' Update Conference
Krakow 2026

Git under the hood

demystifying the beast

Malgorzata Janeczek

Senior Full-Stack developer @ Sensio AS




Let me start with a question...



The panic move

THE PANIC MOVE

*messes up repo*
“I’ll just clone it again”

| "4 :_;—."_“ ’ ;
AR EVERY DEVELOPER #4W4
R0 AT LEAST ONCE /28




THIS1S GIT. IT TRACKS COLLABORATIVE. WORK
ON PROJECTS THROUGH A BEAUTIFUL
DISTRIBUTED GRAPH THEORY TREE. MODEL.

{ COOL. HOU DO WE.USE. IT?

NO IDEA. JUST MEMORIZE. THESE. SHELL
COMMANDS AND TYPE. THEM TO SYNC. UP
IF YO GET ERRORS, SAVE. YOUR LJORK
FLSEWHERE, DELETE THE. PROJECT,
AND DOWNLOAD A FRESH COPY.
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Gitis “not just a version control system”.
It’s a very small database with two features:

it stores content
and it stores relationships between that content



Hi, I’'m Gosia

Sr. Full-Stack .NET / React Developer @ Sensio
Co-author of DevOps-journey blog devopsifyme.com
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E:’ACH

The «memory machine»



@ Coreidea

o # o



QSummary

Same content = same hash
Where the object lives

Hash:
ce013625030ba8dba9v6f756967f9e9ca394464a

Stored as:
.git/objects/ce/013625030ba8dba906t756967f9e9ca394464a

Filesystem vs Git

NORMAL FILESYSTEM R

“Where is
the file? /===




End of Act 1



E:’ Act 2

Git learns folders (Trees)



@ Coreidea

A tree is how Git represents a directory.
Tree =folder
Blob = file
Tree can point to blobs and other trees

Merge pull request#197 in SIC/sicneo from master to releaseamologacas

Merge pull request#195 in SIC/sicneo from master to release/homologacao

Werge pull request#193 in SIC/sicneo from master ta releasefamologacaa
Merge pull request#190 in SIC/sicneo from master to release/homologacao

j

*

:

Werge pull request #189 in SIC/sicneo from master to release/hamologacac
Merge pull request#186 in SIC/sicneo from master to

Merge pull request#182 in SIC/sicneo from master ta release/omologacao

Merge pull request#179 in SICisicneo from master to releaseihomologacan

Merge pull request #177 in SIC/sicneo from master to release/omologacao

Werge pull request #172 in SICsicneo from [—————1351ET (0 \0logacan
Merge pull request #170 in SIC/sicneo from master to release/homologacao

Werge pull request#160 in SIC/sicneo from master ta releasefamologacaa

Merge pull request#152 in SIC/sicneo from master to release/homologacao

Werge pull request#142 in SIC/sicnen from master ta releasefhomologacac

Merge pull request#136 in SIC/sicneo from master to

Werge pull request#134 in SIC/sicneo from master ta release/omologacao

Merge pull request#118 in SICisicneo fram master to releaseihomologacan

Merge pull request#63 in SIC/sicneo from master to releaseiamologacan

WMerge pull request #57 in SIC/sicneo from master to

Merge pull request #52 in SIC/sicneo from master to release/omologacae

Merge pull request #363 in SIC/sicnea from master to
Merge pull request #3671 1n SICISIENE0 oM I ———————————c 31U/ S1C-44 1 0 master
#31C-441

& Merge pull request#360 in SIC/sicneo from master to release/production

Merge pull request#358 in SICisicneo fram ugiiUSIC-440 to master
#SIC-440

WMerge pull request #356 in SIC/sicneo Tom | —aste 10 master
Correcao no index do portal, incluindo a extensao js na bibliotaca moment

Merge pull request#355 in SIC/sicneo from master to master
Teste de ermo ao logar na portal, que so ocorre na cluster.

Werge pull request#354 in SIC/sicneo from[f Jmaster to master

Teste de ero ao logar no portal, que so ocarre no cluster.

Merge pull request#352 in SIC/sicneo from aster to master

#SICT-24

Merge pull request#351 in SICIsicneo from [ —3StET 0 MAStET
#SICT-24

Merge pull request #349 in SIC/sicneo from Ik 437 to master
#51C-437

Merge pull request #348 in SIC/sicneo from master to release/praduction

Merge pull request #346 in SIC/sicnee bugfiy/SIC-440 10 master
#SIC-440

Merge pull request #345 in SIC/sicneo from master to release/production

Werge pull request #343 in SIC/SICNen from | — 1 0fix/SIC-430 to master

Corrigida referencia a library moment-with-langs.min.js
Merge pull request #341 in 1o 1o [ — 1 51-438-3 o master 2 9
- Remaovida chave de cache do parameters.yml O u rCe S O e O e |t t rea
o | I I

: Merge pull request#340 in SIC/sicneo from | -436-2 to master
Removido arquivo default de do ambiente DEV




