The importance of
work avoidance

Etienne Studer Jim Hurne

SVP of Engineering, Lead Software Engineer,
Gradle Enterprise Gradle Enterprise



- RN e B e
ol B e B A T ATy T
,.-Oblli = R

2 et
T T R e e
i o

T g R Y
ok St Te el e




Important factors of DPE | |

e Capture actionable build metrics
e Understand and improve toolchain behavior
e Accelerate feedback cycles
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Accelerating feedback cycles

e Avoid work done before by reusing the results of previous work

e Avoid work for unrelated changes by skipping it

e Distribute the work for parallel execution

e Make the work perform faster
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Avoiding work done before

Typical unit of work is a task (Gradle), goal (Maven), or target (Bazel)
Another unit of work is the Gradle configuration phase

Output of unit of work is stored in local and/or remote cache

Does not depend on commit ids or branch names
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Optimizing for work avoidance

e Typically only some of the work
avoidance potential is realized
out-of-the-box

e Attaining a fully cacheable build
requires investment

e Keeping a build fully cacheable
requires investment

e The investment will pay back every
time the build is run




Optimizing for work avoidance

e Spring Boot OSS project builds a modest ~100 times per day
e Forevery 24 hours passed, Spring Boot saves 53 hours or 6.5 FTE of build work

CS?Gradle Enterprise

User @ ® Project @

spring-boot-build %

Start time (@ Custom values (®

[ Last 28 days Relative Fixed

5th %ile 1m 14s
25th %ile 2m9s
® Build time O I™ Serial execution ¢ Avoidance savings @ 50th %ile 5m27s

- . . 75th %ile 47m 18s
12 min 28 sec 34 min 50 sec @sx 35 min (58.77%) osthoile  ohadm

Mean 35m
Total 62d 2h



https://ge.spring.io/scans/performance?search.relativeStartTime=P28D&search.rootProjectNames=spring-boot-build&search.timeZoneId=America/Los_Angeles

Categorizing build cache misses
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Categorizing build cache misses

e \olatile inputs often caused by upstream work units creating volatile outputs
e \olatility may be masked by a sequence of cacheable producers and consumers
e Task output tracking is on the Gradle Enterprise roadmap
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Taming build cache misses

e Removing volatile inputs
e Changing volatile inputs to stable inputs
e Normalizing volatile inputs

Get hands-on training on how to tackle build performance issues with the Maven build
cache. Topics include build cache basics, task requirements, best practices,
troubleshooting and more.

November 21 JOnline  ¢3 FREE

® 08:00 AM - 11:00 AM PST E

Get hands-on training on how to tackle build performance issues with the Gradle build
cache. Topics include build cache basics, task requirements, best practices,
troubleshooting and more.

November 29  FJOnline {3 FREE

© 08:00 AM - 11:00 AM PST



https://gradle.com/training/
https://gradle.com/training/

I. the process of optimizing
developer productivity
should itself be productive



Ii. there is always more that
we could optimize than we
have time and resources
available



Attaining a fully cacheable build

e Run experiments
o Measurable
Controlled
Reproducible
Automated

o O O




Attaining a fully cacheable build

e |everage , build scans, and build comparison
o Local - Local experiment
o Cl-Clexperiment
o Cl-Local experiment


https://github.com/gradle/gradle-enterprise-build-validation-scripts

Attaining a fully cacheable build

AOOO Clear the
Cache cache



Attaining a fully cacheable build

Add to cache

Run the build,
fill the cache

OUOD



Attaining a fully cacheable build

Cache hitss!

Run the build,
use the cache

OO



Attaining a fully cacheable build

A O O O Investigate
Cache cache misses



Attaining a fully cacheable build

e Demo
o Run automated experiment
o |dentify and investigate build cache misses
o Fix root causes
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Experisent run id: 63550824

Experisent artifact dir: .datas/83-validate~-local-build-caching-different-locations/20221163T111916 63648624
Build scan first budld: https: //etisonestuder.gradle-ontorprise. clovd/s/daingzzhinsse

Build scan second build: httgs: //etisnnestoder, gradlo-onterprise. clovd/s/bovSqlavisTve

BULld Caching Laverage

D T

Avoidod cochenbile taske: 3 tedhn, 2.709s total waved wxecution tise
Executed cacheabls tasks: Eotaeka, D.9AAA 20tal nxecition time
Exocuted non-cocheabln tasis: 2 tasis, 0.011s total execution time

AMINIKG: Wot all cocheable tachs' eutpots wers thkmm fron the DUIlY cache 'in the secont Beild. Thiz setiooeu the saviny
8 AN toal. execyting tiee

Investigation Quick Links
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Task execution overvigw: https: //etisanestuder. gradle-onterprise . cloud/s/bnvSqaniiTvw/ performance/execution
‘Executed tasks tieeline: https: //etiennestoder. gradla-onterprise . clovd/s/DovSe2auiiTvn/ CineTine? oot conasSUCCESS, F
AILEDEsortelongest

