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by John Wiegley

In my pursuitto understandsit, itOdeenhelpfulfor meto understandt from the bottom
upN ratherthanlookatit onlyin termsofits high-levetommandsAnd sinceGit issobeauti-
fully simplevhenviewedhisway) thoughtothersmightbeinterestedo readwhatlOvéound,
and perhaps avoid the pain | went through %nding it.

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

&is documents providedunderthe termsof the CreativeaCommongAttribution-Sharé\like
3.0 United States License, which may be viewed at the following URL.:

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

In brief,youmayusethe contentsf thisdocumentor anypurposepersonaommercial
or otherwisesolongasattributionto theauthorismaintainedLikewisethedocumenimaybe
modi%edindderivativavorksandtranslationsnadeavailablesolongassuchmodi%cations
and derivations are o(ered to the public on equal terms as the original document.
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Introduction

Welcomeo theworldof Git. | hopethisdocumentvill helpto advancgourunderstandingf
thispowerfukontentrrackingsystemandreveahbit of the simplicityunderlyingt N howev-
er dizzying its array of options may seem from the outside.

Beforavedivein, thereareafewtermswhichshouldbementionedarstsincgheyOéippear
repeatedly throughout this text:

repository A repository is a collection cbmmitseach of which is an archive of
what the projectgorking treleoked like at a past date, whether on
your machine or someone else's. It also'g&®o(e=e below), which
identi%es the branch or commit the current working tree stemmed from.
Lastly, it contains a sdbrainchesndiagsto identify certain commits
by name.

the index Unlike other, similar tools you may have used, Git does not commit
changes directly from #harking tremto therepositorylnstead,
changes are %rst registered in somethinbedalded &ink of it as
a way of Ocon%rmingO 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 Ostaging areaO, instead of the index.

working tree A working tree is any directory on your %lesystem whickpestary
associated with it (typically indicated by the presence of a sub-directory
within it namedgit.). 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
commitOs parent. &is is what creates the notion of a Orevision historyO.

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. ItOs the parentage of a
commit which de%nes its history, and thus the typical notion of a
Obranch of developmentO.

tag A tag is also a name for a commit, similaraaahexcept 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 fasterO. Although this is a typical default, it is in no way special.

HEAD HEAD 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 aslatached !"#$and occurs, for example, if you
check out a tag name.

&e usuabDowofeventssthis:A'er creatin@repositoryyourworkisdonein theworking
tree. Onceyourwork reachea signi%camoint N the completiorof a bug,the endof the
workingday,amomentwheneverythingompiledN youaddyourchangesuccessivelythe
index. Oncetheindexcontaingeverythingouintendto commit,yourecordts contentin the
repository. HereOs a simple diagram that shows a typical projectOs life-cycle:

Earlier states of the working
tree may be checked out
from the repository at any
time using git-checkout

) Working
Repository Tree
. Changes to the working
Changes are committed to tree are registered in the
the repository from the index using git-add

state of the index using
git-commit

With this basigicturein mind', the followingsectionshallattemptto describéoweach
of these di(erent entities is important to the operation of Git.

1. In reality,a checkoutausesontentsfrom the repositoryto be copiedinto the index,whichis then
written out to the workingtree. But sincethe usemeverseeshis usagef the indexduringa checkout
operation, | felt it would make more sense not to depict it in the diagram.
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Repository: Directory content tracking

AsmentionedibovewhatGit doessquiterudimentaryit maintainsnapshotsf adirectoryOs
contents. Much of its internal design can be understood in terms of this basic task.

&e desigrof aGit repositoryn manywaysmirrorsthe structureof a1234 %lesysterA:
%lesystdmginswith a root directorywhichtypicallyconsist®f other directoriesmostof
whichhavdeafnodespr %leshat containdata. Meta-databoutthesé@solesfontentss stored
both in the directory(the names)andin the i-nodeshat referencéhe contentsof thoseY%le
(theirsizetype permissionsic). Each-nodehasauniquenumbethatidenti%ethe contents
of itsrelatedbole And whileyoumayhavananydirectoryentriegointingto aparticulai-node
(i.e., hard-links), itOs the i-node which OownsO the contents stored on your %lesystem.

Internally,Git shares strikinglysimilarstructurealbeitwith oneor two keydi(erences.
First,it representgour %le®sntentsn blobswhicharealsoleafnodesn somethingwfully
closdo adirectorycalledatree Justasani-nodeis uniquelyidenti%etby a system-assigned
numberablobisnamedycomputinghe5,.6 hashd of its sizeandcontents Forallintents
andpurposethisisjustanarbitrarynumberlike ani-node excepthat it hastwo additional
propertiesrstit veri%oethe blobGsontentswill neverchangeandsecondhe sameontents
shallalway®erepresentelly the samdvlob,no matterwherat appearscrossommitsacross
repositorieBl everacrosthewholelnternet. If multipletreegeferencéhe samévlob,thisis
justlike hard-linking the blobwill not disappedromyourrepositoryaslongasthereisatleast
one link remaining to it.

