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Abstract—The release engineering process is the process that
brings high quality code changes from a developer’s workspace to
the end user, encompassing code change integration, continuous
integration, build system specifications, infrastructure-as-code,
deployment and release. Recent practices of continuous delivery,
which bring new content to the end user in days or hours rather
than months or years, have generated a surge of industry-driven
interest in the release engineering pipeline. This paper argues that
the involvement of researchers is essential, by providing a brief
introduction to the six major phases of the release engineering
pipeline, a roadmap of future research, and a checklist of three
major ways that the release engineering process of a system
under study can invalidate the findings of software engineering
studies. The main take-home message is that, while release engi-
neering technology has flourished tremendously due to industry,
empirical validation of best practices and the impact of the
release engineering process on (amongst others) software quality
is largely missing and provides major research opportunities.

I. INTRODUCTION

Release engineering is the process responsible for taking the
individual code contributions of developers and bringing those
to the end user in the form of a high quality software release.
From start to finish, a myriad of tasks need to be performed by

Why Researchers should Care

Shane MclIntosh
McGill University, Canada
shane.mcintosh@mcgill.ca

Mozilla Firefox [71] and the Facebook Mobile app have a
release “cycle time” of 2-6 weeks, while web-delivered content
like the Netflix and Facebook websites push new releases 1-2
times daily [65]. Furthermore, lean web apps like the popular
IMVU chat application! release up to 50 times per day [26].

As these pioneering organizations successfully developed
experimental tools and practices to make such rapid release cy-
cles a reality, Facebook’s release engineering director, Chuck
Rossi, claimed that “continuous delivery for web apps is a
solved problem” [65]. However, he did add “..., yet continu-
ous delivery for mobile apps is a serious challenge.” Indeed,
for every success and breakthrough that has been made, there
are a slew of failures. Even today, software organizations who
are not at the forefront of the release engineering revolution
need to consider what release practices should be adopted,
what tools they should invest in and what profiles should
be used to make hiring decisions. Even for the pioneers of
modern release engineering, newer technologies like mobile
apps still pose open challenges. Broader questions include:
what will be the long-term effect on user-perceived quality
of releases [43, 45], how quickly will technical debt ramp up
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Back in 2009 ...
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Nowadays ...
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Work fast and
don’t be afraid to break

things.

Mark Zuckerberg

CEO & Founder, Facebook
http://goo.gl/UICW
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e Before & After

e How quickly can we ship a chemspill release?
o 4-6-weeks 11 hours

e How long to ship a “new feature” release?
o 12-18months 6 weeks

e How many active code lines?
o 14/2 42

e How many checkins per day?

o ~15perday 325 perday

http://oduinn.com/images/2013/blog_2013_RelEngAsForceMultiplier.pdf 6
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/g Release engineering is a software
1 ' engineering discipline concerned with the
: ‘ 14/ 8 development, implementation, and improvement of
processes to deploy high-quality software
reliably and predictably.
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Release engineering is a software
engineering discipline concerned with the
development, implementation, and improvement of
processes to deploy high-quality software
reliably and predictably.

DevOps is an
organizational approach that
stresses empathy and cross-functional
collaboration within and between teams —
especially development and IT operations — in
software development organizations, in order
to operate resilient systems and
accelerate delivery of changes.

A. Dyck, R. Penners, and H. Lichter. Towards definitions for release engineering and devops, RELENG '15
N. Kerzazi and B. Adams. Who Needs Release and DevOps Engineers, and Why?, CSED ‘16
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DevOps is a set of practices intended to
reduce the time between committing a change to a
system and the change being placed into normal
production, while ensuring high quality.
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DevOps is a set of practices intended to

speed up release engineering?
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What can you
do for release
engineering?
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opening windows to a wider world
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Conflicts Cause Trouble

on average 16% of
all merges have
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(manual resolution

needed)

opening windows to a wider world

- Proactive Detection of Collaboration Conflicts (Brun et al.)
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Emerging Alternative: Feature Toggles

#itdef new feature on
/* code of new feature */
#endif

pre-compilation

31



Emerging Alternative: Feature Toggles

#ifdef new_feature_on if(new_feature_on==true){
/* code of new feature */ /* code of new feature */
#endif }
pre-compilation run-time
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THE #1 PROGRAMMER EXCUSE
FOR LEGITIMATELY SLACKING OFF:

“MY CODE'S COMPILING.”

—

HEY! GET BACK)
TO WORK'

{

»
https://xkcd.com/303/
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merfuconfig USB SUPPORT E I K f‘
bool "USB support" Xal I IP e Con Ig
depends on HAS IOMEM
default y
-——help---
This option adds core support for Universal Serial Bus (USB).

You will also need drivers from the following menu to use 1t.
1f USB SUPPORT

config USB COMMON
tristate
default vy
depends on USB || USB GADGET

# Host-side USB depends on having a host controller
config USB ARCH HAS HCD

boolean

default y if USB ARCH HAS OHCI

default y if USB ARCH HAS EHCI

default y if USB ARCH HAS XHCI

default y 1f PCMCIA && !M32R # s1811 cs
default y if ARM # SL-811

default vy if BLACKFIN ¥ SL-811
default y if SUPERH # r8a66597-hcd
default PCI




>3?
[ |
e Example (Keonfig

depends on HAS IOMEM

default y

—-——help-——-
This option adds core support for Universal Serial Bus (USB).
You will also need drivers from the following menu to use 1t.

1f USB SUPPORT

G configuration option

tristate
default vy
depends on USB || USB GADGET

# Host-side USB depends on having a host controller
Config USB ARCH HAS HCD conﬁguratmn option
DOOLlean

default y if USB ARCH HAS OHCI

default y if USB ARCH HAS EHCI

default y if USB ARCH HAS XHCI

default y 1f PCMCIA && !M32R # s1811 cs
default y if ARM # SL-811

default vy if BLACKFIN # SL-811
default y if SUPERH # r8a66597-hcd
default PCI




®
et Example (Kconfig)

depends on HAS IOMEM

default y

—-——help-——-
This option adds core support for Universal Serial Bus (USB).
You will also need drivers from the following menu to use 1t.

