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Version Control Data recorded by VCS

Developers use VCS to make changes to code (in parallel)

Traces Left by VCS

Code Before Code After
//print n integers iff n> 0
INt I = n; Int I = n;
while (i——) while (——i > 0)
printf (" %d", i); printf (" %d", i);
one line deleted two lines added two lines unchanged

e date: 2024-09-18 11:25:30,
e developer id: minghui,
e branch: master, Comment: \Fix bug 3987 - infinite loop if n<=0"
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Snapshot

e Git models the history of a collection of files and folders within some top-level directory

as a series of snapshots. (Git FEANTNR BRFIIEMERESHHEEERA—RIRE.)

e In Git terminology, a file is called a "blob” , and it’s just a bunch of bytes. A directory is

called a “tree” , and it maps names to blobs or trees (so directories can contain other
directories).

e A snapshot is the top-level tree that is being tracked. (kB2 RI=HI TR HE.) For example,
we might have a tree as follows:

<root> (tree)

|

+- foo (tree)

1

i | + bar.txt (blob, contents = "hello world")
N

. +- baz.txt (blob, contents = "git is wonderful")

The top-level tree contains two elements, a tree “foo” (that itself contains one

element, a blob “bar.txt”), and a blob “baz.txt”. Thanks to: https:/missing.csail.mit.edu/2020/version-control/


https://missing.csail.mit.edu/2020/version-control/

Modeling history: relating snapshots
(B— P commit—4 snapshot)

How should a version control system relate snapshots? One simple model would be to have
a linear history. A history would be a list of snapshots in time-order. For many reasons, Git
doesn’t use a simple model like this.

In Git, a history is a directed acyclic graph (DAG, BRIFIAE]) of snapshots. This means that
each snapshot in Git refers to a set of "“parents” |, the snapshots that preceded it. It’s a set
of parents rather than a single parent (as would be the case in a linear history) because a
snapshot might descend from multiple parents, for example, due to combining (merging) two
parallel branches of development.

0 <—— 0 <—— 0 <-— o0
A

Git calls these snapshots “commit”s:
\

== @ &= @

The arrows point to the parent of each commit (it’'s a “comes before” relation, not

“comes after” ). After the third commit, the history branches into two separate branches.
This might correspond to, for example, two separate features being developed in parallel,
independently from each other. In the future, these branches may be merged to create a
new snapshot that incorporates both of the features, producing a new history.



Data model

e // a file is a bunch of bytes (£{4H)
type blob = array<byte>

e // a directory contains named files and directories (hash®)
type tree = map<string, tree | blob>

e // a commit has parents, metadata, and the top-level tree

type commit = struct {

) <root> (tree)
parents: array<comm|t> |

+- foo (tree)

||
message: string | + bar.txt (blob, contents = "hello world")

+- baz.txt (blob, contents = "git is wonderful")

author: string

snapshot: tree




Objects and content-addressing
(& Git HiREFMP, FIEYREBETHE SHA-1 IRFBRITREIIL)

e An "object” is a blob, tree, or commit:

type object = blob | tree | commit

e In Git data store, all objects are content-addressed(IREF3E) by their SHA-1 hash.

- . . < t> tr
objects = map<string, object> SR (SR
[ foo (tree)
I |

def store(object): ¢\ bar.txt (blob, contents = "hello world")

id = shal(object)
objects[id] = object

|
|
[
[
| +- baz.txt (blob, contents = "git is wonderful")

100644 blob 4448adbfT7ecd394f42ael35bbeed9676e894af85 baz.txt
<o Temelialeh 2 | 940000 tree c68d233a33c5c06e0340e4c224f0afcag7c8ce87  foo

return objects[id]

1 b
e Blobs, trees, and commits are unified in this way: they are all objects. When they reference other
objects, they don’t actually contain them in their on-disk representation, but have a reference to

them by their hash.

e For example, the tree for the example directory structure above (visualized using git cat-file -p
698281Dbc...), looks like above (right).

e The tree itself contains pointers to its contents, baz.txt (a blob) and foo (a tree). If we look at the
contents addressed by the hash corresponding to baz.txt with git cat-file -p 4448adbf7..., we get
the content of the file.



references = map<string, string>

def update_reference(name, -d):
references[name] = -+id

def read_reference(name):

- * return references|[name]
e e r e n C e S L * n Ij‘ def load_reference(name_or_id):
if name_or_id in references:

return load(references[name_or_-id])
else:
return load(name_or_-id)

e All snapshots can be identified by their SHA-1 hashes. That's inconvenient, because
humans aren’t good at remembering strings of 40 hexadecimal characters (16 HI=F).