&e di(erencebetweera Git blob anda %lesysterg@ss that a blob storesio metadata
aboutits content. All suchinformationis keptin the treethat holdsthe blob. Onetreemay
knowthosecontentsasa %lenamedOfoothat wascreatedn August2004 whileanotheitree
mayknowthe sameontentsisa%leameddbarthat wascreatedoveearsater. In anormal
%lesystertwyo %lesvith the samecontentdbut with suchdi(erent metadatavouldalwaybe
representedstwo independertlesWhy this di(erence ?Mainly,itObecausa %lesysteis
designetb supportolethatchangeyherea&it isnot. &e factthatdataisimmutablen the
Git repositorys whatmakesll of thiswork andsoadi(erent desigrwasneeded. And asit
turnsout, this desigrallowsfor muchmorecompacstoragesinceall objectdhavingdentical
content can be shared, no matter where they are.
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Introducing the blob

Now thatthe basigicturehasbeerpainted|etOgetinto somepracticabxampled Ongoingto
startby creatinga samplésit repositoryandshowinghow Git worksfrom the bottomup in
that repository. Feel free to follow along as you read:

$ mkdir sample; cd sample
$ echo 'Hello, world!' > greeting

Here |Overeatedh new%lesystetirectorynamedOsample@ich containsa %lewvhose
contentsareprosaicallpredictable haven@vencreated repositoryet,but already can
startusingsomeof GitOsommands understanavhatitOgjoingto do. Firstof all,|Odike to
know which hash id Git is going to store my greeting text under:

$ git hash-object greeting
af5626b4alldabcb82d63db7c8082c3c4756e51b

If yourun thiscommananyoursystemyouOgetthesamérastid. EverthoughweOre-
atingtwo di(erent repositoriegpossiblya world apart,even)our greetinglob in thosetwo
repositoriewvill havethe saménashid. | couldevenpull commitsfrom yourrepositorynto
mine andGit wouldrealizehatweOteackinghesameontentN andsowouldonlystoreone
copy of it! Pretty cool.

&e nextstepisto initializea newrepositoryandcommitthe %lanto it. 1Ongoingto do
thisallin onestepright now,but thencomebackanddoit agairin stagesoyoucanseavhatOs
going on underneath:

$ git init

$ git add greeting

$ git commit -m "Added my greeting"

At thispoint our blobshouldbein the systenexactlyasweexpectedjsinghe hashd de-
terminedabove Asaconvenienc&it require®nlyasmanydigitsof thehashd 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! | haven@venookedat whichcommitholdsit, or whattreeitO@n, but based
solelyonthecontents wasableto assumigOthere andthereit is. It will alway$avethissame
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identi%emno matterhow longthe repositoryivesor wherethe %lewithin it is stored. &ese
particular contents are now veri%ably preserved, forever.

In thiswayaGit blobrepresenthiefundamentadataunit in Git. Reallythewholesystem
is about blob management.

Blobs are stored in trees

&e contentof your%lesarestoredn blobsput thoseblobsareprettyfeaturelesskey have
no name, no structure N theyOre just OblobsO, a'er all.

In orderfor Git to represenhe structureandnamingof your%lest attacheblobsasleaf
nodesvithin atree. Now, | can@iscovewhichtree(sabloblivesn justbylookingatit, since
it mayhavemanymanyowners But| knowit mustlivesomewhenithin thetreeheldbythe
commit | just made:

$ git ls-tree HEAD
100644 blob af5626b4alldabcb82d63db7c8082c3c4756e51b greeting

&ere it is! &is %rstommitaddedmy greetingsleo the repository.&is commitcon-
tains one Git tree, which has a single leaf: the greeting contentOs blob.

Althoughl canlookatthetreecontainingnyblobbypassing./  to ls-tree, | havenOt
yetseerheunderlyingreeobjectreferenceldy that commit. Hereareafewothercommands
to highlight that di(erence and thus discover my tree:

$ git rev-parse HEAD
588483b99a46342501d99e3f10630cfcl219ea32 # different on your system

$ git cat-file -t HEAD
commit

$ git cat-file commit HEAD

tree 0563f77d884e4f79ce95117e2d686d7d6€282887

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

Added my greeting

&e %rstommandlecodethe,-./ aliagnto thecommitit referencet)eseconderi%es
its type whilethethird commandghowshe hashd of the treeheldby that commit,aswellas
theotherinformationstoredn thecommitobject.&e hashid for thecommitisuniqueto my
repositoryN becausi includesny nameandthe datewhenl madethe commitN but the
hashid for the treeshouldoecommonrbetweelryourexampl@andmine,containingasit does
the same blob under the same name.
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LetOs verify that this is indeed the same tree object:

$ git ls-tree 056377
100644 blob af5626b4alldabcb82d63db7c8082c3c4756e51b greeting

&ere youhavat: myrepositorgontain@singlecommitwhichreferencestreethatholds
ablobN theblobcontaininghe contentd wantto record.&ereOsnemorecommand can
run to verify that this is indeed the case:

$ find .git/objects -type f | sort

.git/objects/05/63f77d884e4f79ce95117e2d686d7d6e282887
.git/objects/58/8483b99a46342501d99e3110630cfcl219ea32
.git/objects/af/5626b4alldabcb82d63db7c8082c3c4756e51b

Fromthisoutputl seghatthewholeof myrepocontainghreeobjectseactof whoséash
id hasappeareih the precedingxampled.etOmkeonelastiook at thetypeof thesebjects,
just to satisfy curiosity:

$ git cat-file -t 588483b99a46342501d99e3f10630cfcl219ea32
commit

$ git cat-file -t 0563f77d884e4179ce95117e2d686d7d6e282887
tree

$ git cat-file -t af5626b4all4abcb82d63db7c8082c3c4756e51b
blob

| couldhaveusedhe show commandt this point to viewthe concise€ontentof eachof
these objects, but |Oll leave that as an exercise to the reader.

How trees are made

Everycommitholdsa singleree but howaretreesmade ANe knowthat blobsarecreatedy
stu:ng the contentof your%lemto blobsN andthat treesownblobsN but wehaven®et
seen how the tree that holds the blob is made, or how that tree gets linked to its parent commit.