1f USB SUPPORT

configuration option
module/built-in/no

deTau ¥
depends on USB || USB GADGET

# Host-side USB depends on having a host controller
configuration option
es/no

default y’ if USB ARCH HAS OHCI

default y if USB ARCH HAS EHCI

default y if USB ARCH HAS XHCI

default y 1f PCMCIA && !M32R # s1811 cs
default y if ARM # SL-811

default vy if BLACKFIN # SL-811
default y if SUPERH # r8a66597-hcd
default PCI




o fig USB_SUPPORT
ez Example (Keonfig

depends on HAS IOMEM

default y

—-——help-——-
This option adds core support for Universal Serial Bus (USB).
You will also need drivers from the following menu to use 1t.

1f USB SUPPORT

configuration option
module/built-in/no

aeldu

# Host-side USB depends on having a host controller
configuration option
es/no

SISHNGRY \/ U 5" _ > "

default y if USB ARCH HAS EHCI

default y if USB ARCH HAS XHCI

default y i1f PCMCIA && !M32R # s1811 cs o
default y if ARM # S1,-811 — | constraint
default vy if BLACKFIN # SL-811

default y if SUPERH # r8a66597-hcd

default P
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~# Example (GNU Make)

.o “g




~# Example (GNU Make)
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% Example (GNU Make)

hello: hello.o util.o main.o
gcc -0 hello hello.o util.o main.o
hello.o: hello.c hello.h

gcc -0 hello.o -c hello.c

hello.o

util.o: util.c util.h

gcc -o util.o -c util.c

hello.c

main.o: main.c hello.h util.h

gCcc -0 Main.o -c main.c



\Q Example (GNU Make)

hello: hello.o util.o main.o

gcc -0 hello hello.o util.o main.o

hello.o: hello.c hello.h
gcc -0 hello.o -c hello.c
hello.o

util.o: util.c util.h

gcc -o util.o -c util.c

hello.c

main.o: main.c hello.h util.h

gCcc -0 Main.o -c main.c



o Exam P le (G NU M ake)

hello: hello.o util.o main.o
gcc -0 hello hello.o util.o main.o
hello.o: hello.c hello.h
gcc -0 hello.o -c hello.c
hello.o

util.o: util.c util.h

gcc -o util.o -c util.c
target

hello.c

main.o: main.c hello.h util.h

gCcc -0 Main.o -c main.c



o Exam P le (G NU M ake)

hello: hello.o util.o main.o
gcc -0 hello hello.o util.o main.o
hello.o: hello.c hello.h

gcc -0 hello.o -c hello.c
hello.o

util.o: util.c util.h

gcc -o util.o -c util.c
target dependencies

_—/

main.o: main.c hello.h util.h

hello.c

gCcc -0 Main.o -c main.c



P Example (GNU Make)

hello: hello.o util.o main.o

gcc -0 hello hello.o util.o main.o

hello.o: hello.c hello.h
gcc -0 hello.o -c hello.c
util.o: util.c util.h

gcc -o util.o -c util.c
target dependencies

_—/

main.o: main.c hello.h util.h

gCcc -0 Main.o -c main.c

hello.o

build recipe



A Full Build

hello: hello.o util.o main.o
gcc -0 hello hello.o util.o main.o
hello.o: hello.c hello.h
gcc -0 hello.o -c hello.c
util.o: util.c util.h
gcc -o util.o -c util.c
main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c



A Full Build

hellojhello.o util.o main.o @
gcc -0 hello hello.o util.o main.o

hello.o: hello.c hello.h

gcc -0 hello.o -c hello.c
util.o: util.c util.h

gcc -o util.o -c util.c
main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c



A Full Build
heIIo: util.o main.o @

gcc -0 hello hello.o util.o main.o
hello.o: hello.c hello.h

gcc -0 hello.o -c hello.c
util.o: util.c util.h

gcc -o util.o -c util.c
main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c



A Full Build

heIIo:ﬁeIIoa util.o main.o
does hello.o exist? NO
o)

is th :
IS there a rule for hello.o? YES

hello.c hello.h

gcc -0 hello.o -c hello.c

util.o: util.c util.h
gcc -o util.o -c util.c
main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c



A Full Build

hello: hello.o util.o main.o @
gcc -0 hello hello.o util.o main.o
hello.ojhello.clhello.h

does hello.c exist? YES hello.o
R e——— o ——————

util.o: util.c util.h

gcc -o util.o -c util.c

hello.c

main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c



A Full Build

hello: hello.o util.o main.o @
gcc -0 hello hello.o util.o main.o
hello.o: hello.clhello.h

does hello.h exist? YES e

IR ——— L ———————
util.o: util.c util.h

gcc -o util.o -c util.c

hello.c

main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c



A Full Build

hello: hello.o util.o main.o @
gcc -0 hello hello.o util.o main.o
hello.o: hello.c hello.h

hello.o

util.o: util.c util.h

gcc -o util.o -c util.c

hello.c

main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c



A Full Build

hello: hello.olutil.o]Jmain.o @
gcc -0 hello hello.o util.o main.o

hello.o: hello.c hello.h

gcc -0 hello.o -c hello.c hello.o
util.o: util.c util.h

gcc -o util.o -c util.c

hello.c

main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c



A Full Build

hello: hello.o main.o @
gcc -0 hello hello.o util.o main.o
hello.o: hello.c hello.h
does util.o exist? NO

