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by John Wiegley

In my pursuitto understandGit, itÕsbeenhelpfulfor meto understandit from the bottom
upÑ ratherthanlookatit onlyin termsof itshigh-levelcommands.AndsinceGit issobeauti-
fullysimplewhenviewedthisway,I thoughtothersmightbeinterestedto readwhatIÕvefound,
and perhaps avoid the pain I went through %nding it.

I used Git version 1.5.4.5 for each of the examples found in this document.
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License

&is documentisprovidedunderthetermsof theCreativeCommonsAttribution-ShareAlike
3.0 United States License, which may be viewed at the following URL:

http://creativecommons.org/licenses/by-sa/3.0/us/

In brief,youmayusethecontentsof thisdocumentfor anypurpose,personal,commercial
or otherwise,solongasattributionto theauthorismaintained.Likewise,thedocumentmaybe
modi%ed,andderivativeworksandtranslationsmadeavailable,solongassuchmodi%cations
and derivations are o(ered to the public on equal terms as the original document.
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Introduction

Welcometo theworldof Git. I hopethisdocumentwill helpto advanceyourunderstandingof
thispowerfulcontenttrackingsystem,andrevealabit of thesimplicityunderlyingit Ñ howev-
er dizzying its array of options may seem from the outside.

Beforewedivein, thereareafewtermswhichshouldbementioned%rst,sincetheyÕllappear
repeatedly throughout this text:

repository A repository is a collection of commits, each of which is an archive of 
what the project's working tree looked like at a past date, whether on 
your machine or someone else's.  It also de%nes !"#$  (see below), which 
identi%es the branch or commit the current working tree stemmed from.
Lastly, it contains a set of branches and tags, to identify certain commits 
by name.

the index Unlike other, similar tools you may have used, Git does not commit 
changes directly from the working tree into the repository.  Instead, 
changes are %rst registered in something called the index.  &ink of it as 
a way of Òcon%rmingÓ your changes, one by one, before doing a commit 
(which records all your approved changes at once).  Some %nd it helpful 
to call it instead as the Òstaging areaÓ, instead of the index.

working tree A working tree is any directory on your %lesystem which has a repository 
associated with it (typically indicated by the presence of a sub-directory 
within it named .git.).  It includes all the %les and sub-directories in 
that directory.

commit A commit is a snapshot of your working tree at some point in time.  &e 
state of !"#$  (see below) at the time your commit is made becomes that 
commitÕs parent.  &is is what creates the notion of  a Òrevision historyÓ.

branch A branch is just a name for a commit (and much more will be said about
commits in a moment), also called a reference.  ItÕs the parentage of a 
commit which de%nes its history, and thus the typical notion of a 
Òbranch of developmentÓ.

tag A tag is also a name for a commit, similar to a branch, except that it al-
ways names the same commit, and can have its own description text.
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master &e mainline of development in most repositories is done on a branch 
called ÒmasterÓ.  Although this is a typical default, it is in no way special.

  is used by your repository to de%ne what is currently checked out:

¥ If you checkout a branch, ,-./ symbolically refers to that branch, 
indicating that the branch name should be updated a'er the next 
commit operation.

¥ If you checkout a speci%c commit, ,-./ refers to that commit only. 
&is is referred to as a detached !"#$, and occurs, for example, if you
check out a tag name.

&e usual0owof eventsisthis:A'er creatingarepository,yourworkisdonein theworking
tree. Onceyourwork reachesa signi%cantpoint Ñ the completionof a bug,the endof the
workingday,amomentwheneverythingcompilesÑ youaddyourchangessuccessivelyto the
index.Oncetheindexcontainseverythingyouintendto commit,yourecorditscontentin the
repository.  HereÕs a simple diagram that shows a typical projectÕs life-cycle:

Index

Repository
Working 

Tree

Changes to the working 

tree are registered in the 

index using git-add

Changes are committed to 

the repository from the 

state of the index using 
git-commit

Earlier states of the working 

tree may be checked out 

from the repository at any 

time using git-checkout

With thisbasicpicturein mind1, thefollowingsectionsshallattemptto describehoweach
of these di(erent entities is important to the operation of Git.

1. In reality,a checkoutcausescontentsfrom the repositoryto becopiedinto the index,which is then
writtenout to theworkingtree. But sincetheuserneverseesthisusageof theindexduringacheckout
operation, I felt it would make more sense not to depict it in the diagram.
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Repository: Directory content tracking

Asmentionedabove,whatGit doesisquiterudimentary:it maintainssnapshotsof adirectoryÕs
contents.  Much of its internal design can be understood in terms of this basic task.

&e designof aGit repositoryin manywaysmirrorsthestructureof a1234 %lesystem:A
%lesystembeginswith a root directory,which typicallyconsistsof otherdirectories,mostof
whichhaveleafnodes,or %les,thatcontaindata.Meta-dataaboutthese%lesÕcontentsisstored
both in the directory(the names),andin the i-nodesthat referencethe contentsof those%le
(theirsize,type,permissions,etc). Eachi-nodehasauniquenumberthat identi%esthecontents
of itsrelated%le.Andwhileyoumayhavemanydirectoryentriespointingto aparticulari-node
(i.e., hard-links), itÕs the i-node which ÒownsÓ the contents stored on your %lesystem.

Internally,Git sharesa strikinglysimilarstructure,albeitwith oneor two keydi(erences.
First,it representsyour%leÕscontentsin blobs, whicharealsoleafnodesin somethingawfully
closeto adirectory,calleda tree. Justasani-nodeis uniquelyidenti%edbyasystem-assigned
number,ablobisnamedbycomputingthe5,.6 hashid of itssizeandcontents.Forall intents
andpurposesthis is justanarbitrarynumber,like ani-node,exceptthat it hastwo additional
properties:%rst,it veri%estheblobÕscontentswill neverchange;andsecond,thesamecontents
shallalwaysberepresentedbythesameblob,nomatterwhereit appears:acrosscommits,across
repositoriesÑ evenacrossthewholeInternet. If multipletreesreferencethesameblob,this is
justlikehard-linking:theblobwill not disappearfromyourrepositoryaslongasthereisat least
one link remaining to it.