e Git's solution to this problem is human-readable names for SHA-1 hashes, called
“references” . References are pointers to commits. Unlike objects, which are
immutable, references are mutable (can be updated to point to a new commit). For
example, the master reference usually points to the latest commit in the main branch of
development.

e With this, Git can use human-readable names like "master” to refer to a particular
snapshot in the history, instead of a long hexadecimal string.

e One detail is that we often want a notion of “where we currently are” in the history, so
that when we take a new snapshot, we know what it is relative to (how we set the
parents field of the commit). In Git, that "where we currently are” is a special
reference called "HEAD" .



Repository: (XIB € E

e A Git repository is the data objects and references.

e On disk, all Git stores are objects and references: that’s all there is to Git’s data model.
All git commands map to some manipulation of the commit DAG by adding objects and
adding/updating references.

e Whenever you’re typing in any command, think about what manipulation the command is
making to the underlying graph data structure. Conversely, if you’re trying to make a
particular kind of change to the commit DAG, e.g. “discard uncommitted changes and
make the ‘master’ ref point to commit 5d83f9e”, there’s probably a command to do it (e.g.
in this case, git checkout master; git reset --hard 5d83f9e).



Git}X RN =T

o Git XHB=MIRE: BIRAR (committed) . BfEK (modified) 1 B&EF (staged) .
o DENEZERENTXMH, BERRRFIAHEEF. XEKREBZXHHNRESEEZAERRRSTHREET

o EEFFRTT—INEBMEHNIRRAMTIRS, FZEZIETRERWRES. EXMRET, I8
VWEREEBE R, MU T —EMEEXHBRIRZRE.
o ERXRTHMECLLEMREFENBEEES. LTRRM R LAKHEIXZIEE repo (4140

GitHub ) BRI,
Working Staging
Directory Area
Checkout the project

.git directory
(Repository)

comit g
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o lHNIBGIt IBHEB=1MER: TEFX. EFXLE Git BR.

o T{EX: FHBEF, BRT .gitHBRUIFEEHIIER.
o HFKX: .gitHRTHindexXf, RET MRXBERZHNNHIIRER.

o Git BEBR: gitHR. Git ARFARFIEAITEENNRYEENLS. X2 Git PREZRIED,
MNEEITE lcloneGER, SHIMMEXEREIE.

H

ER

checkout -- <file>

rm --cached)X<

TEITOIL -

checkout HEAD <file>




Git T{ERIE

o EAM Git TERBUT:

o ETEX B LI,
o BIREETREXRNEMNEEMILER, XERSBEEXNNZBDHRNEETFX. (e.g., git add abc.md)
o BRXEH, KAFFXHINXM, Bsnapshot’k AMFEERI Git HR. (e.g., git commit)

o IR Git HRPRFEFERANXME, BMET BRI KT,
o MRNHERUAMNEEX, MET EEF RKE.
o MNREBE LR H/checkoutfm, MTIEXEXRRENIEFXE, #ME BEH RE.
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Basics

e git help <command>: get help for a git command

e REZTGitZlE, EMNF—HEMREREAFITHML. B—IGCREXBLEAXEER, ENSBEAIMRNE—RERP. NMREMATglobal &I, BBAZBSRFEIET
—R, ZERFREZRAS LBEATERBGIt MEERBLEEE. é’l{ MR M EREERARNAR SRS ER 4t ik fg TLXT%BAIﬁEE%'F =1TIREB --global TS KEE .

e git config --global user.name “minghui"

e git config --global user.email zhmh@example.com

e gitinit: creates a new git repo, with data stored in the .git directory
e git status: tells you what’s going on

e git add <filename>: adds files to staging area

e git commit: creates a new commit

e Write good commit messages! https://tbaggery.com/2008/04/19/a-note-about-git-commit-messages.html

e Even more reasons to write good commit messages! https://cbhea.ms/qgit-commit/

e gitlog: shows a flattened log of history

e gitlog --all --graph --decorate: visualizes history as a DAG

e git diff <filename>: show changes you made relative to the staging area

e gitdiff HEAD <filename>:

e git diff <revision> <filename>: shows differences in a file between snapshots

e git cat-file —p (or —t or -s) <commit-hash>: show the content/type/size of the object

e it checkout <revision>: updates HEAD and current branch


mailto:johndoe@example.com
https://tbaggery.com/2008/04/19/a-note-about-git-commit-messages.html
https://tbaggery.com/2008/04/19/a-note-about-git-commit-messages.html
https://chris.beams.io/posts/git-commit/
https://cbea.ms/git-commit/