~is there a rule for util.o? IES |
util.c util.h

gcc -o util.o -c util.c

hello.o

hello.c

main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c



A Full Build

hello: hello.o util.o main.o @
gcc -0 hello hello.o util.o main.o

hello.o: hello.c hello.h

gcc -0 hello.o -c hello.c hello.o

util.o: util.h

does util.c exist? YES
D ——

: - : hello.c
main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c




A Full Build

hello: hello.o util.o main.o @
gcc -0 hello hello.o util.o main.o

hello.o: hello.c hello.h

gcc -0 hello.o -c hello.c hello.o

util.o: util.c

does util.h exist? YES
——

. . R . hello.c
main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c




A Full Build

hello: hello.o util.o main.o @
gcc -0 hello hello.o util.o main.o

hello.o: hello.c hello.h

gcc -0 hello.o -c hello.c hello.o

util.o: util.c util.h

hello.c

main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c



A Full Build
hello: hello.o util.o @

gcc -0 hello hello.o util.o main.o

hello.o: hello.c hello.h
gcc -0 hello.o -c hello.c hello.o
util.o: util.c util.h

gcc -o util.o -c util.c

hello.c

main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c



A Full Build
hello: hello.o util.o @

gcc -0 hello hello.o util.o main.o

hello.o: hello.c hello.h
gcc -0 hello.o -c hello.c hello.o

util.o: util.c util.h

does main.o exist? NO
Is there a rule for main.o? YES

ain.c hello.h util.h

gCc -0 Main.o -Cc main.c

hello.c



A Full Build

hello: hello.o util.o main.o @
gcc -0 hello hello.o util.o main.o

hello.o: hello.c hello.h

gcc -0 hello.o -c hello.c hello.o
util.o: util.c util.h

gcc -o util.o -c util.c
. : . hello.c
main.o hello.h util.h

does main.c exist? YES
RRp— e ——



A Full Build

hello: hello.o util.o main.o
gcc -0 hello hello.o util.o main.o

hello.o: hello.c hello.h

gcc -0 hello.o -c hello.c hello.o
util.o: util.c util.h

gcc -o util.o -c util.c

. . . hello.c
main.o: main.c lhello.hjutil.h

does hello.h exist? YES
TRER—— e ———



A Full Build

hello: hello.o util.o main.o @
gcc -0 hello hello.o util.o main.o

hello.o: hello.c hello.h

gcc -0 hello.o -c hello.c hello.o
util.o: util.c util.h

gcc -o util.o -c util.c

main.o: main.c hello.h

hello.c

does util.h exist? YES
RERE— - ——————



A Full Build

hello: hello.o util.o main.o @
gcc -0 hello hello.o util.o main.o

hello.o: hello.c hello.h

gcc -0 hello.o -c hello.c hello.o
util.o: util.c util.h

gcc -o util.o -c util.c

. . . hello.c
main.o: main.c hello.h util.h




A Full Build

hello: hello.o util.o main.o

hello.o: hello.c hello.h
gcc -0 hello.o -c hello.c hello.o
util.o: util.c util.h

gcc -o util.o -c util.c

hello.c

main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c



A Full Build

hello: hello.o util.o main.o

gcc -0 hello hello.o util.o main.o

hello.o: hello.c hello.h
gcc -0 hello.o -c hello.c hello.o

util.o: util.c util.h

gcc -o util.o -c util.c
. . . hello.c main.c util.c
main.o: main.c hello.h util.h
gcc -0 main.o -Cc main.c 4 build commands
executed!

W——



eah right, |
could do

that with
Bash as
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An incremental build after
changing hello.h

hello: hello.o util.o main.o
gcc -0 hello hello.o util.o main.o
hello.o: hello.c hello.h
gcc -0 hello.o -c hello.c
util.o: util.c util.h
gcc -o util.o -c util.c
main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c



An incremental build after
changing hello.h

helloghello.o util.o main.o
gcc -0 hello hello.o util.o main.o

hello.o: hello.c hello.h

gcc -0 hello.o -c hello.c
util.o: util.c util.h

gcc -o util.o -c util.c
main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c



An incremental build after
changing hello.h

heIIo: util.o main.o
gcc -0 hello hello.o util.o main.o

hello.o: hello.c hello.h

gcc -0 hello.o -c hello.c
util.o: util.c util.h

gcc -o util.o -c util.c
main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c



An incremental build after
changing hello.h

- ‘ 1 . ool s - e _
does hello.o exist? YES
is hello.o newer than all jts o

dependencies?

Io.c helloh

gcc -0 hello.o -c hello.c

util.o: util.c util.h
gcc -o util.o -c util.c
main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c



An incremental build after
changing hello.h

does hello.o exist? YES @
is hello.o newer than all its

dependencies?

hello. o.o'iheuo.c]he||<5.h"‘""""""'

does hello.c exist? YES hello.o
eRem——— - ——————

util.o: util.c util.h

gcc -o util.o -c util.c

hello.c

main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c



An incremental build after
changing hello.h

does hello.o exist? YES
is hello.o newer than all its

dependencies?

he”o o: hello.c 'hello h | -

does hello.h exist? YES e

*—'.-—-——-.-- . | ————
util.o: util.c util.h

gcc -o util.o -c util.c
. . . hello.c
main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c




An incremental build after
changing hello.h

does hello.o exist? YES @
is hello.o newer than all its

ependencies? NO

| d
he”o.o: hello.c 'hello.h | )

gcc -0 hello.o -c hello.c hello.o

util.o: util.c util.h

gcc -o util.o -c util.c
. . . hello.c
main.o: main.c hello.h util.h @

gCc -0 Main.o -Cc main.c



% An incremental build after
N changing hello.h

hello: hello.o util.o main.o
gcc -0 hello hello.o util.o main.o

hello.o: hello.c hello.h

hello.o

util.o: util.c util.h

gcc -o util.o -c util.c

. . . hello.c
main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c



An incremental build after
changing hello.h

hello: hello.olutil.ojmain.o
gcc -0 hello hello.o util.o main.o

hello.o: hello.c hello.h

gcc -0 hello.o -c hello.c hello.o
util.o: util.c util.h

gcc -o util.o -c util.c

hello.c

main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c



\@ An incremental build after
N changing hello.h
hello: hello.o main.o
gcc -0 hello hello.o util.o main.o

U e i balla - halla b
does util.o exist? YES

Is util.o newer than all its hello.o

| dependencies!?
| utl .cutil.lh —— T——
gcc -o util.o -c util.c
. . . hello.c
main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c




