21
(o] o
(W] [w]
v 0.0 0 22 -
-0.2 - -2.3
T T T T I
0 50 100 150 0

Timestep

Performance gap (%) with Error Bars

T T
20 40

Timestep

40 4

30

First 15 avg: 10.01
Last 15 avg: 15.30
Total avg: 12.66
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Demo

Server-User Assignment - Timestep 1/74 (Sampled 62/156 use

rs)
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(x, y) = (144.958938, -37.818691)
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D e l I l O User Demand Assignment History: 1/161 Legend Fill Degree

Server 4 (128)

Server 5 (96)

Server 3 (64)

Server 2 (64)

Server 9 (32)

Server 6 (32)
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Users (sampled 217/435, sorted by demand)

Server 8 (32)
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IServer 10 (32)
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(x, y) = (64.5, 52.5)
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Demo

User 0 — Timestep 1/56 (Score: 0.503448)
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Thank You
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