LetOstartwith a newsampleepositoryagainput this time by doingthingsmanuallyso
you can get a feeling for exactly whatOs happening under the hood:

$ rm -fr greeting .git

$ echo 'Hello, world!' > greeting

$ git init

$ git add greeting

It allstartavhenyou%rsadda%leo theindex.Fornow,letGsistsaythattheindexiswhat
youusego initially creatdlobsout of %lesWhenl addedhe %lgreeting, achang®ccurred
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in my repository.l canGteethis changesa commityet,but hereis onewayl cantell what
happened:

$ git log # this will fail, there are no commits!
fatal: bad default revision 'HEAD'

$ git ls-files --stage # 1list blob referenced by the index
100644 af5626b4all4abcb82d63db7c8082c3c4756e51b 0 greeting

WhatG#his? | haven@ommittedanythingio the repositoryet,but alreadyanobjecthas
comento being.It hashe saméiashd | startedhiswholebusineswith, sol knowit repre-
sentghe contentof my greeting %le.l couldusecat-file -t atthispointonthehashd,
andlOdeghatit wasablob. It is,in factthesamdlobl gotthe%rstimel createdhissample
repository&e sameslawill alwaysesultin the sameévlob (justin case haven@tressethat
enough).

&is blobisnQeferenceblyatreeyet,nor arethereanycommits.At themomenit isonly
referencefioma%laamed git/index, whichreferencabeblobsandtreeshatmakeupthe
current index. So now letOs 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 numbershouldookfamiliaraswell:atreecontaininghe sameélobs(andsub-trees)
will alway$avethe saménashd. | donGtaveacommitobjectyet,but nowthereis atreeob-
jectin that repositorywhichholdsthe blob. &e purposeof the low-levelrite-tree com-
mandis to takewhatevethe contentsof the indexareandtuck theminto a newtreefor the
purpose of creating a commit.

| canmanuallymakeanewcommitobjectoy usingthistreedirectlywhichisjustwhatthe
commit-tree cOmmand does:

$ echo "Initial commit" | git commit-tree 0563f77
5f1bc85745dcccce6121494fdd37658ch4ad441f

&e rawcomnit-tree commandakesatree(®smshid andmakesicommitobjecto holdit.
If I hadwantedthe committo haveaparent)] wouldhavehadto specifythe parentcommitOs
hashd explicitlyusinghe -p option. Also,noteherethatthehashd di(ersfromwhatwill ap-
pearon yoursystem&is isbecausaycommitobjectreferdo bothmynameandthe dateat
which | created the commit, and these two details will always be di(erent from yours.

Our workis not doneyet,though sincd haven@gisterethe commitasthe newheadof
the current branch:

$ echo 5f1bc85745dcccce6121494fdd37658cb4ad441f > .git/refs/heads/master
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&is commandellsGit thatthe branclhameOmastesboulchowreferto ourrecentom-
mit. Another, much safer way to do this is by using the agrunandf:

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

A'er creatingnaster, wemustassociateur workingtreewith it. Normallythis happens
for you whenever you check out a branch:

$ git symbolic-ref HEAD refs/heads/master

&is commandassociates/ symbolicallwith themastebranch.&is issigni%caie-
causeanyfuture commitsfrom the workingtreewill now automaticallypdatethe valueof
refs/heads/master.

tOdardto believatOshis simple put yes| cannow uselogto viewmy newlyminted
commit:

$ git log

commit 5f1lbc85745dcccce6121494fdd37658ch4ad441f
Author: John Wiegley <johnw@newartisans.com>
Date: Mon Apr 14 11:14:58 2008 -0400

Initial commit

A sidenote:if | hadnGtetrefs/heads/master to point to the newcommit,it wouldhave
beerconsidere@unreachabki@cenothingcurrentlyrefergo it norisit the parentof areach-
ablecommit. Whenthisisthe casethe commitobjectwill at somepoint beremovedromthe
repositoryalongwith its treeandall its blobs. (&is happensutomaticallypy a command
calledyc whichyourarelyneedo usemanually) Bylinkingthe committo anamewithin refs/
headsaswedid aboveit becomeareachableommitwhichensurethatitOgeptaroundrrom
now on.

The beauty of commits

Someversiorcontrol systemmakeObranches@ magicathings,0'en distinguishinghem
fromthe OmaitineCr Otrunk@hileothergdiscusthe concepasthoughit wereverydi(erent
from commits.Butin Git thereareno brancheasseparatentitiesthereareonlyblobsjrees
andcommitd Sinceacommitcanhaveoneor moreparentsandthosecommitscanhavepar-
entsthisiswhatallowsasinglecommitto betreatedike abranchbecausié 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-levelreferencedommitsat any time usingthe branch
command:

$ git branch -v
* master 5f1lbc85 Initial commit

Sayit with me:A branchsnothingmorethananamedeference acommit. In thisway,
brancheandtagsareidentical with the soleexceptiorthat tagscanhavetheir own descrip-
tions,just like the commitstheyreference Branchearejust namesbut tagsaredescriptive,
well, OtagsO.

Butthefactis,wedonQteallyneedo usealiaseatall. Forexampldf | wantedo, | could
referenceverythingn the repositoryusingonly the hashids of its commits. HereGmebeing
straight up loco and resetting the head of my working tree to a particular commit:

$ git reset --hard 5f1bc85

&e --hard optionsayso erasall changesurrentlyin my workingtree, whethertheyOve
beermregisteretbr acheckiror not (morewill besaidaboutthiscommandater). A safemway
to do the same thing is by usiagkout:

$ git checkout 5f1lbc85

&e di(erencehereisthat change@olegh myworkingtreearepreservedif | passhe - f
optionto checkout, it actsthe samen this casdo reset --hard, excepthat checkout only
everchangetheworkingtree whereaseset --hard changethecurrentoranch's-./  toref-
erence the speci%ed version of the tree.

