Principles of Software Construction:
Objects, Design, and Concurrency

Version Control

Jonathan Aldrich Charlie Garrod

Based on slides by Christian Kastner

School of
Computer Science

L
institute for
I S SOFTWARE
RESEARCH = Ry
1 |SYQ sorrare

15-214



Administrivia

e Extra office hours for HW6 and exam

— See online schedule
e Sample final exam — coming soon

e Review session Wednesday 12/16
—2-4pm in DH 1112

e Final exam Thursday 12/17
— 8:30-11:30in MM 103 & MM A14
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Learning Goals

 Understand the benefits and limitations of
version control (history, parallel development,
branching, etc)

* Ability to cooperate on a code base using
branching and merging; to resolve merge
conflicts

e Distinguish classes of version control systems
(local, central, distributed)
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HISTORY
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History

e Record relevant steps in the history of the project
e Supports partial undo

e Label cohesive development steps
— Allows understanding changes
— Explains rationale

— Traceability to other development artifacts (bug trackers, CVEs,
requirements, etc)

e Record who performed changes
e Implies a backup
e Early local systems: SCCS and RCS

e ->\Version control systems useful even when used entirely
locally
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Eclipse's Local History

& History 52 SE A &P BEF =0

sampleFiletd

Revision Time

B 3/30/12 1:46 PM
H 5/30/121:46 PM
B 5/30/121:46 PM
B 5/30/12 1:46 PM

f
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Revision History

KEA Problems (@ Javadoc (@ Dedaration (@ Error Log (% Plug-in Dependencies (E Console ({f' Search (|§|_1 History &4 = 8

CumpilaﬁunUnitEdiWutcr.jaua l_ =;| B - ||_| =1 |_| 28 =

Revision Time -
11.09.08 13:59

Revision

0 163 r342_w20091014, r342_v20090716, ... 23.01.08 10:51 |:||:|au..
0 182 v 20030122-05300a, v20080122-0300 21.01.08 13:04 bbau... 215965 [I:ureau:h:ruml:u] Activating editor shu:uulu:l set ﬁ:u:us into breadcrumb if it was. .
0 161 w20080115-0800, v20080108-0800, ... 21.06.07 14:44 dmegert Fixed bug 132108: [api] Add action constants for IDEActionFactory and ActionF. .

0 160 R3_3_2,r332_200380128, r332_2005... 12.04.07 12:33 Fixed bug 178744 [misc] Editor opened upon an out of sync resource should aIIu:u

0 159 v 20070410-0500, v20070403-0800, ... 258.03.06 13:53 mikeller wdated copyright.
0 158 v 200680327-1600, v20080327-0010, ... 10.02.06 12:27 mkeller _#enamed BasicEditorActionContributor

0 157 w20060207-0800, v20080131-0800, .., 18,08,05 15:44 mkeller  removed unnecessary SMOM-MLS-*S tags

0 1.5 R3_1_2,r312_v20060104-0800, r31... 17.06.05 17:51 dmegert Updated copyright date to 2005

[ 1.55 v 200506 17-preCopyrightPass, v200.,,  19.04.05 14:47 dmegert| Removed trailing whitespace.,

0 154 v 20050413-0300 19.04.05 11:02 dmegert| Converted to Edipse MLS.

[ 1.53 v 20050412-0800, v20050405-0800, ... 25.02.05 16:34 dbae... | Converted fram CPL to EPL

0 152 R3_0_2,r302_v20050311-0800, v20.,. 23.06.04 21:33 dmegert| Copyright fix - automated changes with releng tool
‘ I |_1 1 C1 LTHITLARE T AEMN mem ekt 007 M2 NEC NA A TN Armmmmed | Ombeds femree Cheindaf Baed | mmeee resdifeebmeme T 1 I _}ILI
R3_5 ﬂ Removed trailing whitespace and organized the imparts ;I
igR3 5.1
IER3 52
TER3.6
ﬁlrﬁl v 20090°708-0300 LI LI

institute for
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fixes

Pass, buy special tile GUI impl [ci skip] ¥ master
¥ master completed Exercise class
¥ master
Checkpoint
¥ master
finish boom
¥ master GUI Finished, Test Cases Not Finised
¥ master
final
authored 11 days 800
new environment
¥ master final
authored 11 daysa
final
Showing 1,862 changed files with 0 additions and 0 deletions. R
d
Sorry, we could not display the entire diff because too many files (1,862) changed. il
final
authored 11 days ago
final
suthored 11 days ageo