&e di(erencebetweena Git blobanda %lesystemÕs%leis that a blobstoresno metadata
aboutits content. All suchinformationiskeptin the treethat holdstheblob. Onetreemay
knowthosecontentsasa%lenamedÒfooÓthat wascreatedin August2004,whileanothertree
mayknowthesamecontentsasa%lenamedÒbarÓthatwascreated%veyearslater. In anormal
%lesystem,two %leswith thesamecontentsbut with suchdi(erent metadatawouldalwaysbe
representedastwo independent%les.Why thisdi(erence?Mainly,itÕsbecausea%lesystemis
designedto support%lesthatchange,whereasGit isnot. &e factthatdataisimmutablein the
Git repositoryis whatmakesall of this workandsoadi(erent designwasneeded.And asit
turnsout, thisdesignallowsfor muchmorecompactstorage,sinceall objectshavingidentical
content can be shared, no matter where they are.
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Introducing the blob

Nowthatthebasicpicturehasbeenpainted,letÕsgetinto somepracticalexamples.IÕmgoingto
startbycreatingasampleGit repository,andshowinghowGit worksfrom thebottomup in
that repository.  Feel free to follow along as you read:

$ mkdir sample; cd sample

$ echo 'Hello, world!' > greeting

HereIÕvecreateda new%lesystemdirectorynamedÒsampleÓwhichcontainsa %lewhose
contentsareprosaicallypredictable.I havenÕtevencreateda repositoryyet,but alreadyI can
startusingsomeof GitÕscommandsto understandwhatitÕsgoingto do. Firstof all,IÕdlike to
know which hash id Git is going to store my greeting text under:

$ git hash-object greeting

af5626b4a114abcb82d63db7c8082c3c4756e51b

If yourunthiscommandonyoursystem,youÕllgetthesamehashid. EventhoughweÕrecre-
atingtwo di(erent repositories(possiblya world apart,even)our greetingblob in thosetwo
repositorieswill havethesamehashid. I couldevenpull commitsfrom yourrepositoryinto
mine,andGit wouldrealizethatweÕretrackingthesamecontentÑ andsowouldonlystoreone
copy of it!  Pretty cool.

&e nextstepis to initializeanewrepositoryandcommitthe%leinto it. IÕmgoingto do
thisall in onesteprightnow,but thencomebackanddoit againin stagessoyoucanseewhatÕs
going on underneath:

$ git init

$ git add greeting

$ git commit -m "Added my greeting"

At thispoint ourblobshouldbein thesystemexactlyasweexpected,usingthehashid de-
terminedabove.Asaconvenience,Git requiresonlyasmanydigitsof thehashid asareneces-
sary to uniquely identify it within the repository.  Usually just six or seven digits is enough:

$ git cat-file -t af5626b

blob

$ git cat-file blob af5626b

Hello, world!

&ere it is! I havenÕtevenlookedat whichcommitholdsit, or whattreeitÕsin, but based
solelyonthecontentsI wasableto assumeitÕsthere,andthereit is. It will alwayshavethissame
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identi%er,no matterhowlongthe repositorylivesor wherethe%lewithin it is stored.&ese
particular contents are now veri%ably preserved, forever.

In thisway,aGit blobrepresentsthefundamentaldataunit in Git. Really,thewholesystem
is about blob management.

Blobs are stored in trees

&e contentsof your%lesarestoredin blobs,but thoseblobsareprettyfeatureless.&ey have
no name, no structure Ñ theyÕre just ÒblobsÓ, a'er all.

In orderfor Git to representthestructureandnamingof your%les,it attachesblobsasleaf
nodeswithin atree.Now,I canÕtdiscoverwhichtree(s)abloblivesin justbylookingat it, since
it mayhavemany,manyowners.But I knowit mustlivesomewherewithin thetreeheldbythe
commit I just made:

$ git ls-tree HEAD

100644 blob af5626b4a114abcb82d63db7c8082c3c4756e51b greeting

&ere it is! &is %rstcommitaddedmygreeting%leto therepository.&is commitcon-
tains one Git tree, which has a single leaf: the greeting contentÕs blob.

AlthoughI canlookat thetreecontainingmyblobbypassing,-./ to ls-tree, I havenÕt
yetseentheunderlyingtreeobjectreferencedbythatcommit. Hereareafewothercommands
to highlight that di(erence and thus discover my tree:

$ git rev-parse HEAD

588483b99a46342501d99e3f10630cfc1219ea32   # different on your system

$ git cat-file -t HEAD

commit

$ git cat-file commit HEAD

tree 0563f77d884e4f79ce95117e2d686d7d6e282887

author John Wiegley <johnw@newartisans.com> 1209512110 -0400

committer John Wiegley <johnw@newartisans.com> 1209512110 -0400

Added my greeting

&e %rstcommanddecodesthe,-./ aliasinto thecommitit references,thesecondveri%es
its type,whilethethird commandshowsthehashid of thetreeheldbythatcommit,aswellas
theotherinformationstoredin thecommitobject.&e hashid for thecommitisuniqueto my
repositoryÑ becauseit includesmy nameandthedatewhenI madethecommitÑ but the
hashid for thetreeshouldbecommonbetweenyourexampleandmine,containingasit does
the same blob under the same name.
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LetÕs verify that this is indeed the same tree object:

$ git ls-tree 0563f77

100644 blob af5626b4a114abcb82d63db7c8082c3c4756e51b greeting

&ere youhaveit: myrepositorycontainsasinglecommit,whichreferencesatreethatholds
ablobÑ theblobcontainingthecontentsI wantto record.&ereÕsonemorecommandI can
run to verify that this is indeed the case:

$ find .git/objects -type f | sort

.git/objects/05/63f77d884e4f79ce95117e2d686d7d6e282887

.git/objects/58/8483b99a46342501d99e3f10630cfc1219ea32

.git/objects/af/5626b4a114abcb82d63db7c8082c3c4756e51b

FromthisoutputI seethat thewholeof myrepocontainsthreeobjects,eachof whosehash
id hasappearedin theprecedingexamples.LetÕstakeonelastlookat thetypesof theseobjects,
just to satisfy curiosity:

$ git cat-file -t 588483b99a46342501d99e3f10630cfc1219ea32

commit

$ git cat-file -t 0563f77d884e4f79ce95117e2d686d7d6e282887

tree

$ git cat-file -t af5626b4a114abcb82d63db7c8082c3c4756e51b

blob

I couldhaveusedtheshow commandat thispoint to viewtheconcisecontentsof eachof
these objects, but IÕll leave that as an exercise to the reader.

How trees are made

Everycommitholdsasingletree,but howaretreesmade?We knowthat blobsarecreatedby
stu:ng thecontentsof your%lesinto blobsÑ andthat treesownblobsÑ but wehavenÕtyet
seen how the tree that holds the blob is made, or how that tree gets linked to its parent commit.