But it can be simplified

(tree)
|— README.md -+ (blob)

L src =+ (tree)
L app.js = (blob)




QSummary

100644 blob
47d6a0ec8bfO34eb64caa2c7¢c36599852172e3ac
README . md

Blob -> file content
<hash> - where content lives
README.md - File name

040000 tree
dfecde582fbd595755b60500b8389487¢c7e29833

Src

Tree -> folder
<hash> - another tree
Src —folder name



End of Act 2



E.-? Act 3

Git learns history



0 alb2c¢3d

initial commit

2023-01-01

0 flabic

fix nasty bug

2023-01-07

That bug haunted me () | Cleaner. Stronger. VI S Little things mafter. <

O c970a1
3\\\0 vl

€ 1a2b3cA
improve tests

- |L m_\ > = \
RET N
.—‘_>-u L H‘&‘—)
=

2023-01-10 =% 2023-01-22

) L L D)
e Future me thanks me. \x

rees are o‘rbs,
commits are @ p/wfa album.




© Coreidea

tree > what the project looks like
parent > what came before

metadata > who/when/message

£ Acommitis a snapshot... with memory.



QSummary

Commits store snapshots NOT diffs

[7 Blob = content
. Tree = structure
i Commit =snapshotintime



End of Act 3



R.ﬂ Act 3 (bonus)

Git learns efficiency (Packfiles)



© Coreidea

Git stores objects efficiently using packfiles.

Loose objects

> compressed

> packed together

> delta-compressed internally



Q Summary

Git snapshots look expensive...
but internally Git aggressively compresses objects.

That is why:

* repositories stay surprisingly small
e cloning is fast

* history is cheap



R;-’ Act 4

Branches (just pointers)



© Coreidea

A branchisjust a pointer to a commit.
Creating a branch does NOT copy anything.



main; A->B->C

feature: ->D

@ Branches are cheap because they are just
pointers.



QSummary

Branch = pointer
Branch !=copy
Branches lives in .git/refs/heads

© s
initial commit
© 7esia0
finally works

A branch isjusf a bookmark in your Aisfory. @



End of Act 4



E.-? Act5

Merging (combining timelines)

main: A->B->C

feature: -> D



@ Coreidea

A merge is just a commit with TWO parents.
normal commit > 1 parent
merge commit > 2 parents

Album V1 -» V2 - V3 (main)

\
V4 » V5 (feature)

[\
V1 V2 - V3 - Vb




QSummary

Merge = new commit
with two parents

Merge connects histories
It does NOT rewrite them

If conflict —you must resolve it!

., resolve merge conflicts Malgorzatalan... {m B

feature commit 2 Malgorzatalaneczek
main commit Malgorzatalaneczek
feature work Malgorzatal

real main commit Malgc

upadte readme Malgorzatalaneczek
README.md

add structure Malgorzatalaneczek




[ I am now

Ey"ﬁw‘_ S
= this is where

-~

——————— ———————— -



End of Act 5



E.-? Act 6

Rebase recreates history



What if your history gets messy

A ->B ->C

D >E ->F



© Coreidea

Rebase takes your commits...
and replays them on top of another branch.

Rebase does NOT move commits.
It creates new ones



QSummary

merge > connecttimelines
rebase > rewrite timelines

It’s a tradeoff:
+ clean history
- rewritten history



BEFORE

feature started
here

= h7i8j9K
alb2c3d {mprove Ul

Initial commit

tFuBvIW
Add tests

REBASE

take the feature
commits...

[im2n30 P“qués ;
Add export  Fiy edge case 7l18v‘7w
Add tests

‘ I atb2c3d h7i8j9k 29y8x7w
‘ Initial commit i Improve Ul Refactor auth

...and put them
after the latest
main

REBASE rewrites where your branch’s
memories sit in the album.

REBASE: moving your work to a new starting point

AFTER

feature now starts
here

¢+ lUm2n3,

Add export

SAME COMMITS.
NEW STARTING POINT.




End of Act 6



ﬁ:’Act7

Merge + Squash (clean history without rewriting)



© Coreidea

Squash merge takes all the work from a branch... and turnsitinto
ONE commit.

A squash merge is NOT a real merge commit.
normal merge > 2 parents
squash merge > 1 parent



QSummary

Keep the result, drop the internal history

Squash # merge commit
Only ONE parent



BEFORE

Your feature branch
has many commits...

alb2c3d d4eS5feg

h7i8j9k
Initial commit Add login

Improve Ul

lIm2n3o p4q5rés tHu8viw
Add export Fix edge case Add tests

Lots of little steps
to get the job done.

SQUASH: many commits, one memory

SQUASH

Git combines them
into a single commit...

qu8X7w Vi b
1 '
Refactor auth .  {Am2n30 Add expor
paqsrbs Fix edge case
$7ulviw Add tests
lezzgm Update docs

- memor
one_memory

x1y2z3a :
Update docs
]

SQUASH turns many commits

into one clean memory.

