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Fig. 1: Docker specific refactorings taxonomy.
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TABLE IV: Discovered Docker-specific refactoring types

Refactoring Type Artifact Description

Extract stage Dockerfile Extract multi-stage building from a single-stage Building

Inline stage Dockerfile Aggregate multi-stage building into a single stage

Move stage Dockerfile Move a stage from a multi-stage context into another single stage context in a different Dockerfile

Sort Instructions Dockerfile Order Instructions sequence from the least frequently changing to the most frequently changing

Replace ADD Instruction D Replace ADD instruction with COPY Instruction when files/directories need to be only copied from host to

: : ockerfile :

with COPY Instruction container

Extract Run Instructions Dockerfile Extract Run instructions commands into a separate script file

Inline Run Instructions Dockerfile Inline Run instructions into a single RUN instruction using && operator

Remoye Riin, Tnstricton Dockerfile Delete RUN instruction with mv command and use previous COPY or ADD instructions to set the correct path

including mv command

Update Base Image Dockerfile Avo§d usi.ng' unnecessary heaxfy image, repla}ce base image Witl:l a lighter one i i i
Dockerfile Avoid building and downloading dependencies on top of base image, replace base image with a larger one; if

dependencies are fixed and a similar image exits in public or private repo,use an existing Image

Rename Image

Docker-compose

Set a relevant Name and TAG including the necessary information of your image (version, software..)

Dockerfile Add or rename Image alias

Update RUN Instruction Dockerfile Ref.ormat RUN mstructlon‘commands; split comr'nands into multiple lines where each line represents a single
option/argument, order option/argument alphabetically, use backslash ...

DockEifile DRY principle, set a dynamic TAG using ARG instruction to avoid creating a new Dockerfile when TAG is
Update Base Image TAG only changing

Dockerfile Change TAG value or Replace latest TAG with an explicit TAG
Add ENV variable Dockerile Add ENV variables to store useful system-wide values

Docker-compose

Add ARG instruction Dockerfile DRY principle, set dynamic instructions using ARG instruction to avoid creating a new Dockerfile for similar

images

Extract Ports Attribute

Docker-compose

Extract ports attribute into an override Docker-compose file

Extract Volume Attribute

Docker-compose

Extract volume attribute into an override Docker-compose file

Extract ENV Attribute

Docker-compose

Extract ENV attribute into an override Docker-compose file or use .env file

Move Service

Docker-compose

Extract service into an override Docker-compose file

Rename Service

Docker-compose

Set a relevant Name for the service

Rename Container

Docker-compose

Set a relevant Name for the container

Rename Volume

Docker-compose

Set a relevant Name for the volume

Add Extends attribute

Docker-compose

Add Extends attribute to inherit configuration from an existing service thus avoiding duplication

Reorder Services

Docker-compose

Order services based on their dependency order

Update Image TAG

Docker-compose

Change TAG value or Replace latest TAG with an explicit TAG
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TABLE V: Discovered Docker-specific technical debt categories.

Technical Debt Artifact | Goal Situation Consequence
. Refactorings are used to reduce the final image Addl.ng new/changm.g components Huge disk space, difficult to upload
Image size Dockerfile | . requires huge modifications and
size . and a huge attack surface
may lead to unexpected behaviors
; : Refactorings are used to reduce the build or re- | Docker engine takes a lot of time | Evolving and changing the image be-
Buildme Doskertile build time to build the final image came difficult process
Refactorings are performed to increase the level : :
— Docker- e p e Adding new components require .
Extensibility Py of abstractions and improve the reusability of dubhication Duplication
P the Dockerfile and Docker-compose files. P
L Docker- | Refactorings are introduced to fix duplicated . Adding new/changing existing com-
Duplication compose | fragments in Dockerfile and Docker-compose. Duglicaied. fragments ponents is difficult and error-prone
Refactorings are performed to ease the modifi- : : Modifications and upgrades require
e . . . Adding new/changing components .
Maintainability Both cation as well as preventing large impact/spread . g o huge endeavors and conceivable
. requires modifying existing files .
of future bugs/unexpected behavior downtime
Understandability Both Refactorings are applied to r'educe the effort to Huge efforts to understand code Slight anfi simple qulﬁcatlons will
understand code, e.g., renaming elements become time consuming
Modularity Dockerfile Refactorings are used to reduce image complex- Complex image Adding new/changing existing com-

ity by breaking image into various stages.

ponents is difficult and error-prone
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diff --git Dockerfile

-—— a/docker/elasticsearch/Dockerfile

+++ b/docker/elasticsearch/Dockerfile

@@ -1,17 +1,12 @@

-FROM openjdk:8

+FROM jwilder/dockerize:0.6.1

-RUN apt-get update && apt—-get install -y wget
= && apt—-get install -y curl

—ENV DOCKERIZE_VERSION v0.6.1

10 -RUN wget https://github.com/jwilder/docke[...]
11 - && tar -C /usr/local/bin -xzvf docker[...]
12 = && rm dockerize-linux—-amd64-$DOCKERIZ[...]
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Listing 4: Commit 4£f221f9 from datahub: Refactored
Dockerfile to reduce the number of pushed layers on a re-

build.
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