@ An incremental build after
changing hello.h

hello: hello.o util.o main.o
gcc -0 hello hello.o util.o main.o
't e aiballa - halla
does util.o exist? YES

Is util.o newer than all its hello.o

| ~dependencies?
ut|I h T ——
does util.c exist? YES
W ——- ¥ hello.c
main.o: main.c heIIo h util.h

gCc -0 Main.o -Cc main.c




% Anincremental build after
N changing hello.h

hello: hello.o util.o main.o
gcc -0 hello hello.o util.o main.o
' e niballa - halla b
does util.o exist? YES

Is util.o newer than all its hello.o

| de
TS Ut

R c—— -
main.o: main.c heIIo h util.h

gCc -0 Main.o -Cc main.c



\@ An incremental build after
N changing hello.h
hello: hello.o util.o main.o
gcc -0 hello hello.o util.o main.o

U e i balla - halla b
does util.o exist? YES

Is util.o newer than all its hello.o

~— de ISR CI
qu I||.o: util.c N

gcc -o util.o -c util.c
. . . hello.c
main.o: main.c hello.h util.h

gCc -0 Main.o -Cc main.c




An incremental build after
changing hello.h

hello: hello.o util.o main.o
gcc -0 hello hello.o util.o main.o

hello.o: hello.c hello.h

hello.o

——

util.o: util.c util.h
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hello: hello.o util.o main.o
gcc -0 hello hello.o util.o main.o
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hello: hello.o util.o main.o
gcc -0 hello hello.o util.o main.o
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An incremental build after
changing hello.h

hello: hello.o util.o main.o @

hello.o: hello.c hello.h

gcc -0 hello.o -c hello.c hello.o

hello.c main.c util.c

util.o: util.c util.h
gcc -o util.o -c util.c
main.o: main.c hello.h util.h
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% An incremental build after
N changing hello.h

hello: hello.o util.o main.o @
gcc -0 hello hello.o util.o main.o

hello.o: hello.c hello.h

gcc -0 hello.o -c hello.c hello.o

util.o: util.c util.h

gcc -o util.o -c util.c

. . . hello.c main.c util.c
main.o: main.c hello.h util.h @

gcc -0 Main.o -¢ main.c only 3 build commands executed,

So_we won (build) time!
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There is VWay More than Just
GNU Make!

List of build automation software

From Wikipedia, the free encyclopedia

Build automation involves scripting or automating the process of compiling computer source code into binary code. Below is a list of notable tools associated with
automating build processes

Contents [hide)
1 Make-based tools
2 Non-Make-based tools
3 Build script generation tools
4 Continuous integration tools
5 Configuration management tools
6 Meta-build tools
7 Other tools
8 Comparison of build automation software
9 References
10 External links

Make-based tools [edit)

« GNU make, a widely used make implementation with a large set of extensions
make, a classic Unix build tool

mk, developed originally for Version 10 Unix and Plan 9, and ported to Unix as part of plan9port

MPW Make, developed for the classic Mac OS and similar to but not compatible with Unix make; the modern macOS (OS X) comes with both GNU make and BSD
make; available as part of Macintosh Programmer's Workshop as a free, unsupported download from Apple

nmake

PVCS-make, basically follows the concept of make but with a noticeable set of unique syntax features!")
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List of build automation software

From Wikipedia, the free encyclopedia

Build automation involves scripting or automating the process of compiling computer source code into binary code. Below is a list of notable tools associated with
automating build processes
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make, a classic Unix build tool

mk, developed originally for Version 10 Unix and Plan 9, and ported to Unix as part of planSport

MPW Make, developed for the classic Mac OS and similar to but not compatible with Unix make; the modern macOS (OS X) comes with both GNU make and BSD
make; available as part of Macintosh Programmer’'s Workshop as a free, unsupported download from Apple

nmake
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Why do (Cl) Builds Take so Long?

incremental compilation _
P local developer build

(selection of) unit tests

full compilation

all unit tests Cl build of merged change
Integration tests

performance t 23

closer to release

user acceptance/system tests

—t>
t|me to run (hours)
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https://archive.fosdem.org/2014/schedule/event/openstack_testing_automation/

How to Schedule Cl Builds? e

serial execution is slow,
but easy to blame build

©0006 -«

https://archive.fosdem.org/20|4/schedule/event/openstack_testing _automation/


https://archive.fosdem.org/2014/schedule/event/openstack_testing_automation/
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How to Schedule Cl Builds? o

parallel execution Is fast, but
awkward to blame build

serial execution is slow,
but easy to blame build

©0006 -«

https://archive.fosdem.org/20|4/schedule/event/openstack_testing _automation/
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https://github.com/elm-city-craftworks/practicing-ruby-cookbook
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https://github.com/elm-city-craftworks/practicing-ruby-cookbook

# Install PostgreSQL server and client
include recipe "postgresqgl::server”
include recipe "postgresqgl::client”

# Make postgresqgl database resource available

include recipe "database::postgresql”

# Create database for Rails app
db = node["practicingruby"]["database"]
postgresql database db["name"] do

connection(
:host => db["host"],
:port => node["postgresqgl”]["config"]["port"],

:username => db["username"],

:password => db["password"],

end 55

Mooqp|003-AgnJa-3uididedd/sdaomiyedd-A-wp/wodgnyus//:sdiy


https://github.com/elm-city-craftworks/practicing-ruby-cookbook

Infrastructure code smells?

# Install PostgreSQL server and client
include recipe "postgresqgl::server”
include recipe "postgresqgl::client”

# Make postgresqgl database resource available

include recipe "database::postgresql”

# Create database for Rails app
db = node["practicingruby"]["database"]
postgresql database db["name"] do

connection(
:host => db["host"],
:port => node["postgresqgl”]["config"]["port"],

:username => db["username"],

:password => db["password"],

| V.
end Appet Chef ‘*

55 VAGRANT
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https://github.com/elm-city-craftworks/practicing-ruby-cookbook
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Does Your Configuration Code Smell?
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Is the
release in good
shape?