LetÕsstartwith anewsamplerepositoryagain,but this timeby doingthingsmanually,so
you can get a feeling for exactly whatÕs happening under the hood:

$ rm -fr greeting .git

$ echo 'Hello, world!' > greeting

$ git init

$ git add greeting

It allstartswhenyou%rstadda%leto theindex.Fornow,letÕsjustsaythattheindexiswhat
youuseto initiallycreateblobsout of %les.WhenI addedthe%legreeting, achangeoccurred
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in my repository.I canÕtseethis changeasa commityet,but hereis onewayI cantell what
happened:

$ git log # this will fail, there are no commits!

fatal: bad default revision 'HEAD'

$ git ls-files --stage # list blob referenced by the index

100644 af5626b4a114abcb82d63db7c8082c3c4756e51b 0 greeting

WhatÕsthis? I havenÕtcommittedanythingto therepositoryyet,but alreadyanobjecthas
comeinto being.It hasthesamehashid I startedthiswholebusinesswith, soI knowit repre-
sentsthecontentsof mygreeting %le.I couldusecat-file -t at thispoint on thehashid,
andIÕdseethat it wasablob. It is,in fact,thesameblobI gotthe%rsttimeI createdthissample
repository.&e same%lewill alwaysresultin thesameblob(justin caseI havenÕtstressedthat
enough).

&is blobisnÕtreferencedbyatreeyet,norarethereanycommits.At themomentit isonly
referencedfroma%lenamed.git/index,whichreferencestheblobsandtreesthatmakeupthe
current index.  So now letÕs make a tree in the repo for our blob to hang o( of:

$ git write-tree # record the contents of the index in a tree

0563f77d884e4f79ce95117e2d686d7d6e282887

&is numbershouldlookfamiliaraswell:atreecontainingthesameblobs(andsub-trees)
will alwayshavethesamehashid. I donÕthaveacommitobjectyet,but nowthereisatreeob-
ject in that repositorywhichholdsthe blob. &e purposeof the low-levelwrite-tree com-
mandis to takewhateverthecontentsof the indexareandtuck theminto anewtreefor the
purpose of creating a commit.

I canmanuallymakeanewcommitobjectbyusingthistreedirectly,whichisjustwhatthe
commit-tree command does:

$ echo "Initial commit" | git commit-tree 0563f77

5f1bc85745dcccce6121494fdd37658cb4ad441f

&e rawcommit-tree commandtakesatreeÕshashid andmakesacommitobjectto holdit.
If I hadwantedthecommitto haveaparent,I wouldhavehadto specifytheparentcommitÕs
hashid explicitlyusingthe-p option. Also,noteherethatthehashid di(ersfromwhatwill ap-
pearonyoursystem:&is isbecausemycommitobjectrefersto bothmyname,andthedateat
which I created the commit, and these two details will always be di(erent from yours.

Our workisnot doneyet,though,sinceI havenÕtregisteredthecommitasthenewheadof
the current branch:

$ echo 5f1bc85745dcccce6121494fdd37658cb4ad441f > .git/refs/heads/master
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&is commandtellsGit that thebranchnameÒmasterÓshouldnowreferto ourrecentcom-
mit.  Another, much safer way to do this is by using the command update-ref:

$ git update-ref refs/heads/master 5f1bc857

A'er creatingmaster, wemustassociateour workingtreewith it. Normallythishappens
for you whenever you check out a branch:

$ git symbolic-ref HEAD refs/heads/master

&is commandassociates,-./ symbolicallywith themasterbranch.&is issigni%cantbe-
causeanyfuturecommitsfrom the workingtreewill now automaticallyupdatethe valueof
refs/heads/master.

ItÕshardto believeitÕsthis simple,but yes,I cannow uselog to viewmy newlyminted
commit:

$ git log

commit 5f1bc85745dcccce6121494fdd37658cb4ad441f

Author: John Wiegley <johnw@newartisans.com>

Date:   Mon Apr 14 11:14:58 2008 -0400

    Initial commit

A sidenote:if I hadnÕtsetrefs/heads/master to point to thenewcommit,it wouldhave
beenconsideredÒunreachableÓ,sincenothingcurrentlyrefersto it nor isit theparentof areach-
ablecommit.Whenthisisthecase,thecommitobjectwill atsomepointberemovedfromthe
repository,alongwith its treeandall its blobs. (&is happensautomaticallyby a command
calledgc,whichyourarelyneedto usemanually).Bylinkingthecommitto anamewithin refs/
heads,aswedidabove,it becomesareachablecommit,whichensuresthat itÕskeptaroundfrom
now on.

The beauty of commits

SomeversioncontrolsystemsmakeÒbranchesÓinto magicalthings,o'en distinguishingthem
fromtheÒmainlineÓor ÒtrunkÓ,whileothersdiscusstheconceptasthoughit wereverydi(erent
fromcommits.But in Git thereareno branchesasseparateentities:thereareonlyblobs,trees
andcommits2. Sinceacommitcanhaveoneor moreparents,andthosecommitscanhavepar-
ents,thisiswhatallowsasinglecommitto betreatedlikeabranch:becauseit knowsthewhole
history that led up to it.

2. Well, and tags, but these are just fancy references to commits and can be ignored for the time being.
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You can examineall the top-level,referencedcommitsat any time usingthe branch

command:

$ git branch -v

* master 5f1bc85 Initial commit

Sayit with me:A branchisnothingmorethananamedreferenceto acommit. In thisway,
branchesandtagsareidentical,with the soleexceptionthat tagscanhavetheir own descrip-
tions,just like the commitstheyreference.Branchesarejust names,but tagsaredescriptive,
well, ÒtagsÓ.

But thefactis,wedonÕtreallyneedto usealiasesatall. Forexample,if I wantedto, I could
referenceeverythingin therepositoryusingonlythehashidsof its commits.HereÕsmebeing
straight up loco and resetting the head of my working tree to a particular commit:

$ git reset --hard 5f1bc85

&e --hard optionsaysto eraseall changescurrentlyin myworkingtree,whethertheyÕve
beenregisteredfor acheckinor not (morewill besaidaboutthiscommandlater). A saferway
to do the same thing is by using checkout:

$ git checkout 5f1bc85

&e di(erencehereis that changed%lesin myworkingtreearepreserved.If I passthe-f

option to checkout, it actsthesamein this caseto reset --hard, exceptthat checkout only
everchangestheworkingtree,whereasreset --hard changesthecurrentbranch's,-./ to ref-
erence the speci%ed version of the tree.

Anotherjoyof thecommit-basedsystemisthatyoucanrephraseeventhemostcomplicated
versioncontrolterminologyusingasinglevocabulary.For example,if acommithasmultiple
parents,itÕsaÒmergecommitÓÑ sinceit mergedmultiplecommitsinto one. Or, if acommit
hasmultiplechildren,it representstheancestorof aÒbranchÓ,etc. But reallythereisno di(er-
encebetweenthesethingsto Git: to it, theworldissimplyacollectionof commitobjects,each
of whichholdsa treethat referencesothertreesandblobs,whichstoreyourdata. Anything
more complicated than this is simply a device of nomenclature.