Anotherjoyof thecommit-basesl/stensthatyoucanrephraseverthemostcomplicated
versiorcontrolterminologysinga singlevocabularyFor examplaf acommithasmultiple
parentsitOs OmergeommitON sincet mergednultiplecommitsinto one. Or, if acommit
hasmultiplechildrenjt represente ancestoof aObranch€c. But reallythereis no di(er-
enceébetweerthesahingsto Git: to it, theworldis simplyacollectiorof commitobjectseach
of whichholdsatreethat referencesthertreesandblobs which storeyourdata. 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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HEAD
triangles are tree
A objects , held by
circles are commit commits and
objects, which link to one other trees

or more parent commits

— back to their original : U u u

ancestor(s) — thus

ormno & sien” abjects , which aro

why the whole
system exists

every commit holds a
tree, and every tree
may contain any
number of other frees
and blobs in its leaves

0-0-0

A commit by any other name...

Understandingommitsis the keyto grokkingGit. YouOknow you havereachedhe Zen
plateawf branchingvisdomwhenyourmind containonlycommittopologiedeavindehind
the confusiorof branchesagslocalandremoterepositoriegtc. Hopefullysuchunderstand-

ingwill not requirdoppingo( yourarnt N althougH canappreciaté youOwmnsiderei by
now.

If commitsarethe keyhowyounamecommitdsthedoorwayo mastery&ere aremany,
manyway<o namecommitsrangesf commitsandeversomeof theobjecthieldbycommits,
whichareacceptely mostof the Git commandsHere Gssummaryf someof the morebasic
usages:

branchname Ashasheersaidbeforethenameof anybranchissimplyanalias
for themostrecencommiton that Obranch®is isthesames
using the word ,-./ whenever that branch is checked out.

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

HEAD

c82a22c39cbc32...

c82a22c

name”

name/A

name”2

name~10

name:path

name’{tree}

A tag-namaliagsidenticato abranchaliasn termsof naming
acommit. &e majordi(erencebetweethetwoisthattagalias-
esneverchangewhereabranchaliaseshangeachime anew
commit is checked in to that branch.

&e currentlycheckedut commitisalwaysalled-./.  If you

checloutaspeci%ammitN insteadfabrancthameN then

-1 refergo that commitonly andnotto anybranch Note

thatthis casés somewhagpeciakndis calledOusingdetached
,-.10 (10m sure thereOs a joke to be told hereE).

A commitmayalway®e referencedsingits full, 40-character
5,.6 hashd. Usuallythishappenduringcut-and-pastingince
therearetypicallyother,more convenientvaysto referto the
same commit.

Youonlyneeduseasmanydigitsof ahashid asareneededor a
uniquereferenceiithin the repository.Most of the time, sixor
seven digits is enough.

&e parenbfanycommitisreferencedsinghecaresymbol If
a commit has more than one parent, the %rst is used.

Caretamaybeappliedsuccessivelis aliasreferso Othepar-
ent of the parentO of the given commit name.

If acommithasmultipleparentgsuchasamergecommit),you
can refer to theh parent usingame~n.

A commitGsth ancestomaybereferencedsingatilde (~) fol-
lowedbytheordinalnumber.&is typeofusagescommorwith
rebase -i, for exampleto meanOshowne a bunchof recent
commitsO. &is is the sam@mag~ " ~»r,

To referencacertairlavithin acommit@ontentree specify
that %le@mmea'er acolon. &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

Youcanreferencgustthetreeheldbyacommit,ratherthanthe
commit itself.
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namel..name2 &is andthe followingaliasesdicatecommitangesvhichare
supremelysefulvith commandske 1og for seeingvhatQOsap-
pened during a particular span of time.

&e syntaxto thele' refersto all the commitsreachabl&om
name2 backto, but not including ,namel. If eithernamel or
name2 iS omitted, ,-./ is used in its place.

namel...name2 A Otriple-dot@ngds quite di(erent from the two-dotversion
above Forcommandbke log, it refergo allthe commitgefer-
encedynamel Or name2, but not byboth. &e resultisthena
list of all the uniqgue commits in both branches.

ForcommandBke diff, therangeexpresseadbetweermame?2
andthe commonancestopnf namel andname2. &is di(ers
from the 1og casen that changemtroducedoy namel arenot
shown.

master.. &is usagés equivalento @aster. .HEADO. IOnaddingit here,
eventhoughitO®eenimpliedabovebecausk usethis kind of
aliasconstantlywhen reviewingchangesnadeto the current

branch.

..master &is, to0o,is especiallysefula’er youOvonea fetch andyou
wantto seavhatchangelsaveoccurredinceyourlastrebase 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 Referso allcommitsvhoseommitmessageatchetheregular

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

--author=pattern Referso allcommitsvhoseuthormatcheghepattern.&e au-
thor ofacommitistheonewhocreatedhechangeis represents.
Forlocaldevelopmerthisis alwayshe sameasthe committer,
but whenpatchesrebeingsentby e-mail the authorandthe
committer usually di(er.
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--no-merges Refergo all commitsn the rangehat haveonly oneparentN
that is, it ignores all merge commits.