The release Is
botched, how can we,
roll back? -

Was the release a
success”?

How will a
faster cycle impact ¥
our software
quality?

What's the optimal cycle
time for us?

What best practices
should we adopt?
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jobs

& mozilla-central ©

Repos ~ Filters ~ Help

6 unclassified 2

Oct 17, 2014 10:38:02 PM -kwierso@gmail.com 92c87e95915e

92c87e95915e
c8a9%a49c5c10
043792c7257a
3b8d0c8b28a5
e8a01f5feb55
baObb4f26680
c44f001eabce1
ca0dfff936c2
47264e561dce
ae71da76¢c733
9eb089d7c2b9
8882bf98a437
75c3e79b9c7c
80897146719f
410e7c3cbale
7be62fal1c20
67b723fc33f1
bb58a5fc381b
f0e0f05aa2d3
16627f2d7729

(wk | Backed out changeset baObb4f26680 (1080055) foi
E] Backed out 3 changesets (1075644) for Android bu
[rv | 1084158 - Update pdf.js to version 1.0.907. r=bdat
‘mB | 1084384: support alternate phone number values fi
'mB | 107994 1: implement LoopContacts.search to allow
DT | 1080055: When recreating a browser restore the is
£| 1075644 - Wait for page to fully load in context mei
Jc | 1075644 - Move more things to after Gecko start; r
E 1075644 - Reduce Gecko thread priority at very sta
‘mc| 1075531 - Part 3: Match page titles by regex in test
‘mc | 1075531 - Part 2: Check for url in place of page titl
‘mc| 1075531 - Part 1: Return String from ToolbarComp
‘mB | 1013989: update the localization note to match the
'RG | 1079811 - A new call won't start if the outgoing cal
'cB | Merge m-c to fx-team

1063586 - Audit tab related XML files to use new te
1080701 - TabMirror needs to be updated to work !
1024807 - Add "Report Site Issue” menu item (for |
1082970 - Sync no longer shows login failed notific
1081203 - Remove dead #social-toolbar-item CSS

[MH
=3
M7
Ak
s

=[O
|

...and 2 more

Monitoring
the Release
Progress

A~ O

Linux opt

Linux pgo

Linux debug

Linux x64 opt

Linux x64 pgo

Linux x64 asan

Linux x64 debug

0OS X 10.6 opt

0OS X 10.6 debug

0OS X 10.8 opt

0OS X 10.8 debug

Windows XP opt

i=1002 976 11 1 0 14 0

B Cpp Jit1 Jit2 Mn N Wr X M(1 2 3 4 5 bc1 be2 be3 dt oth)
M-e10s(12 3 4 5 be1 bc2 be3) R(C Cipc J R Ripc Ru) T(c
dgistp) W(1234)

B Cpp Cpp Jit1 Jit1 Jit2 JL2Mn Mn WrWr X X M(112233
4 4 55 bc1 be1 be2 be2 be3 be3 dt dt oth oth) M-e10s(1 1
22334455bct bc1 be2 be2 be3 be3) R(C C Cipe Cipe J
JRRRipcRipcRuRu) T(ccddgigisstptp) W(1122
3344)

B Cpp Jit1 Jit2 Mn X M(1 2 3 4 5[5} bc2 be3 dt1 dt2 dt3
oth) M-e10s(12345) R(C JR)

B Bn Cpp H Jit1 Jit2 Mn N VWr X M(1 234 5 bc1 be2 be3
dt oth) M-e10s(123 4 5 bc1 bc2bc3) R(CJR) T(cd gl
oostp) W(1234)

B Cpp Cpp Jit1 Jit1 Jit2 JL2Mn Mn WrWr X X M(112233
4 4 5 5 be1 S be2 be2 be3 be3 dt dt oth oth) M-e10s(1 1
22334455bct bcibc2bc2be3be3) RICCJJRR) T
ccddgigioooosstptp) W(11223344)

Bd Bo Cpp Cpp Jit1 Jit1 Jit2 Jit2 Nd No XD M(1122334
4 5 5 bc1 be1 be2 be2 be3 be3 dt dt oth oth) M-e10s(1 1 2
2334455 bcl g4 be2 be2 bed bed) R(C CJJRR)

B Bn Cpp Jit1 Jit2 Mn S X M(1 23 4 5 bc1 be2 be3 dti dt2
dt3 oth) M-e10s(12345) R(C JR)

Cpp Cpp JitJit XX M(1122334455bci becl be2 be2
bc3 be3 dt dt oth oth) M-e10s(bc1 be1 be2 be2 be3 be3)
R(CCJJRR) T(ccddgigioosstptp)

Cpp Jit Mn X M(1 2 3 4 5 bc1 be2 be3 dt1 dt2 dt3 oth) R(C
JR)

BBANXXM(1122334455 bci bec1 bc2 be2 be3 be3 dt
dt oth oth) M-e10s(bc1 bc1 bc2 bc2 bec3 be3) R(CCJJR
R) T(ccddgigioosstptp)

B Bn Mn X M(1 234 5 bc1 bc2 be3 dt1 dt2 dt3 oth) R(C J
R)

BBnCppJit Mn N X M(12345bct bc2 be3 dt oth) R(C J



What to Monitor?

Job Stats
Test Nodes Zuul Jobs Launched (per Hour) Gerrit Events (per Hour)
250.0 250.0 105.0
90,0
200.0 200.0 750
60.0
150.0 150.0 450
100.0 100.0 30.0
15.0
50.0 50.0 0
0 0 10/19 12PM 10/20 12AM
[ Building B Available [ InUse 7 Deleting B Alljobs M Change merged
Zuul Job Queue Logstash Job Queue
500.0 100.0
400.0 i 80.0
300.0 \ 0.0
200.0 \ 40.0
e 20'0!5{% AAW/M«MWWYM\
0 0
10/19 12PM 10/20 12AM 10/19 12PM 10/20 12AM
B Running B watting M Totaljobs M Workers B Running B watting M Totaljobs M Workers
Zuulinfo

Zuul version: 2.0.0.284

Last reconfigured: Sat Oct 18 2014 18:55:58 GMT-0400 (EDT)

openstack’



Metrics are important,
but people optimize for what you
measure or show them, so choose
your KPI carefully!

