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Motivation

e The Functions-as-a-Service movement
o Event-based functions executing mostly stateless operations
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Serverless Computing: Current Trends and Open Problems, Research Advances in Cloud Computing. Springer (2017)

o Available as fully managed Cloud Services and Open-source Middlewares

o Usually short lived computations that are more sensitive to memory usage



Motivation

e The Edge Computing movement
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o Heterogeneous set of devices available for computation, particularly on-prem

o Reduces data transmitted to the cloud, saves bandwidth, enhances privacy
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Computing in the Future Smart Internet of
Things, European Commission (2021)
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Fixed posted pricing

» FaaS prices are set by the provider and do not react to demand

Scarce edge capacity under contention

» Under peaks the platform must decide which requests are best for the edge

Latency-dominated, short-lived functions

* Cold starts and transit dominate; batching an auction adds half a window of latency

Heterogeneous multi-tier, multi-provider continuum

* Edge, fog and cloud trade proximity against abundance: one posted price does not fit all




Related work
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e Single-sided vs two-sided market mechanisms for FaaS placement

tenant bids

provider

t t
enan node

tenant posted price
(no seller competition)

Single-sided auctions
Tenants compete, providers do not:
AuctionWhisk [9] runs one auction per request
on OpenWhisk, with static bids fixed at
deployment

FaaSBid [2] discounts idle fog capacity through
heuristics, but pricing remains one-sided
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Double auctions

Both sides bid: k-double / average, VCG,
Trade Reduction, no mechanism is
simultaneously IR, truthful, budget-balanced
and efficient (every rule gives one up [17])
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e A double-auction auctioneer middleware (clearing rule, matching algorithm
and adaptive bid protocol) that prices and places FaaS invocations across the
edge-fog-cloud continuum
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Architecture
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An auctioneer middleware between client devices and the multi-tier fog

asks — free slots, re-bid on completion

Middleware
auctioneer

client
devices

sorted ask book
A = (ask S, node)

_>

relay
& charge p

smmmmmnd intermediary

+“

fallback:
posted price

Every request and every free slot
passes through it

a global view of the capacity in its
local group

Providers advertise free slots as
asks

one message = an ask value + a
count of identical slots

Bidding is fully automated

tenants set pricing policies, providers
set capacity policies, i.e. nobody bids
per invocation



Online clearing algorithm
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e No buyer-side batching: asks are a standing, sorted book; each arriving bid

is cleared immediately against it

Algorithm 1: per request

State: sorted ask book A of (S, node) pairs
on buyer bid B:
release asks of completed jobs into A
j « rightmost ask S; < B > O(log N)
if j exists:
remove (S5, node)
p <~ (B+ S3) /2
relay request to node; charge p
schedule completion at t + exec
else:
send to cloud at posted price

from A > slot busy

on job completion at node:

node re-bids: ordered insert into A > O0(log N)

Price: p = (B + S)/ 2, buyer pays
less than it bid, seller gets more
than it asked, auctioneer keeps
nothing

Match: closest ask below the
bid: leaves cheaper nodes for
cheaper requests

Cost: O(log N) per request,
binary search on the sorted book
Re-bidding: the ask leaves on
match and returns on
completion, so the book stays
current



Evaluation

Workloads characterization
Bidding Mechanism

Latency
* The time taken to select a node

Load, utilisation and pricing
Marked segmentation



Workload Catalogue
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Six profiles, calibrated from the SeBS [1] benchmark suite, with different properties of
CPU and memory usage, warm and cold execution times

Workload SeBS kernel CPU I(Vl::g; V(Vrzrsr)n ?n?lso)l Description

sleep(t) - 0.02 16 1.0 — synthetic baseline

REST /HTTP  dynamic-html 0.99 32 1.2 130 short, large cold/warm gap
File hashing compression 0.88 270 470 607 long, CPU-heavy

g o irr:fgger;ition 099 179 125 1268 ML inference

:I’ri::s"form ‘F;L‘ii‘;sing 090 500 1484 1596 long, CPU + mem intensive
Graph BFS graph-bfs 0.99 128 37 123 short, CPU-bound




Clearing rules compared
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(¢} Budget balance
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e Across 400 markets of 25 buyers and 25 sellers: (a) EdgeClear matches VCG
on traded surplus, (b) alone lands on MTI = 1.00, and (c) needs neither a
subsidy nor a margin
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Travel-latency CDF: EdgeClear vs. cloud-only

e Half the requests complete in ~60

o 1.0 4
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= e . .
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Load, resource utilisation é.?ggggcid Ui 1Sk L

(a]l Where requests execute (b Edge resource utilisation
1.0 5
1.0 - . —8
==
gosd = 06 ;
)
E “E E b - H Il.I'
B = RAL +
= A LI
g 0.4 = 0.4 - g u % !
z i W
E = o
R 0.2 el I —a— adge CPU util.
=m adgpe mam util
“.':l = ':”:I T T T T T
0.2 0.4 0.6 0.4 1.0 2 0.4 0.6 0.8 1.0
Arrival rate & (req/ms) Arrival rate X (reqfms)

® The edge share shrinks and the cloud absorbs the overflow scarcity at the
edge pushes the marginal request outward — no admission control needed
e FEdge CPU saturates near 1.0 once A is moderate, the mechanism keeps

scarce resources busy rather than idle .



Revenue

(al PFrovider fog revenue
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(b} Mean travel latency (c) Served at the fog edge
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® Seller-side competition pays off on all three counts: EdgeClear roughly doubles
provider fog revenue, cuts mean travel latency by ~40 % against cloud-only, and keeps
~78 % of requests in the fog (against ~32 % for the single auction)
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Market segmentation
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® The market sorts itself into three price
vs. latency bands: pay more and run
closer.
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» EdgeClear clears FaaS requests online against a standing book of provider
asks, serving more requests at the edge, at lower latency, while monetising
idle fog capacity

= Tenants and providers still have an incentive to misreport their valuations; re-
insertion is modelled as instantaneous, hiding a small efficiency leak from re-
bidding delay; and profiles calibrated from SeBS on cloud hardware make
real edge nodes slower than simulated.

= Next steps include a prototype over an open-source FaaS platform such as
OpenWhisk, to validate the simulation on a real testbed, including the
auctioneer hop and re-bidding delay, and to extend the auction to the cloud
tier instead of treating it as a fixed-price fallback.



Lpescia [P TN 2 Sl

Thank you!
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