Avolded cacheable tasks: Metps: //etisnnestuden. gradln-ontarprisg, cloud/ s/ havSeacidTvu/ tine Linn dout cone «FRON-CACH
Ehsortelongent

fxecuted cacheable tusks: Bttps: //etisnneatuder. gradle-onterprise, clovd/s/bovIadauiéTve/ timeLine P cachenbitlity=cach
eabile, overlopping outputs, validation failerskoutoome=SUCCESS, PATLEDEsort=1ongest
Exeoutod non-cacheable tasks: https://etiennestouder.gradio-enterprise,clovd/s/boviqZasid7vw/tineline?cocheability=any,

non-cacheoblefoutcose=SUCCESS, FATLERSsort=longest
Build osohing statistics: https://etionnestuder.gradie-enterprise. oloud/s/bnviqavis T/ perfornance/build-cachc

Task inputs cosporison: tagld '


http://www.youtube.com/watch?v=8e3SXyKq644

Attaining a fully cacheable build

e Demo
o Run automated experiment
o Connect build ad-hoc to Gradle Enterprise
o Understand realized and potential work avoidance savings
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Experdisent id: eXpZ- maven

Experisont run id: &£3427e7e

Experisont artifact dir: .data/82-validate-local-build-coching~differant-lacations 26221162T872814-63627 T
BuUild scan first bulld: httgs: //ge solutions-taas. gradle. oon/s/ytixscnipasSoc

Build acan second bofild: REtps: // oo solutions - tank. gradle. con/s/FIqemay Foulek

Build Caching Luverage

B L

Avoided cachaabla goals: 310 goals, 4L, M98 total ssved execution tise
Exocuted cocheoble gaals: L:gaa\n. 0,108 SotaYl mxpcution tise
Executed non-cochoable goals: 398 geals, 14.409s total oxocution tise

NARNIRG: Mut s11 cacheeble gaals” eutywts mete taken f0ox the DULLD pache i the seound Bolld. This ~efeoes the saviny
S 1in goa) mxedution tise

Investigation Quick Links
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Bonl execution overview: htps: // ge.solutiony - tenn. gradle . coe/s/Fiqreayfox2el/pecformnce (exscution

Exocuted goals tisoline: Drtps: // g6 . solutions - toan. gradle, cos/s/Flarsayfox2ek/ tise Line teutconmnssuccessful, Fallonok
sortalongost .

Avoided cachunble goals: Netpe: //on solutions-tuna. gradie. con/a/flarmyfoxack/tiseLine toutcompsfron_cachebaortolo
ngest

Executed cocheable gools: https: //ge, solutions-temn, grodie. con/n/fSareaytaxdch/ tineline 2cacheability=cochunbiobout
como=successtul, foiledésort=laongest ’ :

Exccuted non-cacheable geals: https://ge.zolvtions-toon.grodle.con/s/fSqreayfgx2ek/ tiseLine 2cacheability=any_non-oochn
ablesoutoome=successful, fodledésoct=onpest

Build coching statistics: htips: //ge.solutions-tens. gradie. 0os/s/f3qemay fgx2ek/perfornance /buiid-cachn
Boal inputs compordson: https: //ge.solutions-toan. gradie. con/c/ytixsonkpaSoc/figraayfarzok/goat-inputs7cacheabil
ityscocheable
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http://www.youtube.com/watch?v=DFjRsWsnuYY

Attaining a fully cacheable build

e Demo
o Run automated experiment
o Capture build data ad-hoc with Gradle Enterprise plugin/extension
o Understand realized and potential work avoidance savings



Attaining a fully cacheable build
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http://www.youtube.com/watch?v=jK4dqtr-VU8

Extrapolating experiment results

e Total work avoidance savings = Realized savings + potential savings
e Max. build time savings ~= (Total work avoidance savings) / Work unit parallelization
e Average build time savings ~= Max. build time savings * (.35 to .65)



Maintaining a fully cacheable build

1.  Use automation on Cl to catch cacheability regressions

2. Run automation on a regular basis, triggered by build changes or timer
3. Fail if build not fully cacheable

o Run experiments to catch regressions

o Compare historic builds to catch regressions

o Inspect builds for build cache failures to catch regressions
4. Repair regressions

o Fix violating work units, make cacheable or mark as hon-cacheable
o Fix build cache access and configuration



Maintaining a fully cacheable build

e Demo
o Run Local - Local experiments on Cl to catch regressions



Maintaining a fully cacheable build

Cranges Bulld Log
Celupse Al Al Mexsages
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http://www.youtube.com/watch?v=CkMlkj6urUg

Maintaining a fully cacheable build

e Compare historic builds to catch regressions
o Same project
o Samecommitid
o Non-dirty builds
o Compare cacheable tasks executed in both builds