[John O'Duinn]







#Hchanged code i

2

codin



#changed code | open bugs

e,

coding ti ases

%passing tests time from commit to release
time to interaction
#changes/release
bug rates

#cherry-picks/release

time between release crash rates app size



What can you
do for release
engineering?
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What can
release

engineering
do for you?




What do you mean, Dr. Adams”!
These poor students’ research
Is Impacted by the release
engineering process? They are
just doing empirical research on

large software data!

\L
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Look at Project X!
It had a crazy number of
post-release bugs in this six-
month time window!
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Look at Project X!
It had a crazy number of
post-release bugs in this six-
month time window!

Well, Project X releases
every 6 weeks, so
you're counting several
releases...
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Release Cycles Vary among
Popular Studied Systems

400-

days between releases
N
-
-

An Empirical Study of Delays in the
Integration of Addressed Issues
D. A. da Costa et al.

[ICSME 2014]

180

112

ArgoUML

\ 42

Eclipse Firefox



..., EVven Within Systems!

0 200 400 600
#days since prior release

800
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Features can be Older than
the Cycle Time
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the Cycle Time
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the Cycle Time
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Features can be Older than
the Cycle Time

feature 1
_ -lrefox
feature 2 : Alpha v49
feature ) |
3 | o time
feature 4 ° i Nightly Beta

feature 5

/0



| Frefax 15 | Firefax 2.0 | Firefax 3.0 | Firefax 35 |Firefox 36
11.5.0.1 |2.0.0.1 |3.0.1 |3.5.1 |36.2
|1.5.02 |20.02 |3.0.2 |35.2 |36.3
11.5.03 |20.03 |3.0.3 |35.3 |3.6.4
11.5.04 |2.0.04 |3.0.4 |3.5.4 |36.6
|1.5.05 |20.05 |3.0.5 |35.5 |36.7
|1.5.06 |20.06 |3.06 |35.6 |3.6.8
).7 11.5.07 |20.07 |3.0.7 |35.7 |3.
|1.0.8 11.5.08 |20.08 |3.0.8 |35.8 |3
|1.5.09 |20.09 |3.0.9 |35.9 |
11.5.0.10 |20.0.10 |3.0.10 135.10
11.5.0.11 |2.0.0.11 13.0.11 |3.5.1
|15.0.12 |20.0.12 |3.0.12 3.
|20.0.13 |3.0.13 |3
|20.0.14 |3.0.14 |
|20.0.15 |3.0.15
|20.0.16 13.0.16
|20.0.17 |3.0.17
|20.0.18 |3.0.18
|20.0.19 |3.0.19
|2.0.020
2006 2007 2008 2009 2010



| Frefax 1.5 | Firefax 2.0 | Firefax 3.0 | Firefax 35 |Firefox 36
11.5.0.1 |2.0.0.1 |3.0.1 |3.5.1 |36.2
|1.5.02 |20.02 |3.0.2 |35.2 |36.3
11.5.03 |20.03 |3.0.3 |35.3 |3.6.4
11.5.04 |20.04 |3.0.4 |35.4 |36.6
|1.5.05 |20.05 |3.0.5 |35.5 |36.7
|1.5.06 |20.06 |3.06 |35.6 |36.8
)7 11.5.07 |20.07 |30.7 |35.7 |3,
|1.5.08 |20.08 |3.0.8 |35.8 |3
|1.5.09 |20.09 |3.0.9 |35.9 |
|1.5.0.10 |20.0.10 |3.0.10 135.10
11.5.0.11 |2.0.0.11 13.0.11 |3.5.1
|15.0.12 |20.0.12 |3.0.12 3.
|20.0.13 |3.0.13 |3
|20.0.14 |3.0.14 |
_ |20.0.15 13.0.15
overlapping of Iao.lo.ﬂs I?.o.16
: 20.017 30.17
release series AT b.ia
|20.0.19 |3.0.19
|2.0.020
2006 2007 2008 2009 2010



| Firefax 1.5 | Firefax 2.0 | Firefax 3.0 | Firefax 35 |Firefox 36

11.5.0.1 |2.0.0.1 |3.0.1 |35.1 |3.6.2
|1.5.02 |20.02 |30.2 |35.2 |36.3
11.5.03 |20.03 |3.0.3 |35.3 |3.6.4
11.5.04 |20.04 l |3.0.4 |35.4 |36.6
|1.5.05 |20.05 13.0.5 |35.5 |36.7
|1.5.06 |20.06 |3.06 |35.6 |36.8
)7 11.5.07 ‘ |30.7 |35.7 |3,
|3.0.8 |35.8 |3
|3.0.9 |35.9 |

|35.10

overlapping of
release series




| Firefax 36 | Firefax 4.0 | Firefax 11.0 | Firefax 18.0 | Firefax 25.0 | Firefax

|36.2 |4.0.1 |12.0 118.0.1 |25.0.1 |32.0.1
|36.3 |5.0 |13.0 |18.0.2 |26.0 |32.0.
|36.4 15.0.1 113.0.1 |19.0 |26.0.1 |32.0.
4 |36.6 |6.0 |14.0 119.0.1 |27.0 |33.0
5 |36.7 |60 | 1401 'y |19.02 |27.0.1 |33.
5.6 |36.8 |60.2 150 | |00 |28.0 |33.
35.7 |36.9 |7.0 |15.0.1 |20.0.1 |28.0.1 33
|35.8 13.6.10 |7.0.1 |16.0 |21.0 |29.0 33
|35.9 |3.6.11 |8.0 116.0.1 |22.0 |20.0.1 |32
|35.10 |36.12 |8.0.1 |16.0.2 |23.0 |30.0 |3
|35.11 [36.13 |9.0 |17.0 |23.0.1 310 |
|35.12 |36.14 |9.0.1 117.0.1 |24.0
|35.13 |36.15 |10.0 |17.0.2esr |24.1.0esr

|35.14 |36.16 110.0.1 " |17.0.3esr |24.1.1esr |31.1.0

15 |35.15 |36.17 110.0.2 |17.0.4esr |24.2.0esr |
.0.16 |35.16  |36.18 110.0.3esr |17.0.5esr |24.3.0esr  |31.1.