institute for
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15-

Recording Rationale and T

A index : kernel/git/torvalds/linux.git

g t Linux kernel saurce tree
summary  refs  log  tree | commit | diff stats

author Andy Lutomirski <luto@amacapital net>  2014-12-06 03:03:258 (GWT)
cormitter  Paolo Bonzini <pbonzini@redhat. coms 2014-12-10 11:49: 33 (GMT)

carnmit 29fandz5463c87e5157254dbE0107d1hfacid?7h (patch)
tree bhOdlcbh4dheafcfed3c3d571552159.12495558b1c
parent elgedidolofTecfebdacfdld?43da0E££303baas (diff)

x86, kvm: Clear paravirt_enabled on KVM guests for espfix32's benefit

paravirt enabled has the following effects:

— Disables the FOOF bugy workaround warning. There is no FOOF bug
workaround any more hecause Linux's standard IDT handling already
works around the FOOF bug, but the warning still exists. This=s
iz only cosmetic, and, in any event, there i= no =such thing as
EVH on & CPU with the FOOF bug.

— Disables 32-kit APM BIOS detection. ©On a EVM paravirt system,
there should be no APM BIOZ anywvay.

- Disables thoot. I think that the thoot code should check the
CPUID hypervisor khit directly if it matters.

- paravirt_enabled disables espfixiZ. espfixiZ should *not¥ he
dissbled under EVH paravirt.

The last point is the purpose of this patch. It fixes a leak of the
high 16 bits of the kernel stack address on 32-hit EVM paravirt
guests. Fixes CVE-2014-5134.

Cro: stsblefwvger.kernel.org

Suggested-by: Konrad Rzeszutek Wilk <konrad.wilkforacle.com:
Jigned-off-by: Andy Lutomirski <lutofamacapital.nets>
Jigned-off-by: Paolo Bonzini <phonzinifredhat.coms

Diffstat
-puv-t=-=- archixBEdk ernelbom. ¢ 9 ]

raceability

Imaster 'I zwitch |

Linus Torvalds

log msg ;II search |

diff options

caontext: |3 'I
space: Iinclude 'l
rrode: Iunified 'I




Versioning entire projects
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Versioning and Tags

e Version numbers for files individually vs. per
project

e Version numbers vs. hashes

e Tags to name specific states

15-214 11 [Hi s



While files to manage

e All code and noncode files
— Java code
— Build scripts
— Documentation

e Exclude generated files (.class, ...)

 Most version control systems have a
mechanism to exclude files (e.g., .gitignore)

15-214 12 [Hi s



COLLABORATION
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Collaborating on Files

e How to exchange files
— Send changes by email
— Manual synchronization at project meeting
— All files on shared network directory

e Permission models

— Each file has an owner; only person allowed to change
it
— Everybody may change all files (collective ownership)

15-214 12 [Hi s



Concurrent Modifications

e Allowing concurrent modifications is
challenging

e Conflicts (accidental overwriting) may occur

e Common strategies
— Locking to change
— Detecting conflicts (optimistic model)

15-214 15 [Hi s



Change Conflicts
" Twousersreadthesamefile = Theyboth begin fo edit their copies
Repository Repasitory

A ? A

Y BB

.. SO ... NUC L V. ... ORI

* Harry publishes hisversion first ¢ Sally accidentally averwrites Harry's version
Repository Repaository

Y B R

vt FO. ... MOC L. ... SORO..... SO,

nstitute fc)r
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Practical problems of

Locki ng FlleS locking model?

Wihile Harry edits, Sally s lock
attempt fails
Repository

Wy

- mw::nf.rymnmmqm
edif the latest version :
Repository

institute for
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Locking Problems

* How to lock?
— Central system vs announcement on mailing list
— Forgetting to unlock common

 Unnecesary sequentializing

— Cannot work on different concepts in same file

* False sense of security

— Changing dependant files can cause conflicts not
prevented by locking

15-214 18 [Hi s



Merging (1/2)

 Twouserscapy thesamefile

Repository

Hary Sl |
* Sally publishes her version first
Repository

15-214

 They bath begin to edi their copies

Repository

]

H @

_Hamy sl

Harry gers an “oul-of-dale” error

Repository

m institute for
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Merging (2/2)

Harry compares the latestversion A new merged version is created
fo his own P
Repository P Repository
[ [ :

Harry Sally © - Hamy Sally

 Themergedversinisputlished ©  Nowbothusershaveeach

others” changes

Repository P Repository
[, I !