Mostof theseptionscanbemixed-and-matcheHereisanexamplahichshowshefol-
lowinglog entries:changesadeto the currentbranch(branchedrom master), by myself,
within the last month, which contain the text OfooO:

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

Branching and the power of rebase

One of GitOsnostcapableommand$r manipulating-ommitsis the innocently-nameck -

base command.Basicallyeverybranchyouwork from hasoneor moreObaseommitsQhe
commitsthat branchwasbornfrom. Takethe followingtypicalscenaridor example Note
thatthearrowgoint backin timebecauseaclcommitreferencats parent(s)put not its chil-
dren. &erefore, titieandz commits represent the heads of their respective branches:

A B C D
O+—0O:—0+—0+-"0

+—0O+—0--"0
W X Y Z

In this caserunningbranch wouldshowtwo Oheadsandz, with the commorparentof
both branches beimg&e output okhow-branch shows us just this information:

$ git branch

z
*D

$ git show-branch

' [Z] Z
* [D] D
(D] D
[D*] C
[D~2] B
[2] z
[z~°1 Y
[z~2] X
[Z~3] W
* [D~3] A

* ¥ X%

+ + + + +

Readinghis outputtakesalittle gettingusedo, but essentialigOso di(erentfromthedi-
agram above. HereOs what it tells us:
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¥ &e branchweOren experienceits %rstivergencat commita (alscknownascom-
mit D~3, andevere-~4 if youfeelsoinclined). &e syntaxommit~ isusedo referto
the parentof a commit, while commit~3 refersto its third parent,or great-
grandparent.

¥ Readingrom bottom to top, the %rstcolumn (the plus signs)showsa divergent
branch namedwith four commits, x, Y andz.

¥ &e secondolumn(the asterisksghowthe commitsvhichhappenednthe current
branch, namely three comrmjtsand.

¥ &e top of the output, separatetiom the bottom by a dividingline, identi%ethe
brancheslisplayedwhich columntheir commitsarelabelledoy, andthe character
used for the labeling.
&e actionweOlike to performisto bringtheworkingbranchz backup to speeavith the
main branch, In other words, we want to incorporate the wort &rcanc intoz.

In otherversiorcontrolsystemthis sortof thing canonlybedoneusinga Obranctmerge.
In fact,a branchmergecanstill bedonein Git, usingmerge, andremainseedfuin the case
wherez isapublishedranchandwedonQmantto alterits commithistory. Herearethe com-
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:

A C D
O<'—O<'—O<'—O<'—O

V\O<'—O<'—O

If wecheckedaut the z branchnow,it wouldcontainthe contentsf the previoug (now
referenceabbesz~), mergedwvith the contentsof 0. (&ough note:a realmergeoperation
would have required resolving any conQicts between the siades of

Z  Z'(z+D)

Althoughthe newz nowcontainghe changesomp, it alsancludegsnewcommitto rep-
resenthemergingf z with b: thecommitnowshowrasz’. &is commitdoesn@tdanything
newputrepresentiieworkdoneto bringo andz togetherin asens#Oa Ometa-commi®-
causés contentarerelatedo workdonesolelyn therepositoryandnot to newworkdonein
the working tree.
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&ere isawayhowevelto transplanthez branchstraighiontob, e(ectivelynovingt for-
ward in time: by using the powetidse command. HereOs the graph weOre aiming for:

A B C D
O+—0+—0+—-0+-"10

\O<—O<—O<—O
woox Yz

&is stateof a(airsmostdirectlyrepresentshatweOike done for ourlocal development
brancte to bebasednthelatestorkin themainbrancip. &atOsvhythecommandscalled
Orebasbérause changethebaseommitof thebranchitOsun from. If yourunit repeatedly,
you cancarryforwarda setof patchesnde%nitehglwaystayingup-to-datewith the main
branchbutwithoutaddingunnecessanyergeommitdo yourdevelopmertiranch. 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 Becauseverytime you rebaseyouQrpotentially
changingeverycommitin the branch. Earlierwhenw wasbasean A, it containednly the
changereededo transforma into w. A'er runningrebase, howeverny will berewrittento
containthe changerecessaty transfornp into w’. Eventhe transformatioriromw to x is
changedyecausew+x isnowp+w’+x’ N andsoon. If thiswereabranchwhosehangeare
seenby other peopleand any of your downstreantonsumerfad createdheir own local
branches o( & their branches would now point to the, oldt the new .

Generallythe followingrule of thumbcanbeusedUserebase if youhavealocalbranch
with no otherbranchethat haveébranchea( fromit, andusenerge for all othercasesnerge
is also useful when youOre ready to pull your local branchOs changes back into the main branch.

Interactive rebasing

Whenrebase wagun aboveit automaticallyewroteallthecommitdromW to Z in orderto
rebastheZ branchontotheD commit(i.e. theheaccommitoftheD branch).Youcanhow-
everfakecompleteontroloverhowthis rewritingis done. If yousupplythe -i optionto re-

4. Notethattherearevalidreasonfr not doingthis,andusingnergenstead &e choicadependsnyour
situation. One downsideo rebasingds that evenif the rebasedvorkingtree compilesthereis no
guarantethattheintermediateommitompileanymoraincaheywereneveicompiledn their newly
rebased state. If historical validity matters to you, prefer merging.

_;9_
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base, it will popyouinto aneditingbu(er whereyoucanchoosevhatshouldoedonefor every
commit in the localbranch:

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

squash A squashed commit will have its contents OfoldedO 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 bepack in order tequash), you would end up with a zew
branch containing only one commit on top Bseful if you have
changes spread over multiple commits, but youQd like the history rewritten
to show them all as a single commit.

edit If you mark a commitedst, the rebasing process will stop at that commit
and leave you at the shell with the current working tree set to reOect that
commit. &e index will have all the commitOs changes registered for inclu-
sion when you ruammit. 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 conOicts if any of the later commits in the
branch depended on those changes.