Here is a picture of how all these pieces %t together:
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A commit by any other name…

Understandingcommitsis the keyto grokkingGit. YouÕllknow youhavereachedthe Zen
plateauof branchingwisdomwhenyourmindcontainsonlycommittopologies,leavingbehind
theconfusionof branches,tags,localandremoterepositories,etc. Hopefullysuchunderstand-
ingwill not requireloppingo( yourarm3 Ñ althoughI canappreciateif youÕveconsideredit by
now.

If commitsarethekey,howyounamecommitsisthedoorwayto mastery.&ere aremany,
manywaysto namecommits,rangesof commits,andevensomeof theobjectsheldbycommits,
whichareacceptedbymostof theGit commands.HereÕsasummaryof someof themorebasic
usages:

branchname Ashasbeensaidbefore,thenameof anybranchissimplyanalias
for themostrecentcommiton thatÒbranchÓ.&is isthesameas
using the word ,-./ whenever that branch is checked out.

HEAD

circles are commit 
objects,  which link to one 
or more parent commits 
— back to their original 

ancestor(s) — thus 
forming a "history"

triangles are tree 
objects , held by 

commits and 
other trees

squares are blob 
objects , which are 

why the whole 
system exists

every commit holds a 
tree, and every tree 

may contain any 
number of other trees 
and blobs in its leaves

3. Cf. the example of the second Zen patriarch, Hui-kÕo.

http://www.newartisans.com/"##)/#*/git-from-the-bottom-up.html © "##),"##$ John Wiegley

- ;"  -



tagname A tag-namealiasisidenticalto abranchaliasin termsof naming
acommit.&e majordi(erencebetweenthetwoisthattagalias-
esneverchange,whereasbranchaliaseschangeeachtimeanew
commit is checked in to that branch.

HEAD &e currentlycheckedout commitisalwayscalled,-./. If you
checkoutaspeci%ccommitÑ insteadof abranchnameÑ then
,-./ refersto that commitonly andnot to anybranch. Note
that thiscaseissomewhatspecial,andiscalledÒusingadetached
,-./Ó (IÕm sure thereÕs a joke to be told hereÉ).

c82a22c39cbc32… A commitmayalwaysbereferencedusingits full, 40-character
5,.6 hashid. Usuallythishappensduringcut-and-pasting,since
therearetypicallyother,moreconvenientwaysto referto the
same commit.

c82a22c Youonlyneeduseasmanydigitsof ahashid asareneededfor a
uniquereferencewithin therepository.Mostof thetime,sixor
seven digits is enough.

name^ &e parentof anycommitisreferencedusingthecaretsymbol.If
a commit has more than one parent, the %rst is used.

name^^ Caretsmaybeappliedsuccessively.&is aliasrefersto Òthepar-
ent of the parentÓ of the given commit name.

name^2 If acommithasmultipleparents(suchasamergecommit),you
can refer to the nth parent using name^n.

name~10 A commitÕsnth ancestormaybereferencedusingatilde (~) fol-
lowedbytheordinalnumber.&is typeof usageiscommonwith
rebase -i, for example,to meanÒshowmea bunchof recent
commitsÓ.  &is is the same as name^^^^^^^^^^.

name:path To referenceacertain%lewithin acommitÕscontenttree,specify
that %leÕsnamea'er a colon. &is is helpfulwith show, or to
show the di(erence between two versions of a committed %le:

$ git diff HEAD^1:Makefile HEAD^2:Makefile

name^{tree} Youcanreferencejustthetreeheldbyacommit,ratherthanthe
commit itself.

http://www.newartisans.com/"##)/#*/git-from-the-bottom-up.html © "##),"##$ John Wiegley

- ;+ -



name1..name2 &is andthe followingaliasesindicatecommitranges, whichare
supremelyusefulwith commandslike log for seeingwhatÕshap-
pened during a particular span of time.

&e syntaxto the le' refersto all the commitsreachablefrom
name2 backto, but not including,name1. If eithername1 or
name2 is omitted, ,-./ is used in its place.

name1...name2 A Òtriple-dotÓrangeis quitedi(erent from the two-dotversion
above.Forcommandslikelog, it refersto all thecommitsrefer-
encedbyname1 or name2, but not byboth. &e resultisthena
list of all the unique commits in both branches.

Forcommandslike diff, therangeexpressedisbetweenname2
andthe commonancestorof name1 andname2. &is di(ers
from thelog casein that changesintroducedby name1 arenot
shown.

master.. &is usageis equivalentto Òmaster..HEADÓ.IÕmaddingit here,
eventhoughitÕsbeenimpliedabove,becauseI usethis kind of
aliasconstantlywhenreviewingchangesmadeto the current
branch.

..master &is, too, is especiallyusefula'er youÕvedonea fetch andyou
wantto seewhatchangeshaveoccurredsinceyourlastrebase or
merge.

--since="2 weeks ago" Refers to all commits since a certain date.

--until=”1 week ago” Refers to all commits up to a certain date.

--grep=pattern Refersto allcommitswhosecommitmessagematchestheregular
expression pattern.

--committer=pattern Refers to all commits whose committer matches the pattern.

--author=pattern Refersto allcommitswhoseauthormatchesthepattern.&e au-
thorof acommitistheonewhocreatedthechangesit represents.
For localdevelopmentthis is alwaysthesameasthecommitter,
but whenpatchesarebeingsentby e-mail,the authorandthe
committer usually di(er.
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--no-merges Refersto all commitsin therangethat haveonlyoneparentÑ
that is, it ignores all merge commits.

Mostof theseoptionscanbemixed-and-matched.Hereisanexamplewhichshowsthefol-
lowinglog entries:changesmadeto the currentbranch(branchedfrom master), by myself,
within the last month, which contain the text ÒfooÓ:

$ git log --grep='foo' --author='johnw' --since="1 month ago" master..

Branching and the power of rebase

Oneof GitÕsmostcapablecommandsfor manipulatingcommitsis the innocently-namedre-
base command.Basically,everybranchyouwork from hasoneor moreÒbasecommitsÓ:the
commitsthat branchwasborn from. Takethe followingtypicalscenario,for example.Note
thatthearrowspointbackin timebecauseeachcommitreferencesitsparent(s),butnot itschil-
dren.  &erefore, the D and Z commits represent the heads of their respective branches:

A B C D

W X Y Z

In thiscase,runningbranch wouldshowtwo ÒheadsÓ:D andZ, with thecommonparentof
both branches being A.  &e output of show-branch shows us just this information:

$ git branch

  Z
* D

$ git show-branch

! [Z] Z
 * [D] D
--
 * [D] D
 * [D^] C
 * [D~2] B
+  [Z] Z
+  [Z^] Y
+  [Z~2] X
+  [Z~3] W
+* [D~3] A

Readingthisoutputtakesalittle gettingusedto,butessentiallyitÕsnodi(erent fromthedi-
agram above.  HereÕs what it tells us:
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¥ &e branchweÕreonexperiencedits%rstdivergenceatcommitA (alsoknownascom-
mit D~3, andevenZ~4 if youfeelsoinclined).&e syntaxcommit^ isusedto referto
the parent of a commit, while commit~3 refersto its third parent,or great-
grandparent.