AFTER
A single commit keeps
history clean.

alb2c3d
Initial commit

h7i8jdk

29y8x 7w
Improve Ul

Refactor aut

Pa
=)
M/D' All the work,
fOeld2c
Export feature:

Add export

Fix edge case
Add tests
Update docs

one commit,

® Fewer commits. Clearer history. Same result. ®



Decision making guide

Do you want to preserve the full branch history?

YES NO
Use MERGE
- safest Are the commits meaningful as separate steps?
- keeps all commits
- shows how work happened
YES NO
Use REBASE
- keeps separate commits Use SQUASH
- creates clean linear - one clean commit
history - hides messy WIP
- avoid on shared/public commits
branches - great for PRs into main




End of Act 7



Rﬂ Act 8*

The Staging Area (why Git behaves this way)



© Coreidea

Working directory - your current files

Staging area > next snapshot
Repository > committed history
git add = update snapshot

git commit = savesnapshot



Q Summary

Working Dir > whatyou see
Staging Area > what you will commit
Commit (HEAD) - whatyou committed



End of Act 8



R;-’ Act 9*

git reset (what actually happens)

git reset --hard



© Coreidea

Reset = move pointers and optionally update files.

--soft ->moves the branch pointer, but keeps staging and files
--mixed -> Moves pointer and resets staging, but keeps files.
--hard -> Moves pointer, staging, and files.

Reset doesn’t destroy commits, it just stops pointing to them.



f Important nuance

If you run garbage collection and nothing points to a commit - it can
be deleted eventually.



RESET --HARD: ripping out history and starting over

tFudvaw
Add tests

There are more commits

on this page-..

2. RIP IT OUT

3. AFTER RESET --HARD

‘

d4e5f6g
Add login

alb2c3d

Initial commit

The rest of the history?
Gone.



End of Act 9



R-;Q Act 10*

HEAD (and the scary detached one)



© Coreidea

HEAD is just a pointer to your current location.
HEAD -> branch > commit
OR HEAD > commit (detached)



QSummary

Detached HEAD just means:
Careful! You are noton a branch



A -> B -> C (main)
D (detached, no branch)

Commits don’t belong to branches.
Branches point to commits.



End of Act 10



) Act11*

What git commit actually does



© Coreidea

gitcommit =
1. read the staging area
2. create atree
3. create a commit object
4. point it to the parent
5. move the current branch



() Summary

git commit does not save “everything”
It saves the staging area

Staging area
N

Tree object
Y

Commit object
N

Move branch pointer



End of Act 11



R-;Q MiniAct 12*

Cherry-pick (stealing commits politely)



main: A>B~>C
feature: D> E

Need only D



© Coreidea

Cherry-pick takes ONE commit...
and replays its changes somewhere else.

Cherry-pick does NOT move commits.
It creates a NEW commit.

Git copies the PATCH, not the COMMIT.



Q Summary

Cherry-pick = replay ONE commit

great for:
* hotfixes

* backports

* wrong-branch mistakes

/\ creates NEW commits
/\ duplicates history intentionally



Imagine commits are pages in a book.

Cherry-pick is not
ripping out the original page.



End of MiniAct 12



E:’ Bonus Mini Act

Git learns parallel universes (Worktrees)



@ Coreidea

Git separates:
M Oobject database

from
[7 working directories

Worktrees prove this.

Working directory != repository



Q Summary

Worktrees allow:

o4 multiple active branches

4| shared Git storage

o4l isolated working directories

Perfect for:
Al agents
experiments
hotfixes
parallel work



End of bonus miniact



R:_:; Closing act

Why Git feels scary (and why it shouldn’t)



@ Coreidea

Git feels scary... because it looks destructive...
but internally, it almost never is.

Git feels scary...

because it looks destructive...

Git feels
scary...

D "4 but internally, Y
’ it almost never is.

OBJECTS NEVER CHANGE | POINTERS JUST MOVE



1. 8@ It looks like things disappear

reset --hard
detached Head
rebase



2. @O The commands are misleading

git add > doesn’t “add to repo”
git reset > doesn’t “reset everything”
git checkout - doestoo many things



A bit of honesty at the end

ﬁ Git doesn’t always save you...

Git feels scary...

because it looks destructive...

Git feels
scary...

D e but internally, Y
| it almost never is. oY

OBJECTS NEVER CHANGE | POINTERS JUST MOVE



/\ You probably won’t use these
commands

Some of the commands that will be
shown today are low-level Git
internals (plumbing commands)

-git commit = git write-
tree, git commit-tree
-git add = git update-
index

-git show = git cat-file



DevopsifyMe

Self-promotion
linktree

— | DevOpsify Me

LinkedIn

International Tech
Meetup @ Oslo

Polls and questions

Git behind the scenes UCK26

Code and talk materials

JS is weird - code
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Thank you

QnA o’clock!
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