&e powerof thiscommands hardto appreciatat %rsthutit grants/ouvirtuallyunlimit-
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 brasmdb any other commit in the repository

¥ Modify a single commit, to amend a change long a'er the fact.

_;)_
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| recommendeadinghe manpagedor rebase at this point, asit containsseveragood
examplelsowthetrue powerof thisbeasmaybeunleashedTo giveyouonelasttasteof how
potentatool thisis,considethefollowingscenariandwhatyouOdoif onedayyouwantedo
migrate the secondary branichbecome the new head of

A B C D
O+—"0:"0O0——C0O+-0

OO 00
W X Y Z
+—QO<+—"C0-—"=0
I J K L

&e picturereadswehaveour main-lineof developmenb, whichthreecommitsagowas
branchedo beginspeculativédevelopmeran z. At someoointin the middleof all this,back
whenc andx werethe head®f theirrespectiveranchesyedecidedo beginanotheispecula-
tion which %nallyproduced.. Now weOvieund that LOsodeis good but not quite good
enougho mergédackoverto themain-linesowedecidéo movethosechangesverto thede-
velopmenbranchez, makingt lookasthoughweOdonethemallononebrancha'er all. Oh,
andwhileweOm it, wewantto editJ realquickto changéhe copyrightlate sincaveforgotit
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 conQicts emerge, | now have this repository:

A B C D

O+——C0s—0+—0+-"0
V\C)<'—O<'—O<'—O
w X Y ZV\Q<—Q<—Q<—Q
B+CH+) I J K' L'

Asyoucanseewhenit comedo localdevelopmentgbasingives/ouunlimitedcontrol
over how your commits appear in the repository.
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The Index: Meet the middle man

Betweenourdata®lesyhicharestorednthe %lesystersmdyourGit blobswhicharestored
in therepositorytherestandeisomewhaitrangentity :the Git index. Partof whatmakeshis
beashardto understanisthatitOgotaratherunfortunatename.ltOsnindexin thesenséhat
it referdo the setof newlycreatedreesandblobswhichyoucreatedy runningadd. &ese
newobjectsvill soongetboundinto anewtreefor the purpos@f committingto yourreposito-
ry N but until then,theyareonlyreferencetlytheindex. &at meanshatif youunregistea
changéromtheindexwith reset, youO#ndup with anorphanedlobthat will getdeletedht
some point at the future.

&e indexisreallyjustastagingredor yournextcommitandthere@syoodreasonvhyit

existsit supportsa modelof developmerthat maybeforeignto userof <=5 or Subversion,
but which is all too familiar to Darcs users: the ability to build up your next commit in stages.

NEW HEAD
O The stae of theindex beacomes
V\

the tree of the next commit

Working tree

Hles, directories and "hunks" (individual
changes within &ile) ae added b the index
usinggit-add andgit-add --patch

First,letmesaythatthereisawayto ignoretheindexalmosentirely by passinthe -a Oag
to commit. LookatthewaySubversioworksfor exampleWhenyoutypesvn status, what
youO#edsalist of actiongo beappliedo yourrepositorpnthenextcallto svn commit. In a
wayhis Olisbf nextactions@akind of informalindex determinedy comparinghe stateof
yourworkingtreewith thestateof ,-./.  If the%lefoo. c hasheerchangednyournextcom-
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mit thosechangewill besavedIf anunknown%lénasaquestiormarknextto it, it will beig-
nored; but a new %le which has been added wadthwill get added to the repository.

&is isno di(erent from whathappend youusecommit -a: new,unknown%lesreig-
nored,but new%lesvhichhavebeenaddedwith add areaddedo the repositoryasareany
changeto existingles&is interactionis nearlyidenticalwith the Subversiowayof doing
things.

&e realdi(erencesthatin the SubversionaseyourOlisbf nextactions@ alwaysleter-
minedbylookingatthe currentworkingtree. In Git, the Olisbf nextactions@the contentsof
theindexwhichrepresentshatwill becoméhenextstateof ,-./, andthatyoucanmanipu-
latedirectlybeforeexecutingomnit. &is givegouanextralayerof controloverwhatGgoing
to happen, by allowing you to stage those changes in advance.

If thisisnOtlearyet,considethe followingexampleyou havea trusty sourceéblefoo. c,
andyouOveadeawo setof unrelate¢hange® it. WhatyouQiketo doisto teas@parthese
changeto two di(erentcommitseachwith its owndescription HereGsowyoulOdo thisin
Subversion:

$ svn diff foo.c > foo.patch
$ vi foo.patch
<edit foo.patch, keeping the changes I want to commit later>

$ patch -pl -R < foo.patch # remove the second set of changes
$ svn commit -m "First commit message"
$ patch -pl < foo.patch # re-apply the remaining changes

$ svn commit -m "Second commit message"

Sounddike fun? Now repeathat manytimesoverfor acomplexdynamicetof changes.
HereOs 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"

WhatOmore,it getseveneasier! If you like Emacsthe superlativéool gitsum.el®, by
ChristianNeukirchanputsabeautifufaceonthispotentiallytediougprocessd. recenthyusedt
to tease apart 11 separate commits from a set of conOated changes. &ank you, Christian!

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

LetOseethe indexEWith it youcanpre-staga setof changeshusiterativelybuildingup a
patch before committing it to the repository. Now, where have | heard that concept beforeE

If youOrthinking OQuilt!Groulrexactlyright. In fact,the indexis little di(erent from
Quilt®, it just adds the restriction of allowing only one patch to be constructed at a time.