¥ Readingfrom bottom to top, the %rstcolumn(the plussigns)showsa divergent
branch named Z with four commits: W, X, Y and Z.

¥ &e secondcolumn(theasterisks)showthecommitswhichhappenedon thecurrent
branch, namely three commits: B, C and D.

¥ &e top of the output,separatedfrom the bottomby a dividingline, identi%esthe
branchesdisplayed,whichcolumntheir commitsarelabelledby,andthe character
used for the labeling.

&e actionweÕdliketo performisto bringtheworkingbranchZ backup to speedwith the
main branch, D.  In other words, we want to incorporate the work from B, C, and D into Z.

In otherversioncontrolsystemsthissortof thingcanonlybedoneusingaÒbranchmergeÓ.
In fact,abranchmergecanstill bedonein Git, usingmerge, andremainsneedfulin thecase
whereZ isapublishedbranchandwedonÕtwantto alteritscommithistory.Herearethecom-
mands to run:

$ git checkout Z # switch to the Z branch

$ git merge D # merge commits B, C and D into Z

&is is what the repository looks like a'erward:

Z' (Z+D)

A B C D

W X Y Z

If wecheckedout theZ branchnow,it wouldcontainthecontentsof thepreviousZ (now
referenceableasZ^), mergedwith the contentsof D. (&ough note:a realmergeoperation
would have required resolving any con0icts between the states of D and Z).

AlthoughthenewZ nowcontainsthechangesfromD, it alsoincludesanewcommitto rep-
resentthemergingof Z with D: thecommitnowshownasZ’. &is commitdoesnÕtaddanything
new,but representstheworkdoneto bringD andZ together.In asenseitÕsaÒmeta-commitÓ,be-
causeitscontentsarerelatedto workdonesolelyin therepository,andnot to newworkdonein
the working tree.
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&ere isaway,however,to transplanttheZ branchstraightontoD, e(ectivelymovingit for-
ward in time: by using the powerful rebase command.  HereÕs the graph weÕre aiming for:

A B C D

W' X' Y' Z'

&is stateof a(airsmostdirectlyrepresentswhatweÕdlikedone:for our local,development
branchZ to bebasedonthelatestworkin themainbranchD. &atÕswhythecommandiscalled
ÒrebaseÓ,becauseit changesthebasecommitof thebranchitÕsrunfrom. If yourun it repeatedly,
youcancarryforwarda setof patchesinde%nitely,alwaysstayingup-to-datewith the main
branch,butwithoutaddingunnecessarymergecommitsto yourdevelopmentbranch4. Hereare
the commands to run, compared to the merge operation performed above:

$ git checkout Z # switch to the Z branch

$ git rebase D # change Z’s base commit to point to D

Why is this only for localbranches?Becauseeverytime you rebase,youÕrepotentially
changingeverycommitin the branch.Earlier,whenW wasbasedon A, it containedonly the
changesneededto transformA into W. A'er runningrebase, however,W will berewrittento
containthechangesnecessaryto transformD into W’. Eventhe transformationfrom W to X is
changed,becauseA+W+X isnowD+W’+X’ Ñ andsoon. If thiswereabranchwhosechangesare
seenby other people,and anyof your downstreamconsumershadcreatedtheir own local
branches o( of Z, their branches would now point to the old Z, not the new Z’.

Generally,thefollowingruleof thumbcanbeused:Userebase if youhavealocalbranch
with nootherbranchesthathavebranchedo( fromit, andusemerge for allothercases.merge
is also useful when youÕre ready to pull your local branchÕs changes back into the main branch.

Interactive rebasing

Whenrebase wasrun above,it automaticallyrewroteall thecommitsfromW to Z in orderto
rebasetheZ branchontotheD commit(i.e.,theheadcommitof theD branch).Youcan,how-
ever,takecompletecontroloverhowthis rewritingisdone. If yousupplythe-i optionto re-

4. Notethattherearevalidreasonsfor not doingthis,andusingmergeinstead.&e choicedependsonyour
situation. One downsideto rebasingis that evenif the rebasedworkingtreecompiles,thereis no
guaranteethat theintermediatecommitscompileanymoresincetheywerenevercompiledin theirnewly
rebased state.  If historical validity matters to you, prefer merging.
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base, it will popyouinto aneditingbu(er whereyoucanchoosewhatshouldbedonefor every
commit in the local Z branch:

pick &is is the default behavior chosen for every commit in the branch if you 
donÕt use interactive mode.  It means that the commit in question should 
be applied to its (now rewritten) parent commit.  For every commit that 
involves con0icts, the rebase command gives you an opportunity to re-
solve them.

squash A squashed commit will have its contents ÒfoldedÓ into the contents of the 
commit preceding it.  &is can be done any number of times.  If you took 
the example branch above and squashed all of its commits (except the %rst, 
which must be a pick in order to squash), you would end up with a new Z 
branch containing only one commit on top of D.  Useful if you have 
changes spread over multiple commits, but youÕd like the history rewritten 
to show them all as a single commit.

edit If you mark a commit as edit, the rebasing process will stop at that commit 
and leave you at the shell with the current working tree set to re0ect that 
commit.  &e index will have all the commitÕs changes registered for inclu-
sion when you run commit.  You can thus make whatever changes you like: 
amend a change, undo a change, etc.; and a'er committing, and running 
rebase --continue, the commit will be rewritten as if those changes had 
been made originally.

(drop) If you remove a commit from the interactive rebase %le, or if you comment 
it out, the commit will simply disappear as if it had never been checked in.  
Note that this can cause merge con0icts if any of the later commits in the 
branch depended on those changes.

&e powerof thiscommandishardto appreciateat%rst,but it grantsyouvirtuallyunlimit-
ed control over the shape of any branch.  You can use it to:

¥ Collapse multiple commits into single ones.

¥ Re-order commits.

¥ Remove incorrect changes you now regret.

¥ Move the base of your branch onto any other commit in the repository.

