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1 Background

What is the Container?

P> Container = isolated processes

» Filesystem, resources
» Lightweight virtual machine

P Container image = stack of

layers
» Template for creating a container.
» Metadata and layer content

P Easy to develop and package:
» Pull the container image
» Mount layers and start...
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A

Tianjin University

—

- 6189
st.iso al.1so

N

sha256: bb216113alo0...

sha256: a110e587166...

sha256: 9da01ef986a...

= oS

~— jS

o) n\|ve

rsianla

yer.t

Redis

r

r¢spoyit
prie

}Iayers

Container Image Docker Image Format



1 Background abar

Tianjin University

What is Container Orchestration?

> Strategy to man ag eco nta | nNers l U.S. application container market size, by platform, 2014 - 2025 (USD Million)

» Creating, scaling, upgrading containers...

Rapid advancement / E H i

P To automate a series of container - i I I I
g22 1430 =

taSKS 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

L WWW, h.com

» Container configuration and scheduling...

» Container deployment and scaling...

Kubernetes
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P Simplify management and save cost:

Apache Mesos (With
» Automated management on a large scale... P Marathon)(
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Advantages of Edge Computing

e Low latency. Computing
resources are deployed on
edge nodes close to end
devices to achieve faster
response time.

 Bandwidth  saving. Data
processing and analysis are
performed at the edge of the
network to reduce the
demand for backbone network
bandwidth.

 Data privacy. Sensitive data
can be processed and stored

Emergence of edge computing

Cloud Server Cluster

Cloud Server Cluster

End Devices Fnd Devices — on edge devices to reduce the
: risk of data during
Centralized Cloud Computing Distributed Edge Computing transmission.
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Fast Container deployment

P Containers-as-a-Service
» Amazon ECS, Azure Container Instances...

P Scaling in Function-as-a-Service
» FaaSNet [Wang et al., ATC'21]

P Software updates More and more latency-sensitive
» Upgrading of container version ... services are deployed in edge-clouds
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Challenges in Edge-Clouds

P High latency, low bandwidth links

» Slow to download images from remote...

P Unstable network performance, heterogeneous resources

» Complicated container placement...

P Resource constraints in edge clouds:

» Storage granularity of a complete container image is expensive...
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Problem with Containers

P Large number of redundant files
» Slow down image transfers Imagel
» Strain bandwidth and storage

Image3

)

sha256: bb216713...

sha256: a110e587...

Docker Hub analysis reveals that over 99.4% of
files contain duplicates [Zhao et al., TPDS’20].

P Granularity changes import new

cost
» Challenging backward compatibility Imagel sha256: 9da01ef9. .

Image3

98 x higher layer pull latency brought by a
simplistic file-based structure solution

Redundant files

[Zhao et al., ATC’20]. Redundant files in different layers
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Workload Analysis

P Great potential in edge clouds 32| mmos @
» Low resource utilization of disk and 0;23 M Banduddth
bandwidth

> Better network performance of geo-nearby = — T = —

E 12
240 o640
= Geo-nearby edge clouds

PERESPSF edge cache of images S 160 |
» Pulls contribute to 80%... 2 o0 / R

Geo-remote edge clouds
. 2 ol !
> “ H Ot” | mages ; “hot” |aye rS... 0 500 1000 1500 2000 2500 3000 35002 0 500 1000 1500 2000 2500 3000 3500

. ] Geographical distance (km)
» Daily changing demand...
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Our contributions : Quicklayer — a layer-stack-oriented
accelerating middleware for fast deployment in edge clouds

» We design a image refactoring solution which is compatible with all
standard container engines and registries. It optimizes images and
preserves the convenient stack-of-layers structure of containers.

» We implement a customized K8s scheduler which extends the
awareness of network performance, disk space, and container layer cache
to make a suitable container placement for fast deployment.

» We design a distributed shared layer-stack cache and make cooperative
container deployment among edge clouds to accelerate deployment.
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Quicklayer Architecture

» The image refactoring solution

(_( Master node )ﬁ f_( Worker node )ﬁ

Py ) ) . is based on @ Refactorer.
! @Qulcklayer ' —{KSs API server |« » Kubelet H Containerd]
i scheduler ! / . -
(" Scheduling || o @proxy e ——
] < 1 -
E mogule ) E _ Y ) n[@Proxy : Lifecycle manager i » The customized K8s scheduler
| (Orchestration] . ‘ . o I is based on @ scheduler.
'\__module Ji K@Metadata DB ® Layer)| | [ Cache manager | :
== s D data DB j»+{® Quicklayer agent i
(_( Server registry - - » The shared layer-stack cache,
[ @ Refactorer k ¢TI > cooperative deployment are
Naif've Refa:tored i [ ] Components of Quicklayer E based on @ scheduler, @ agent,
[ images J [ images ] ' [ | Components of standard ,: and @ cache DB.
\
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Container Image Refactoring

Refactoring Operation

Unique layer (,—v m
Shared laye @ Formed as a
unique la erl /llb | | /bm | / i i
que layerl_— = Step 1: Generating file metadata