But whatif, insteadf two setsof changewithin foo.c, | hadfour? With plainGit, 1Od
haveo teaseacloneout,commitit, andthenteas®utthenext. &is ismadenucheasieus-
ingtheindex putwhatif I wantedo testthosechangeis variousombinatiorwith eaclother
beforecheckinghemin? &at is,if | labelledhe patche#\, B, C andD, whatif | wantedo
testA + B,thenA + C, thenA + D, etc.,beforedecidingf anyof the changeweretruly
complete?

&ere isnomechanisnm Git itselfthatallows/outo mixandmatchparallesetof changes
ontheQy. Suremultiplebranchesanlet youdo paralletlevelopmengndthe indexletsyou
stagenultiplechangeisito aseriesf commitsbut youcan(@to bothatonce stagingiseriesf
patchesvhileatthe sameaime selectivelgnablingainddisablinggomeof them to verifythein-
tegrity of the patches in concert before %nally committing them.

WhatyouOdeedo do somethindjke thisis anindexwhichallowsfor greatedepththan
one commit at a time. &is is exactly what Stackptb@iles.

HereOs how 10d 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 worksgreatput | canGtelectivelglisabléhe %rstommitin orderto testthe second
one alone. To do that, 10d 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 | canqueueaup both patcheandthenre-ap-
ply themin whateveorder! like, for independenbr combinedesting etc. HereCGsow 1Od
gueue the same two patches from the previous examjlg, using

stg new patchl

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

R I i 2~

Now if | wantto selectivelglisablethe %rstpatchto test only the secondijtOsvery
straightforward:

$ stg applied

patchl

patch2

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

$ stg pop patchl

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

$ stg pop patch2

$ stg push patchl

<... do tests using only patchl ...>

$ stg push -a

$ stg commit -a # commit all the patches

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

Oneofthemoredi:cult command® mastem Git is reset, whichseemto bitepeoplenore

o'en thanothercommandsWhichisunderstandablgivingthatit haghepotentiako change
both yourworkingtreeandyourcurrent,-./  referenceSol thoughtaquickreviewof this

command would be useful.

Basically,eset isareferenceditor,anindexeditor,andaworkingtreeeditor. &is ispart-
ly whatmakest soconfusingbecausgOsapabl®f doingsomanyjobs. LetOsxaminghe
di(erence between these three modes, and how they %t into the Git commit model.

Doing a mixed reset

If youusethe - -mixed option(or no optionatall,asthisisthedefault) reset will revertparts
of yourindexalongwith your,-./  referenct matchthegivencommit. &e maindi(erence
from--soft is that -soft only changes the meaning of ,-./ and doesnOt 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, thisisthesameassimplychangingour,-./  reference
to adi(erentcommit. Yourworkingtreechangearele' untouched&is meanshefollowing
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 both caseyourworkingtreenowsitsontop of anolder,-./, soyoushouldseanore
changes yourun status. [tOsiot thatyour%lehavebeenchangedsimplythat theyarenow
beingcompare@dgainsanolderversion.It cangiveyouachanceo createa newcommitin
placeof theold one. In fact,if the commityouwantto changesthe mostrecenonechecked
in, youcanusecommit --amend to addyourlatesichanget the lastcommitasif youOdone
them together.

But pleaseote:if youhavedownstrearnonsumersndtheyOwidonework on top of your
previouhiead\ theoneyouthrewawayN changing-./ likethiswill forceamergeo hap-



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

penautomaticallg’er theirnextpull. Belowiswhatyourtreewouldlooklikea'er aso’ reset
and a new commit:

HEAD?

O+—"—0+—"0-—"~0+-—=0

new HEAD

old HEAD (in refRog for 30 more days)

And here@ghatyourconsumerBEAD wouldlooklikea'er theypulledagainwith colors
to show how the various commits match up:

new merged HEAD

O—0+—0- 0§<::7©

their previous HEAD

Doing a hard reset

A hardresefthe - -hard option)hasthe potentialbof beingverydangeroussitOableto dotwo
di(erentthingsatonce First,if youdo ahardresetagainsyourcurrent,-./, it will erasall
changes in your working tree, so that your current %les match the contents of ,-./.

&ere isalscanothercommandgheckout, whichoperategistlike reset --hard if thein-
dex is empty. Otherwise, it forces your working tree to match the index.

Now, if youdo ahardresefigainsanearliecommit,itOshe sames%rstioingaso' reset
andthenusingreset --hard to resetyourworkingtree. &us, the followingcommandsre
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

AsyoucanseedoingahardresetanbeverydestructiveFortunatelythereisasafekvayto
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!
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&is approacthastwo distinctadvantages youOraot surewhetheryou reallywantto
modify the current branch just now:

1. It savegourworkin the stashwhichyoucancomebackto atanytime. Notethat
the stashs not branchspeci%sgpyoucouldpotentiallystashhe stateof yourtree
while on one branch, and later apply the di(erences to another.

2. It revertyourworkingtreebackto apaststateput on anewbranchsoif youde-
cideto commityourchangesgainsthe paststateyouwonChavealtered/ourorig-
inal branch.