¥ Modify a single commit, to amend a change long a'er the fact.
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I recommendreadingthe manpagefor rebase at this point, asit containsseveralgood
exampleshowthetruepowerof thisbeastmaybeunleashed.To giveyouonelasttasteof how
potentatool thisis,considerthefollowingscenarioandwhatyouÕddoif onedayyouwantedto
migrate the secondary branch L to become the new head of Z:

A B C D

W X Y Z

I J K L

&e picturereads:wehaveour main-lineof development,D, whichthreecommitsagowas
branchedto beginspeculativedevelopmenton Z. At somepoint in themiddleof all this,back
whenC andX weretheheadsof their respectivebranches,wedecidedto beginanotherspecula-
tion which%nallyproducedL. Now weÕvefound that LÕscodeis good,but not quitegood
enoughto mergebackoverto themain-line,sowedecideto movethosechangesoverto thede-
velopmentbranchZ, makingit lookasthoughweÕddonethemallononebrancha'er all. Oh,
andwhileweÕreatit, wewantto editJ realquickto changethecopyrightdate,sinceweforgotit
was "##) when we made the change!  Here are the commands needed to untangle this knot:

$ git checkout L

$ git rebase -i Z

A'er resolving whatever con0icts emerge, I now have this repository:

A B C D

W X Y Z

I' J' K' L'(B + C +)

Asyoucansee,whenit comesto localdevelopment,rebasinggivesyouunlimitedcontrol
over how your commits appear in the repository.
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The Index: Meet the middle man

Betweenyourdata%les,whicharestoredonthe%lesystem,andyourGit blobs,whicharestored
in therepository,therestandsasomewhatstrangeentity:theGit index.Partof whatmakesthis
beasthardto understandisthat itÕsgotaratherunfortunatename.ItÕsanindexin thesensethat
it refersto thesetof newlycreatedtreesandblobswhichyoucreatedby runningadd. &ese
newobjectswill soongetboundinto anewtreefor thepurposeof committingto yourreposito-
ry Ñ but until then,theyareonlyreferencedbytheindex.&at meansthat if youunregistera
changefromtheindexwith reset, youÕllendupwith anorphanedblobthatwill getdeletedat
some point at the future.

&e indexisreallyjustastagingareafor yournextcommit,andthereÕsagoodreasonwhyit
exists:it supportsamodelof developmentthat maybeforeignto usersof <=5or Subversion,
but which is all too familiar to Darcs users: the ability to build up your next commit in stages.

HEAD
Index

Working tree

The state of the index becomes 
the tree of the next commit

Files, directories and "hunks" (individual 
changes within a !le) are added to the index 

using git-add and git-add --patch

NEW HEAD

First,letmesaythat thereisawayto ignoretheindexalmostentirely:bypassingthe-a 0ag
to commit. Lookat thewaySubversionworks,for example.Whenyoutypesvn status, what
youÕllseeisalistof actionsto beappliedto yourrepositoryonthenextcallto svn commit. In a
way,thisÒlistof nextactionsÓisakind of informalindex,determinedbycomparingthestateof
yourworkingtreewith thestateof ,-./. If the%lefoo.c hasbeenchanged,onyournextcom-
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mit thosechangeswill besaved.If anunknown%lehasaquestionmarknextto it, it will beig-
nored; but a new %le which has been added with svn add will get added to the repository.

&is is no di(erent from whathappensif youusecommit -a: new,unknown%lesareig-
nored,but new%leswhichhavebeenaddedwith add areaddedto the repository,asareany
changesto existing%les.&is interactionis nearlyidenticalwith theSubversionwayof doing
things.

&e realdi(erenceis that in theSubversioncase,yourÒlistof nextactionsÓisalwaysdeter-
minedbylookingat thecurrentworkingtree.In Git, theÒlistof nextactionsÓisthecontentsof
theindex,whichrepresentswhatwill becomethenextstateof ,-./, andthatyoucanmanipu-
latedirectlybeforeexecutingcommit. &is givesyouanextralayerof controloverwhatÕsgoing
to happen, by allowing you to stage those changes in advance.

If this isnÕtclearyet,considerthe followingexample:youhavea trustysource%le,foo.c,
andyouÕvemadetwosetsof unrelatedchangesto it. WhatyouÕdliketo doisto teaseapartthese
changesinto twodi(erentcommits,eachwith itsowndescription.HereÕshowyouÕddothisin
Subversion:

$ svn diff foo.c > foo.patch

$ vi foo.patch

<edit foo.patch, keeping the changes I want to commit later>

$ patch -p1 -R < foo.patch    # remove the second set of changes

$ svn commit -m "First commit message"

$ patch -p1 < foo.patch       # re-apply the remaining changes

$ svn commit -m "Second commit message"

Soundslike fun? Now repeatthat manytimesoverfor acomplex,dynamicsetof changes.
HereÕs the Git version, making use of the index:

$ git add --patch foo.c

<select the hunks I want to commit first>

$ git commit -m "First commit message"

$ git add foo.c               # add the remaining changes

$ git commit -m "Second commit message"

WhatÕsmore,it getseveneasier! If you like Emacs,the superlativetool gitsum.el5, by
ChristianNeukirchan,putsabeautifulfaceonthispotentiallytediousprocess.I recentlyusedit
to tease apart 11 separate commits from a set of con0ated changes.  &ank you, Christian!

5. http://chneukirchen.org/blog/archive/2008/02/introducing-gitsum.html
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Taking the index farther

LetÕssee,the indexÉWith it youcanpre-stageasetof changes,thusiterativelybuildingup a
patch before committing it to the repository.  Now, where have I heard that concept beforeÉ

If youÕrethinking ÒQuilt!Ó,youÕreexactlyright. In fact,the indexis little di(erent from
Quilt6, it just adds the restriction of allowing only one patch to be constructed at a time.

But whatif, insteadof two setsof changeswithin foo.c, I hadfour? With plainGit, IÕd
haveto teaseeachoneout,commitit, andthenteaseout thenext. &is ismademucheasierus-
ingtheindex,butwhatif I wantedto testthosechangesin variouscombinationwith eachother
beforecheckingthemin? &at is,if I labelledthepatchesA, B,C andD, whatif I wantedto
testA + B, then A + C, then A + D, etc.,beforedecidingif anyof the changesweretruly
complete?

&ere isnomechanismin Git itselfthatallowsyouto mixandmatchparallelsetsof changes
on the0y. Sure,multiplebranchescanlet youdoparalleldevelopment,andtheindexletsyou
stagemultiplechangesinto aseriesof commits,but youcanÕtdobothatonce:stagingaseriesof
patcheswhileat thesametimeselectivelyenablinganddisablingsomeof them,to verifythein-
tegrity of the patches in concert before %nally committing them.

What youÕdneedto dosomethinglike this isanindexwhichallowsfor greaterdepththan
one commit at a time.  &is is exactly what Stacked Git7 provides.