L
H

Read

II:FJ
I=
£ B

Csally o Hamy

15-214
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Example

import java.util.LinkedList;
public class Stack<T> implements Cloneable {
private LinkedList<T> items = hew LinkedList<T>();
public void push(T item) {
items.addFirst(item);

}

public T pop() {
if(items.size() > 0) return items.removeFirst();
else return null;

}
}

e

= institute tor
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Example

import java.util.LinkedList;
public class Stack<T> implements Cloneable {
private LinkedList<T> items = new LinkedList<T>();

public void p

import java.util.LinkedList;
public class Stack<T>
implements Cloneable {

private LinkedList<T> items =

new LinkedList<T>();
public void push(T item) {
items.addFirst(item);
}
public int size() {
return items.size();

b
—public T pop(yT
if(items.size() > 0) return
items.removeFirst();
else return null;

}

}

T item) {

em);

op{) {
size() > 0) return items.remov

urn null;

15-214

mport java.util.LinkedList;
ublic class Stack<T>

implements Cloneable {
private LinkedList<T> items =
new LinkedList<T>();
public void push(T item) {
items.addFirst(item);
!

public T top() {
return items.getFirst();
)

}

public | pop() {
if(items.size() > 0) return

items.removeFirst();
else return null;

}

titute for
SOF TWARE

-
m sc

22

RESEARCH




Example

import java.util.LinkedList; import java.util.LinkedList;
public clz publlc class Stg
: e
implé A T — R O# Cloneable {
private Linke mport java.util. LinkedList; @@‘ ist<T> items —

public class Stack<T> implements Cloneable {

kedList<T
ubli cnve:;r dLI uI private LinkedList<T> items = new LinkedList<T>(); d puseh(Tl?t:m:)h?!
Pu PUST " bublic void push(T item) { vt i
items.addFirst : o _ IdFirst(item);
} items.addFirst(item);
public int size()| ! . op() {

- <<<<<<< TOp/Stack.java
return items.s public T top() {

} - s
public T pop() \ return items.getFirst(); bop() {

if(items.size()y ~ size() > 0) return
items.re| — T ams.removeFirst();

else return nu public i".t size() .{ urn null;
) return items.size();

lems.getFirst();

} >>>>>>> Size/Stack.java

public T pop() {
if(items.size() > 0) return items.removeFirst();
else return null;

}
} System cannot decide order

15-214



3-way merge

* File changed in two ways

— Overlapping changes -> conflicts

— Merge combines non-conflicting changes from both
 Merging not always automatic

— diff tool to show changes

— Manual resolution of conflicts during merge (potentially
requires additional communication)

e Automatic merge potentially dangerous
-> syntactic notion of conflicts

 Merging of binary files difficult
* |n practice: most merges are conflict free

15-214 24 sors



BRANCHING
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Branching

e Parallel copies of the source tree

 Can be changed independently, versioned
separately, and merged later (or left separate)

e Often used for exploratory changes or to isolate
development activities

* Many usage patterns, common:
— Main branch for maintenance OR main development

— New branches for experimental features; merge when
successful

— New branches for nontrivial maintenance work
— Branches for maintenance of old versions

s eehitite o
15-214 26 SO



Release management with branches

Bus fix

Release 2

1

Bug fix T

A A

QA passes - goes alpha  Public release

. Bug fix 3:

Release 1

Development

A

QA passes - goes|alpha

A

Public release

A

End of Release 1| development

MNew festime ¥ (Tor Release 2)

New festuwe 2 (for

A

"
LEM Release 2 development

a5 2)

15-214

New fertiwe 7 (Tor Release 3)

X

A Project milestone

x End of branch

T Create branch/merse changes

= nstitute F‘:v
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Variants and Revisions

e Revision replaces prior revision (temporal)
e Variant coexists with other variants

e Version describes both

* Release: Published and named version

V1.0 V1.1 V2.0 V3.0
Base system (Windows) X X X X
Linux variant X X
Server variant X X
Extension for customer A X X X
Extension for customer B X

=z nstitute for
Lol 28



Semantic Versioning for Releases

e Given a version number MAJOR.MINOR.PATCH,
increment the:

— MAJOR version when you make incompatible API
changes,

— MINOR version when you add functionality in a
backwards-compatible manner, and

— PATCH version when you make backwards-compatible
bug fixes.

e Additional labels for pre-release and build
metadata are available as extensions to the
MAJOR.MINOR.PATCH format.

http://semver.org/

15-214 20 [HI e



Variants and Revisions

CustomerB -1.3

-
Jﬁc ustomer ,&\ 13 Customer A -1.4
Z_X Z_x—» >
A-1.3 A-1.3.0
AR

1
1.3 fixes > 1.4 fixes >

7N >

1.3 1.4 Core

nstitute for
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Managing variants