Basics +

e git clone git://git.kernel.org/pub/scm/git/git.qgit

e git clone git@github.com:osslab-pku/OSSDevelopment.qgit
e git checkout -b branchname

e git remote

e git push

e git fetch & git pull
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rm hed)X <

checkout HEAD <file>

y W

BEFEMATIER, AMARARE, FERAESIReA index" NXIEEZX (stage/index) , #me/ "master” fIE master 532Fr
FNERN,

B eI LAEHIET "HEAD" SERRE1ER master 37—, BRI SRHIL HEAD B3t/ o] LA master ki,
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LHTRASIZ(E (git commit) B, BEXNESNEERARE (R5E) F, master S HIENAERT, B master 5B BRI
SEIRTHEFRNE RN,

LT git reset HEAD T, BEEXNERWEAHES, # master STSENERWER, B2 TERTZSME,
LT git rm --cached <file> H{HT, SEBMWERFXMIRUS, THERUIAMHEES,

LHFT git checkout . TF git checkout -- <file> (ST, SREEEXEIMISENUFER TIERNSUS, X MNEERGE
i, SER TEXPRFNEEFX PN,

LH4T git checkout HEAD . & git checkout HEAD <file> #p<HY, &F8 HEAD f5ER master 5537 hiSERaiE oS
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The Linux Kernel Archives

-

Nd

About Contact us FAQ Releases Signatures Site news

Protocol  Location

HTTP https://www.kernel.org/pub/ Latest Release

GIT https://qgit.kernel.org/ 6 5 4 @

RSYNC rsync://rsync.kernel.org/pub/ | )
mainline:  6.6-rc2 2023-09-17 [tarball] [patch] [inc. patch] [view diff] [browse]
stable: 6.5.4 2023-09-19 [tarball] [pgp] [patch] [inc. patch] [view diff] [browse] [changelog]
stable: 6.4.16 [EOL] 2023-09-13 [tarball] [pgp] [patch] [inc. patch] [view diff] [browse] [changelog]
longterm: 6.1.54 2023-09-19 [tarball] [pgp] [patch] [inc. patch] [view diff] [browse] [changelog]
longterm: 5.15.132 2023-09-19 [tarball] [pgp] [patch] [inc. patch] [view diff] [browse] [changelog]
longterm: 5.10.195 2023-09-19 [tarball] [pgp] [patch] [inc. patch] [view diff] [browse] [changelog]
longterm: 5.4.256 2023-09-02 [tarball] [pgp] [patch] [inc. patch] [view diff] [browse] [changelog]
longterm: 4.19.294 2023-09-02 [tarball] [pgp] [patch] [inc. patch] [view diff] [browse] [changelog]
longterm: 4.14.325 2023-09-02 [tarball] [pgp] [patch] [inc. patch] [view diff] [browse] [changelog]
linux-next: next-20230919 2023-09-19 [browse]
Other resources Social
Git Trees Documentation Kernel Mailing Lists Site Atom feed
Patchwork Wikis Bugzilla Releases Atom Feed
Mirrors Linux.com Linux Foundation Kernel Planet

This site is operated by the Linux Kernel Organization, Inc., a 501(c)3 nonprofit corporation, with support from the following sponsors.
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where flow (width) represents the number
of Source Lines of Code per directory.



Linux kernel ;B8 &8

e https://en.wikipedia.org/wiki/Linux_kernel#Source_code_management
e Source code management|edit]

e The Linux development community uses Git to manage the source code. Git users clone
the latest version of Torvalds' tree with git-clone (1) 219 and keep it up to date
using git-pull (1) .[2201221]1 Contributions are submitted as patches, in the form of text

messages on the LKML (and often also on other mailing lists dedicated to particular
subsystems). The patches must conform to a set of rules and to a formal language that,
among other things, describes which lines of code are to be deleted and what others
are to be added to the specified files. These patches can be automatically processed so
that system administrators can apply them in order to make just some changes to the
code or to incrementally upgrade to the next version.[222l Linux is distributed also

in GNU zip (gzip) and bzip2 formats.



https://en.wikipedia.org/w/index.php?title=Linux_kernel&action=edit&section=19
https://en.wikipedia.org/wiki/Git
https://en.wikipedia.org/wiki/Source_code
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