HereÕs how IÕd commit two di(erent patches into my working tree using plain Git:

$ git add -i # select first set of changes

$ git commit -m "First commit message"

$ git add -i # select second set of changes

$ git commit -m "Second commit message"

&is worksgreat,but I canÕtselectivelydisablethe%rstcommitin orderto testthesecond
one alone.  To do that, IÕd have to do the following:

6. http://savannah.nongnu.org/projects/quilt

7. http://procode.org/stgit
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$ git log # find the hash id of the first commit

$ git checkout -b work <first commit’s hash id>^

$ git cherry-pick <second commit’s hash id>

<...  run tests ...>

$ git checkout master # go back to the master "branch"

$ git branch -D work # remove my temporary branch

Surelytherehasto beabetterway! With stg I canqueueupbothpatchesandthenre-ap-
ply themin whateverorderI like, for independentor combinedtesting,etc. HereÕshow IÕd
queue the same two patches from the previous example, using stg:

$ stg new patch1

$ git add -i # select first set of changes

$ stg refresh --index

$ stg new patch2

$ git add -i # select second set of changes

$ stg refresh --index

Now if I want to selectivelydisablethe %rstpatch to test only the second,itÕsvery
straightforward:

$ stg applied

patch1

patch2

<...  do tests using both patches ...>

$ stg pop patch1

<...  do tests using only patch2 ...>

$ stg pop patch2

$ stg push patch1

<...  do tests using only patch1 ...>

$ stg push -a

$ stg commit -a # commit all the patches

&is isde%nitelyeasierthancreatingtemporarybranchesandusingcherry-pick to apply
speci%c commit ids, followed by deleting the temporary branch.
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To reset, or not to reset

Oneof themoredi:cult commandsto masterin Git isreset,whichseemsto bitepeoplemore
o'en thanothercommands.Whichisunderstandable,givingthatit hasthepotentialto change
bothyourworkingtreeandyourcurrent,-./ reference.SoI thoughtaquickreviewof this
command would be useful.

Basically,reset isareferenceeditor,anindexeditor,andaworkingtreeeditor. &is ispart-
ly whatmakesit soconfusing,becauseitÕscapableof doingsomanyjobs. LetÕsexaminethe
di(erence between these three modes, and how they %t into the Git commit model.

Doing a mixed reset

If youusethe--mixed option(or nooptionatall,asthisisthedefault),reset will revertparts
of yourindexalongwith your,-./ referenceto matchthegivencommit.&e maindi(erence
from --soft is that --soft only changes the meaning of ,-./ and doesnÕt touch the index. 

$ git add foo.c     # add changes to the index as a new blob

$ git reset HEAD     # delete any changes staged in the index

$ git add foo.c     # made a mistake, add it back

Doing a soft reset

If youusethe--soft optionto reset, thisisthesameassimplychangingyour,-./ reference
to adi(erentcommit.Yourworkingtreechangesarele' untouched.&is meansthefollowing
two commands are equivalent:

$ git reset --soft HEAD^     # backup HEAD to its parent,

                             # effectively ignoring the last commit

$ git update-ref HEAD HEAD^  # does the same thing, albeit manually

In bothcases,yourworkingtreenowsitson top of anolder,-./, soyoushouldseemore
changesif yourun status. ItÕsnot that your%lehavebeenchanged,simplythat theyarenow
beingcomparedagainstanolderversion.It cangiveyouachanceto createanewcommitin
placeof theoldone. In fact,if thecommityouwantto changeisthemostrecentonechecked
in, youcanusecommit --amend to addyourlatestchangesto thelastcommitasif youÕddone
them together.

But pleasenote:if youhavedownstreamconsumers,andtheyÕvedoneworkon top of your
previousheadÑ theoneyouthrewawayÑ changing,-./ likethiswill forceamergeto hap-
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penautomaticallya'er theirnextpull. Belowiswhatyourtreewouldlooklikea'er aso' reset
and a new commit:

AndhereÕswhatyourconsumerÕsHEAD wouldlooklikea'er theypulledagain,with colors
to show how the various commits match up:

Doing a hard reset

A hardreset(the--hard option)hasthepotentialof beingverydangerous,asitÕsableto dotwo
di(erent thingsatonce:First,if youdoahardresetagainstyourcurrent,-./, it will eraseall
changes in your working tree, so that your current %les match the contents of ,-./.

&ere isalsoanothercommand,checkout, whichoperatesjustlikereset --hard if thein-
dex is empty.  Otherwise, it forces your working tree to match the index.

Now,if youdoahardresetagainstanearliercommit,itÕsthesameas%rstdoingaso' reset
andthenusingreset --hard to resetyourworkingtree. &us, the followingcommandsare
equivalent:

$ git reset --hard HEAD~3   # Go back in time, throwing away changes

$ git reset --soft HEAD~3   # Set HEAD to point to an earlier commit

$ git reset --hard          # Wipe out differences in the working tree

Asyoucansee,doingahardresetcanbeverydestructive.Fortunately,thereisasaferwayto
achieve the same e(ect, using the Git stash (see the next section):

$ git stash

$ git checkout -b new-branch HEAD~3   # head back in time!

new HEAD

HEAD^

old HEAD (in reßog for 30 more days)

their previous HEAD

new merged HEAD
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&is approachhastwo distinctadvantagesif youÕrenot surewhetheryou reallywant to
modify the current branch just now:

1. It savesyourworkin thestash,whichyoucancomebackto atanytime. Notethat
thestashisnot branchspeci%c,soyoucouldpotentiallystashthestateof yourtree
while on one branch, and later apply the di(erences to another.

2. It revertsyourworkingtreebackto apaststate,but on anewbranch,soif youde-
cideto commityourchangesagainstthepaststate,youwonÕthavealteredyourorig-
inal branch.

If youdo makechangesto new-branch andthendecideyouwantit to becomeyournew
master branch, run the following commands:

$ git branch -D master             # goodbye old master (still in reflog)

$ git branch -m new-branch master  # the new-branch is now my master

&e moralof thisstoryis:althoughyoucandomajorsurgeryonyourcurrentbranchusing
reset --soft andreset --hard (whichchangestheworkingtreetoo),whywouldyouwant
to? Git makesworkingwith branchessoeasyandcheap,itÕsalmostalwaysworth it to doyour
destructivemodi%cationsonabranch,andthenmovethatbranchoverto taketheplaceof your
old master.  It has an almost Sith-like appeal to itÉ

And whatif youdo accidentallyrun reset --hard, losingnot onlyyourcurrentchanges
but alsoremovingcommitsfromyourmasterbranch?Well,unlessyouÕvegotteninto thehabit
of usingstash to takesnapshots(seenextsection),thereÕsnothingyoucando to recoveryour
lostworkingtree.Butyoucanrestoreyourbranchto itspreviousstatebyagainusingreset --

hard with the re0og (this will also be explained in the next section):

$ git reset --hard HEAD@{1}   # restore from reflog before the change

To beonthesafeside,neverusereset --hard without%rstrunningstash. It will saveyou
manywhitehairslateron. If youdid runstash, youcannowuseit to recoveryourworkingtree
changes as well:

$ git stash                   # because it's always a good thing to do

$ git reset --hard HEAD~3     # go back in time

$ git reset --hard HEAD@{1}   # oops, that was a mistake, undo it!