30.17 |35.17 |3.6.19 |10.0.4esr |17.0.6esr |24.4.0esr

|3.0.18 |35.18 |36.20 110.0.5esr 117.0.7esr |
|3.0.19 |35.19|3.6.21 110.0.6esr |17.0.8esr |24.5.0esr| 31.2
|36.22 110.0.7asr |17.0.9esr | |

‘llllll'll' ‘UUIIIIIIII ‘lllltlltvlv'

T L) L LA L) LA L] ' LA L] LA LA L) LA L) L] L)
0 2011 2012 2013 2014 20



| Firefox 3.6 |

(Firefox

|36.2 4.0.1 118.0.1
136.3
|36.4 5.0.1
t  laes  major ’
3 367 ologse 1604 l
5.6 |36.8
35.7 |36.9
|35.8 |36.10 7.0.1
|35.9 13.6.11 8.0
|35.10 |36.12 8.0.1
|35.11 |36.13 8.0
|35.12 |36.14 3.0.1
|35.13  |386.15 110.0] 117.0.2esr 24.1.Oesr
|35.14 |36.16 0.0.1 - [17.03esr  [24.1.1esr |31.1.0
15 |35.15 |386.17 |10.0.2  |17.0.4esr |24.2.0esr |
.0.16 |35.16  |36.18 110.0.3esr |17.0.5esr |24.3.0esr  |31.1.
30.17 |35.17 |36.19 |10.0.4esr |17.0.6esr |24.4.0esr
|3.0.18 |35.18 |36.20 110.0.5esr |17.0.7esr |
|3.0.19 |35.19|36.21 |10.0.6esr |17.0.8esr |24.5.0esr|31.2
|3.6.22 110.0.7asr |17.0.9esr | |

0 2011 2012 2013 2014 20



minor

36.2
263 r€lease ‘
|36.4 50.1

4 366  major ,
y 367 | rolease | 60 l

5.6 |36.8

35.7 |36.9
|35.8 |36.10 ZOJ
|35.9 |3.6.11 8.0
|35.10 |36.12 8.0.1
|35.11 [36.13 8.0 |
|35.12 |36.14 3.0.1
|35.13  |386.15 110.0] :
|35.14 |36.16 0.0.1 - [17.03esr  |24.1.1esr |31.1.0
15 |35.15 |36.17 |10.0.2 1 |17.0.4esr |24.2.0esr |
.0.16 |35.16  |36.18 110.0.3esr |17.0.5esr |24.3.0esr  |31.1.
3.0.17 |35.17 |36.19 110.0.4esr |17.0.6esr |24.4.0esr
|3.0.18 |35.18 [36.20 |10.0.5esr |17.0.7esr |
|3.0.19 |35.19|36.21 |10.0.6esr |17.0.8esr |24.5.0esr|31.2
|3.6.22 110.0.7asr |17.0.9esr | |

0 2011 2012 2013 2014 20



110.0.7asr
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S0, these students should
always check the cycle
time, type of release and

release overlap?
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Weird... The size of this

project fluctuates between
50k and 45k lines!
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Weird... The size of this

project fluctuates between
50k and 45k lines!

Hmm, did you select the
relevant branch”? Several
are developed in parallel!

75
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Example: Analyzing Defects
(1 Branch)

master
branch

Commit types:
Y Feature ¥ Fix Y& Merge
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Example: Analyzing Defects
(>1 Branch)

release
branch

master
branch

Commit types:
Y Feature ¥ Fix Y Merge
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release
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Example: Analyzing Defects
(>1 Branch)

§<v1.0|

release
branch
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master
branch

* k% Kk %k

Commit types:
N Y Feature ¥ Fix ¥ Merge
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Example: Analyzing Defects
(>1 Branch)

§<v1.0|

release
branch

master
branch

Commit types:
N Y Feature ¥ Fix ¥ Merge




Solution: Select 1 Branch for
Analysis and Expand Merge Commits

release
branch

§<v1.0|

master
branch

Kk K ok k ok hkk ok %k

Commit types:
Y Feature Y Fix ¢ Merge
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Solution: Select 1 Branch for
Analysis and Expand Merge Commits

release
branch
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Commit types:
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Solution: Select 1 Branch for
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release
branch

master
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Solution: Select 1 Branch for
Analysis and Expand Merge Commits

*
*

§<v1.0|

release
branch

master
branch

*ok @D & Kk okok ok ok

Commit types:
Y Feature Y Fix ¢ Merge
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Solution: Select 1 Branch for
Analysis and Expand Merge Commits

§<v1.0|

release
branch

* %

Commit types:
Y Feature Y Fix ¢ Merge

git IOg -m
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Solution: Select 1 Branch for
Analysis and Expand Merge Commits

v1.0 I

release
branch

: Commit types:
6 it log -rm l* Feature Yk Fix Y Merge I




Solution: Select 1 Branch for
Analysis and Expand Merge Commits

v1.0 l

release
branch

: Commit types:
6 it log -rm l* Feature Yk Fix Y Merge l
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Evolution of #Files over Time
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Evolution of #Files over Time
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100
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6 560 1600 1500 ZObO
all commits, ordered
by author time (git log)
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Evolution of #Files over Time

150 fﬁﬂpij
100 ,
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6 560 1600 1500 ZObO
all commits, ordered
by author time (git log)
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Evolution of #Files over Time

150 / 150"
1001 ﬁJJMMWJ 100 -
50_ f\/\fﬂ 50_

o .