If youdo makechangeto new-branch andthendecideyouwantit to becomeournew
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:althoughyoucando majorsurgeryn yourcurrentbranchusing
reset --soft andreset --hard (whichchangethe workingtreetoo), whywouldyouwant
to? Git makesvorkingwith branchesoeasyndcheapitOsimostlwaysvorthit to doyour
destructivenodi%catiorm abranchandthenmovethat branchoverto takethe placeof your
old master. It has an almost Sith-like appeal to itE

And whatif youdo accidentallyun reset --hard, losingnot only yourcurrentchanges
but alsoremovingommitsrom yourmastebranch\ell, unlesyouOwgotteninto the habit
of usingstash to takesnapshot&eaextsection)there@mthingyoucando to recoveyour
lostworkingtree. Butyoucanrestorgyourbrancho its previoustatebyagairusingreset - -
hard with the reOog (this will also be explained in the next section):

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

To beonthesafesidenevelusereset --hard without%rstunningstash. It will saveou
manywhitehairdateron. If youdidrun stash, youcannowuset to recoveyourworkingtree
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 nowweOwescribetivo waysn whichblobs¥naheirwayinto Git: %rstheyOrreated
in yourindex,both without a parenttreeand without an owningcommit;andthen theyOre
committednto therepositorywhergheyliveadeavebanging( of thetreeheldbythatcom-
mit. But there are two other ways a blob can dwell in your repository.

&e %rsof thesds the Git re&ogakind of meta-repositojat records\ in the form of
commitsN everychanggoumaketo yourrepository&is meanshatwhenyoucreatatree
fromyourindexandstoret underacommit(all of whichisdoneby commit), youarealsanad-
vertently adding that commit to the reOog, which can be viewed using the following command:

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

&e beautyfthereOogsthatit persistsrxdependentlgf otherchangeis yourrepository.
&is means couldunlinktheaboveommitfrom myrepositoryusingreset), yetit wouldstill
bereferenceldythereOogor anotheB0daysprotectingt fromgarbageollection.&is gives
me a monthOs chance to recover the commit should | discover | really need it.

&e otherplaceblobscanexistalbeitindirectlyjsin yourworkingtreeitself. Whatl mean
is,sayouOwhanged %lefoo .. c butyouhaven@idedhosechanget® theindexyet. Git may
not havecreatedblobfor you,but thosechangedo existmeaninghe contentexistdN it just
livesin your%lesysteimsteadf GitOsepository.&e %leverhasits own5,.6 hashd, de-
spite the fact no real blob exists. You can view it with this command:

$ git hash-object foo.c
<some hash id>

What doeghis do for you? Well, if you%ndyourselhackingawayon 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 takesllyourdirectory@sntentN includingbothyourworkingtree andthe stateof
theindexN andcreateslobsfor themin the git repositoryatreeto hold thoseblobs anda
pairof stastcommitgo holdtheworkingtreeandindexandrecordhetimewhenyoudid the
stash.

&is isagoodpracticdbecausajthougrthe nextdayyouOjustpull yourchangelsackout
ofthestastwith stash apply, youOHaveareOof allyourstashedhangesattheendof every
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day. HereOGshatyouOdo a'er comingbackto work the nextmorning(>3? herestandgor
OWork in progressO):

$ git stash list
stash@{0}: WIP on master: 5flbc85... Initial commit

$ git reflog show stash # same output, plus the stash commit's hash id
2add13e... stash@{0}: WIP on master: 5flbc85... Initial commit

$ git stash apply

Becausgourstasheavorkingtreeis storedunderacommit,youcanworkwith it like any
otherbranchN atanytime! &is meangoucanviewthe log,seevhenyoustashed, and
checkout any of your past working trees from the moment when you stashed them:

$ git stash list

stash@{0}: WIP on master: 73ab4cl... Initial commit

stash@{32}: WIP on master: 5f1lbc85... 1Initial 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 lastcommands particularlypowerful behold)Omnow playingaroundin anuncom-
mittedworkingtreefrom overamonthago.| nevereveraddedhoseXleso theindex;l just
usedhesimpleexpedientf calling stash befordoggingout eactday(providedyouactually
had changes in your working tree to stash), andsisepply when | logged back in.

If youevewantto clearupyourstashistN sayto keeponlythelast30 dayf activityN
donOt useash clear; use theeflog 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 isthat it letsyouapplyunobtrusiverersioncontrolto yourworking
procestself:namelythevarioustagesf yourworkingtreefrom dayto day. Youcaneveruse
stash on a regular basis if you like, with something like the falkpafiag script:
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$ cat <<EOF > /usr/local/bin/git-snapshot
#!/bin/sh

git stash && git stash apply

EOF

$ chmod +x $_

$ git snapshot

&ereOso reasotyoucouldn@un thisfromacron job everyhour,alongwith runningthe
reflog expire command every week or month.
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Conclusion

Overtheyear$Ovasednanyversiorcontrolsystemsndmanybackugschemeskey allhave
facilitiedor retrievinghe pastcontentof a%le Mostof themhavevayg4o showhowa%léas
di(eredovertime. Manypermityouto gobackin time,begiradivergenline of reasoninggnd
thenlaterbringthesenewthoughtsackto the present.Still fewero(er %ne-grainexbntrol
overthat processllowingyouto collectyourthoughtshoweveyoufeelbestto presenyour
ideago the public. Git letsyoudo all thesethings andwith relativeeasél onceyouunder-
stand its fundamentals.

tOsi0t the only systemvith thiskind of powernor doest alwaysmploythebesinterface
to its conceptsWhatit doehavehoweveiisasolidbasd¢o workfrom. In thefuture,l imag-
ine manynewmethodswill bedevisedo takeadvantagef the OexibilitiesGit allows. Most
othersystembaveledmeto believeheyOweachedheir conceptuagplateaN that all else
fromnowwill beonlyaslowre%nemenf whatlOveeerbefore. Git givesnethe oppositém-
pressionhowever.| feelweOvenly begurnto seethe potentialits deceptivelgimpledesign
promises.
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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/I-git/

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

¥ GitFaq N 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 'iIng About Git
http://tomayko.com/writings/the-thing-about-git