Maintaining a fully cacheable build

spring-authorization-server

:spring-authorization-server-docs:ascii
doctor

https://ge.spring.io/c/kgzhygo
ftphtg/yf64zgfxtabxe

Volatile input

spring-boot-build

:spring-boot-project:spring-boot-actuat
or-autoconfigure:asciidoctor

https://ge.spring.io/c/6skin6af
tng2g/d6b2kc3yfqgird

Volatile input

spring-boot-build

:spring-boot-project:spring-boot-actuat
or-autoconfigure:asciidoctorPdf

https://ge.spring.io/c/6skin6af
tng2g/d6b2kc3yfgird

Volatile input

spring-boot-build

:spring-boot-project:spring-boot-docs:
asciidoctor

https://ge.spring.io/c/dbi36jrig
y7im/ha3s5a3rlitj2

Volatile input

spring-boot-build

:spring-boot-project:spring-boot-docs:
asciidoctorMultipage

https://ge.spring.io/c/dbi36jrig
y7im/ha3s5a3rlitj2

Volatile input

spring-boot-build

:spring-boot-project:spring-boot-docs:
asciidoctorPdf

https://ge.spring.io/c/dbi36jrig
y7im/ha3s5a3rlitj2

Volatile input

7ushw/plvsiuinoiekw

javadoc-plugin :validatePlugins https://ge.spring.io/c/vzkmbm |Eviction
e7boyuy/6d7mcunkposza
spring-authorization-server |:spring-authorization-server-docs:api |https://ge.spring.io/c/ejldvuvw |Eviction



https://ge.spring.io/c/kgzhygoftphtq/yf64zqfxta5xe
https://ge.spring.io/c/kgzhygoftphtq/yf64zqfxta5xe
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https://ge.spring.io/c/ejldvuvw7ushw/plvsiuinoiekw

Maintaining a fully cacheable build

e Inspect builds for build cache failures to catch regressions
o Build cache access and configuration issues often go unnoticed
o Example: entity-too-large rejection by build cache disables build caching

Project # local cache errors # remote cache errors

spring-boot-build 1 4
spring-security 0 1
Selgigle] 0 A




Maintaining a fully cacheable build

e Observations
o Negative avoidance savings
o Cache entries that live longer in local cache on Cl than in remote cache
o Cl pipelines not optimized to leverage build caching within same run

— Job1‘.o —_— Job1O

. Pipeline
Pipeline . D Job OA . » Job 2 D
| start I > Job 2‘ start

—_— JobzA . ﬁ? — Job3ﬁ




Dealing with many projects

1. Capture build data to make informed decision what projects to optimize
2. Measure potential impact of improving the work units’ cacheability
3. Prioritize build improvements by their potential impact



Dealing with many projects

e Demo
o Instrument all Cl builds with build data capturing and remote build caching
o Available for Jenkins, TeamCity, and soon Bamboo



Dealing with many projects
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http://www.youtube.com/watch?v=8FcjAL7xtlI

Dealing with many projects

e Prioritize build improvements by their potential impact



Dealing with many projects

Project = #builds = build time = t(serial) = t(avoided) = t(avoidable)= t(nonav) = % t(avoided)= %t (avoidab= %t (nonav) =
spring-boot-build 5568 1196:06:58 3290:30:30 3486:42:49 2786:43:26 345:28:58 51% 41% 5%
spring 2296 122:17:24 398:23:40 455:29:21 340:08:10 16:28:53 53% 40% 2%
spring-security 3198 231:57:56 294:35:52 422:14:39 187:36:35 75:13:32 59% 26% 10%
spring-security-samples 341 41:52:52 78:09:18 3:57:32 59:54:18 15:27:03 5% 73% 19%
spring-session-build 184 23:44:51 35:08:27 0:00:00 0:00:00 35:08:01 0% 0% 100%
spring-kafka-dist 289 18:04:48 24:43:11 3:04:50 23:10:51 1:11:55 1% 83% 4%
spring-authorization-server 556 17:06:49 18:26:59 13:18:35 7:40:54 3:23:34 42% 24% 1%
spring-asciidoctor-backends 8 13:56:32 13:55:12 0:01:26 13:51:52 0:03:16 0% 99% 0%
spring-restdocs 167 11:37:59 12:59:47 47:59:36 2:51:26 8:40:21 79% 5% 14%
spring-session-data-geode-build 186 8:50:32 9:04:59 0:16:02 0:00:00 8:55:11 3% 0% 95%
spring-graphql 228 3:22:18 4:02:55 0:39:20 2:34:07 0:40:40 14% 55% 14%
dependency-management-plugin 26 1:35:59 1:30:45 0:53:54 1:26:42 0:00:55 37% 60% 1%
spring-shell 202 1:45:33 1:08:42 1:00:14 0:42:49 0:12:19 47% 33% 10%
javadoc-plugin 115 0:25:12 0:10:22 0:37:54 0:02:22 0:05:15 79% 5% 1%




Avoiding work is work

but it pays off very quickly!

Etienne Studer Jim Hurne

SVP of Engineering, Lead Software Engineer,
Gradle Enterprise Gradle Enterprise



THANK YOU

Have any questions?

@etiennestuder
gradle.com/careers