0 500 1000 1500 2000 0 100 200 300
all commits, ordered master branch, merge
by author time (git log) commits expanded
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Evolution of #Files over Time

150- / 1507
100 ‘Jjj# 100 -
50_ fﬁf—ﬁ 50_ ’_\r\—lﬂ

ol N -

0 500 1000 1500 2000 0 100 200 300
all commits, ordered master branch, merge
by author time (git log) commits expanded
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Evolution of #Files over Time

150 / 150"
100 fﬁﬂpjﬁJ 100 -
50.- WH[JMFAJMJIfﬁfﬁﬂ; N ﬂmﬁthJr———_h_ﬂj

ol N -

0 500 1000 1500 2000 0 100 200 300
all commits, ordered master branch, merge
by author time (git log) commits expanded
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LOGYJ @

Evolution of #Files over Time

large
merges

150- inear 1507

growth

100{ 100-

stable

50 - 50 -

O,x?iJSOO 1000 1500 0 100 200 300
“all commits, ordered master branch, merge
by author time (Qit Iog) commits expanded

ZOOO
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3. All Files are £qual
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This popular web browser
has an enormous codebase!
>30M lines!

31



This popular web browser
has an enormous codebase!
>30M lines!

Yes, but the codebase
contains several projects!
The build configuration
decides which one Is
produced!

81



Many files are conditionally
Included In deliverables

Aterm
Opkg
Bash Tracing Software Build
Processes to Uncover
CUPS License Compliance
salan Inconsistencies
S. van der Berg et al.
OpenSSL [ASE 2014] L
T e
FFmpeg
0% 20% 40% 60% 80%

% Excluded Files



Many files are conditionally
Included In deliverables

Aterm

Opkg

Tracing Software Build
Processes to Uncover
License Compliance
Inconsistencies
S. van der Berg et al.

[ASE 2014] L

T ———

Bash

CUPS

Xalan

OpenSSL

FFmpeg

0% 20% 40% 60% 80%
% Excluded Files

... because of feature selection, operating
system/hardware configuration, dead code, ...



Solution: Pick Configuration, Run
the Build and Check Built Files



Solution: Pick Configuration, Run
the Build and Check Built Files

code files
mentioned in
build script (if
not forgotten)

http://mcis.polymtl.ca/makao.html|

Design recovery and
maintenance of build systems
B. Adams et al.

[ICSM 2007] l
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Solution: Pick Configuration, Run
the Build and Check Built Files

code files

mentionfad ir? and/or
build script (if
not forgotten)

http://mcis.polymtl.ca/makao.html|

Design recovery and
maintenance of build systems
B. Adams et al.

[ICSM 2007] l

T ——
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Solution: Pick Configuration, Run
the Build and Check Built Files

code files
mentionf:d if? and/or
build script (if
not forgotten)

files accessed by
>yStems calls (strace:
can be noisy!)

http://mcis.polymtl.ca/makao.html https://github.com/smcintosh/bee

Tracing Software Build Processes
to Uncover License Compliance
Inconsistencies
S. van der Berg et al.

[ASE 2014] 1.

B

Design recovery and
maintenance of build systems
B. Adams et al.

[ICSM 2007] l
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uess Visualization

le Edit Display Layout Help

Mo Ma Mh Mc Mal s

Interpreter - Concern Sieve |

Select a state | %
9 mm

File Edit Display Layout Help

Ma Mh Mc Mal Ms #s

Interpreter -~ Concern Sieve |

Select a state | %
= Yale) Guess Visualization

File Edit Display Layout Help

Mo Ma Mh Mc Mal s

Interpreter Concern Sieve |

Select a state |& ) (YN[ v |executed: [Users/bram/workspace/sail/personal /tools/ma..

Q £f S ¢v|executed: /Users/bram/workspace/sail/personal/tools/ma...

SNO ess Visualization

File Edit Display Layout Help

Mo Ma Mh Mc Man Ms #s

Interpreter - Concern Sieve |

_Selectastate 18] [RJRJaR &

eNno Guess Visualization

File Edit Display Layout Help

Mo Ma Mh Mc Man Ms

Interpreter - Concern Sieve |

Select a state | %]

Yala) Guess Visualization

File Edit Display Layout Help

Mo Ma Mh Mc Mal MFORCE Mso Ms s
Interpreter - Concern Sieve ]

Select a state | %

Q gi’ h ¢V executed: /Users/bram/workspace/sail/personal /tools/ma..

R |5 év|executed: /Users/bram/workspace/sail/personal/tools/ma...

L Yale)

File

Edit

- Yale)

File

Edit

- Yala)

Edit

Display Layout Help

Select a state |

Display Layout

Select a state | %

Display Layout Help

Select a state |

Guess Visualization

Mh Mc Mal Msh Ms s
Int Concern Sieve |

R || 68|k |63/ executed: /Users/bram/workspace/sail /personal/tools/ma...

Guess Visualization

Mo Ma Mh Mc Mal Ms

Interpreter -~ Concern Sieve |
Q 3‘ S év|executed: /Users/bram/workspace/sail/personal/tools/ma...

Guess Visualization

T

Mh Mc MFORCE Mso Ms ™s

Interpreter Concern Sieve |

YIS v executed: [Users/bram/workspace/sail/personal /tools/ma...



e - Luess Visualization " Yala)
le Edit Display Layout Help

Guess Visualization (s NoNé) Guess Visualization
Help File Edit Display Layout Help

File Edit Display Layout
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—
® o
a
: &
) ¢ o
@ al
S
Mo Ma Mh Mc Mall Ms Mo Ma Mh FMc Mal Fs &s Mo Ma Mh Mc Mal Msh Ms #s
Interpreter - Concern Sieve ] Interpreter - Concern Sieve | Interpreter -~ Concern Sieve |
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)
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a
h
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S
S
@o @a ’z[h @c @a[[ @S [zls @0 @a @h @c @all @S @o lea @h @c @all @S
Interpreter m] Interpreter m] Interpreter m]
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To summarize, these students
should always manually
check the systems they are
studying, not just blindly run

their scripts?

~\
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To summarize, these students
should always manually
check the systems they are
studying, not just blindly run
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