$ git stash apply             # and bring back my working tree changes
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Last links in the chain: Stashing and the reflog

Until nowweÕvedescribedtwowaysin whichblobs%ndtheirwayinto Git: %rsttheyÕrecreated
in your index,both without a parenttreeandwithout an owningcommit;andthen theyÕre
committedinto therepository,wheretheyliveasleaveshangingo( of thetreeheldbythatcom-
mit.  But there are two other ways a blob can dwell in your repository.

&e %rstof theseis theGit re&og, akind of meta-repositorythat recordsÑ in theform of
commitsÑ everychangeyoumaketo yourrepository.&is meansthatwhenyoucreateatree
fromyourindexandstoreit underacommit(allof whichisdonebycommit), youarealsoinad-
vertently adding that commit to the re0og, which can be viewed using the following command:

$ git reflog

5f1bc85...  HEAD@{0}: commit (initial): Initial commit

&e beautyof there0ogisthat it persistsindependentlyof otherchangesin yourrepository.
&is meansI couldunlinktheabovecommitfrommyrepository(usingreset), yetit wouldstill
bereferencedbythere0ogfor another30days,protectingit fromgarbagecollection.&is gives
me a monthÕs chance to recover the commit should I discover I really need it.

&e otherplaceblobscanexist,albeitindirectly,isin yourworkingtreeitself. What I mean
is,sayyouÕvechangeda%lefoo.c butyouhavenÕtaddedthosechangesto theindexyet.Git may
not havecreatedablobfor you,but thosechangesdoexist,meaningthecontentexistsÑ it just
livesin your%lesysteminsteadof GitÕsrepository.&e %leevenhasits own5,.6 hashid, de-
spite the fact no real blob exists.  You can view it with this command:

$ git hash-object foo.c

<some hash id>

What doesthis do for you? Well, if you%ndyourselfhackingawayon yourworkingtree
and you reach the end of a long day, a good habit to get into is to stash away your changes:

$ git stash

&is takesallyourdirectoryÕscontentsÑ includingbothyourworkingtree,andthestateof
the indexÑ andcreatesblobsfor themin thegit repository,a treeto hold thoseblobs,anda
pairof stashcommitsto holdtheworkingtreeandindexandrecordthetimewhenyoudid the
stash.

&is isagoodpracticebecause,althoughthenextdayyouÕlljustpull yourchangesbackout
of thestashwith stash apply, youÕllhaveare0ogof allyourstashedchangesattheendof every
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day. HereÕswhatyouÕddo a'er comingbackto work the nextmorning(>3? herestandsfor
ÒWork in progressÓ):

$ git stash list

stash@{0}: WIP on master: 5f1bc85...  Initial commit

$ git reflog show stash # same output, plus the stash commit's hash id

2add13e...  stash@{0}: WIP on master: 5f1bc85...  Initial commit

$ git stash apply

Becauseyourstashedworkingtreeisstoredunderacommit,youcanworkwith it likeany
otherbranchÑ at anytime! &is meansyoucanviewthe log,seewhenyoustashedit, and
checkout any of your past working trees from the moment when you stashed them:

$ git stash list

stash@{0}: WIP on master: 73ab4c1...  Initial commit

...

stash@{32}: WIP on master: 5f1bc85...  Initial commit

$ git log stash@{32}                # when did I do it?

$ git show stash@{32}               # show me what I was working on

$ git checkout -b temp stash@{32}   # let’s see that old working tree!

&is lastcommandisparticularlypowerful:behold,IÕmnowplayingaroundin anuncom-
mittedworkingtreefromoveramonthago.I neverevenaddedthose%lesto theindex;I just
usedthesimpleexpedientof calling stash beforeloggingout eachday(providedyouactually
had changes in your working tree to stash), and used stash apply when I logged back in.

If youeverwantto cleanupyourstashlist Ñ sayto keeponlythelast30daysof activityÑ
donÕt use stash clear; use the reflog expire command instead:

$ git stash clear # DON'T!  You'll lose all that history

$ git reflog expire --expire=30.days refs/stash

<outputs the stash bundles that've been kept>

&e beautyof stash is that it letsyouapplyunobtrusiveversioncontrolto yourworking
processitself:namely,thevariousstagesof yourworkingtreefromdayto day.Youcanevenuse
stash on a regular basis if you like, with something like the following snapshot script:
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$ cat <<EOF > /usr/local/bin/git-snapshot

#!/bin/sh

git stash && git stash apply

EOF

$ chmod +x $_

$ git snapshot

&ereÕsno reasonyoucouldnÕtrun thisfromacron jobeveryhour,alongwith runningthe
reflog expire command every week or month.
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Conclusion

OvertheyearsIÕveusedmanyversioncontrolsystems,andmanybackupschemes.&ey allhave
facilitiesfor retrievingthepastcontentsof a%le.Mostof themhavewaysto showhowa%lehas
di(eredovertime. Manypermityouto gobackin time,beginadivergentlineof reasoning,and
thenlaterbringthesenewthoughtsbackto thepresent.Still fewero(er %ne-grainedcontrol
overthat process,allowingyouto collectyourthoughtshoweveryoufeelbestto presentyour
ideasto thepublic. Git letsyoudo all thesethings,andwith relativeeaseÑ onceyouunder-
stand its fundamentals.

ItÕsnot theonlysystemwith thiskindof power,nordoesit alwaysemploythebestinterface
to itsconcepts.What it doeshave,however,isasolidbaseto workfrom. In thefuture,I imag-
inemanynewmethodswill bedevisedto takeadvantageof the0exibilitiesGit allows.Most
othersystemshaveledmeto believetheyÕvereachedtheir conceptualplateauÑ that all else
fromnowwill beonlyaslowre%nementof whatIÕveseenbefore.Git givesmetheoppositeim-
pression,however.I feelweÕveonly begunto seethe potentialits deceptivelysimpledesign
promises.

THE END
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Further reading

If your interest to learn Git more has been piqued, please check out the following articles:

¥ A tour of Git: the basics
http://cworth.org/hgbook-git/tour/

¥ Manage source code using Git
http://www.ibm.com/developerworks/linux/library/l-git/

¥ A tutorial introduction to git
http://www.kernel.org/pub/so'ware/scm/git/docs/tutorial.html

¥ GitFaq Ñ GitWiki
http://git.or.cz/gitwiki/GitFaq

¥ A git core tutorial for developers
http://www.kernel.org/pub/so'ware/scm/git/docs/gitcore-tutorial.html

¥ git for the confused
http://www.gelato.unsw.edu.au/archives/git/0512/13748.html

¥ 'e 'ing About Git
http://tomayko.com/writings/the-thing-about-git

http://www.newartisans.com/"##)/#*/git-from-the-bottom-up.html © "##),"##$ John Wiegley

- +; -