=) % /g0.1:20.2 i | /systemd Tl .
it MR || Enchformed and merged view
[ /g0.1.202 || /x86_64-linux-gnu | [ <7 -

syll:.:::;hc a shard layer
1. Find redundant files = 2. Refactor image layer Refactor directory view

Step 2: Determine the shareability

Layer-reuse is highly improved by refacotring. of files based on the m erged view
s Naive injages Refactored|images

5 o[¢ o @Q\" | 9 ¢ o

\ Step 3: Refactoring the new
Redundance flles in different Files (grey nodes) will be Shared layer layer structure

pruned and directly shared in
the shared layers through
symbolic links

image layers by refactoring
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Customized Scheduler

Orchestration ]_

Plugin Kind | Weight Stage . . .
Network performance Extend 1 Filtering & Scoring Scheduling module: extending K8s with network-
Layer locality Extend 1 Scoring <= aware (through a tailored measuring module with
Resources balanced allocation | Mocify | 1 __ Scoring K8s label mechanism) and layer-aware capacities.
Least requested priority Modify 1 Filtering & Scoring
! - T ' —— User-friendly:
ﬁ';:f.ﬁﬁgfﬁ Scheduling "\ | | Sqrt Biad | : Scheduler YAML with
: module . i Filter=Score | : custom factor weight
’ i Muti-staged Issue : : scheduler
[Ba';l'l“v’ll‘dthJ Noﬁfy E scheduling deploy 7 L - DOOSEEr-schedurer - control-plane
Binding node Pull 1 i Registry )y« : Pull | -ment . :
v metada:mi 1 ayers

rate___module “Trans User-friendly: ; -
Notify layers Service YAML with : + booster-sche

\~---------°— ------------------ I GeO'nearby The binding CUStom reStriCtionS - : fengyicheng/fengscheduler:v2

Customlzed SChEdlller edge clouds edge cloud : booster-scheduler



Z

popular layer a

popular layer_ b “
popular layer c¢ P2P

Cache DB

Local layer

Local layer

Layer from clouds

Layer from clouds

Container image

Deployment

P2P

| popular layer c |

|_popular layer d |

popular layer e
Z

Cache DB

Orchestration module: generating the Quicklayer

Layer-stack Cache and Cooperative Deployment

Deployment Manifest (QDM) and notifying to edge
clouds to inform them how to accomplish the

layer cache is optimized by an
improved ARC (Adjustable Replacement Cache) policy;

deployment task;

peer
master node

(worker node)

Tianjin University

binding
node

I-1: issue deploymgnt event 0

- —

[-2.1: send QDM !

1-2.2: send QDM !

& metadata

A

I-4: back deploynllent result

& cache uplate
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Experimental Setup

P Testbed setup

» Two edge cloud clusters (each with 1 master node, four worker nodes)

» Worker node: 2 vCPUs and 4GB RAM
» Mater node: 4 vCPUs and 8GB RAM
» 400Mbps within cluster, 100Mbps to cloud

P Container and workloads
» 17 popular official container images (5.96GB) from Docker Hub

» Real workload dataset from IBM

» Kubernetes v1.24.10, Docker Reqgistry 2.0 v2.8.1
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Preliminary Results

- = R%{g:‘i;gggf:ﬁg% 00 [ Il Unique layer size before refactoring (b)
2] I Shared layer size before refactoring
E 5500 (a) | I I Unique layer size after refactoring > Quicklayer improves the
> §600 Share(: layer size after refactoring proportion of shared layers
& 5000 < by reducing the redundant
= 3 400 : nl . . .
@ N image size by up to 3.11 times.
24500 7200
Q
= O
0}
4000ATL 012345678 091011121314151617  » Quicklayer saves a total of
All images Image name (correspond to table below) 15.5% of storage space in the

Image name| [.python 2.golang 3.openjdk | 4.ubuntu |5.memcached registry
6.httpd 7.mysql 8.mariadb 9.redis 10.postgres | 11.rabbitmqg
12.registry |13.wordpress| 14.ghost 15.node 16.flink | 17.cassandra
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Preliminary Results
E 0=
$ 009 \ 4
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208
3
=07
g 0.6 —A— K8s-native
T'Ec | -~ Quicklayer
Z‘s 0555 100 200 300 200 500

Cache size (MB)

» Quicklayer speeds up the container deployment process by up to 1.64 x
compared to the baseline with 500MB cache space.
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rWe propose Quicklayer, a layer-stack-oriented acceleration middleware for fast container
deployment in edge clouds. Quicklayer fully exploits the potential of edge clouds and
provides a holistic approach around the layer-stack structure to accelerate deployment. J

Shared
Image Customized

Layer-stack

Refactoring Scheduler cache

More appropriate
deployment
decisions

Fine-grained
co-deployment

Much more shared
layers in edges

) ] : . A N
Avlayer-stack-oriented acceleration middleware for fast deployment in edgeiclouds




Eat ‘8

Thanks Everyone!

¥y

O'.

nﬂa

~'U

pmE

awF
dwn
=N