* Branching for variants does not scale well
* Requires special planning or tooling

/+ common parts «/

e Many solutions

— Configuration files /+ dependent on operating system «/
#if (OS == Unix)

— Preprocessors

— Build systems #elif (05 == VMS)
— DSLs felse

— Software product

= institute for
el 31



CENTRALIZED VERSION CONTROL
(E.G., SVN)

15-214 32 [ s



Classes of version control systems

e Systems supporting merging and/or locking

e Local version control
— Local history of files: SCCS (1970s), RCS (1982)

e Central version control
— Versions stored on central master server
— Clients synchronize with server (update, commit)
— CVS (1990), SVN (2004), Perforce, Visual SourceSafe

e Distributed version control

— Many repositories; synchronization among
repositories (push, pull)

— Git (2005), Mercurial, Bitkeeper, ClearCase

15-214 sz [HI s



Cer L od Version Control

(version 5,
branch M)

checkoU Server

update/ (all versions)
CcO '

”

Client
(version 5,

access control

branch M)

Client

(revision 4,
branch B)

institute for
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Typical work cycle

 Once: Create local workspace

— svn checkout

e Update workspace: .
— svn update

e Perform changes in workspace: .
— svn add
— svn delete
— svn copy .
— svh move

e Show workspace changes:

— svn status
— svn diff

Revert changes in workspace:
— svn revert

Update and merge conflicts:
— svn update

— svn resolved

Push workspace changes to
server:

— svh commit

te |

nstitute for
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CVS vs. SVN

CVS

* |[mprovement over RCS in
tracking entire directories

e Revision number per file

e Text files (binary files
possible)

15-214

SVN

e Revision numbers for
project

e Atomic commits (commiting
multiple files at once)

* Tracking files and directories
* Support renaming
 Tracking of Metadata



DISTRIBUTED VERSION CONTROL
(E.G., GIT)
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Git

e Distributed version control
 No central server necessary (but possible)

e Local copies of repositories (containing all history)

— Locally SVN like functionality: checkout, update, commit,
branch, diff

 Nonlinear development: each local copy can evolve
independently

e Synchronization among repositories (push/fetch/pull)
e Fast local operations (branch, commit, diff, ...)

15-214 38 sors



Overview

u
49, push, pull\ checkout / update
) .
commit

15214 - [

<
—




Distributed Versions

e \ersions not globally coordinated/sorted

 Unique IDs through hashes, relationships tracked in successor graph
— e.g., 52a0ff44aba8599f43a5d821c421af316cb7305
— Possible to merge select changes (cherry picking)

— Possible to rewrite the history as long as not shared remotely (git
rebase etc)

e Cloning creates copy of repository (including all versions)
— Tracks latest state when cloned, relevant for updating and merging
— Normal checkout and commit operations locally
— Commits don't change original repository

e Fetch and pull get missing versions from remote repository (one or
more)

e Push operations sends local changes to remote repository (one or
more), given access rights

15-214 40 sors



Example workflow

Kernel developer
checkout / update

E
/ commit edit
push
Linux
puII & merge

clone checkout
—

\’\ Linux I

commit edit

clone / p 1

New developer

15-214 41
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Pull Requests

Kernel developer

checkout / update
clone / pull >
/ MY &
/ commit edit
push

T pull & merge

Linux

W checkout
\’\
Linux I
commit ) edit
A

15

Pull request: Github feature to ask developer to pull a specific
change (alternative to sending email); integration with Travis Cl




Forks

Kernel developer
checkout / update

clone / pull
Linux Sush —> I(.Iinul))( E
oca
(GH) ﬁ commit edit

fork W pull & merge

ull & merge

c checkout
VDUR Linux
(local)
commlt edit

15

Fork: Github feature to clone repository on Glthub (own copy
with full rights)




Forks

Kernel developer
checkout / update

Caution:
Please to not fork 214 repositories.

214 Collaboration Policy: "Here are some examples of behavior that are
inappropriate: Making your work publicly available in a way that other
students (current or future) can access your solutions, even if others’
access is accidental or incidental to your goals."

(local) ) -0
- commitLE'D ) edit
A

15

Fork: Github feature to clone repository on Github (own copy
with full rights)




Repositories in mustache.js

janl

boucher
jchris

natewvw

L] L]

voodootikigod E

defunkt

tlrobinson —— . ]

quirkey

trek

seed]js
johnboxall
jpf
foca
enki
nrstott

thegrandpoobah

darthapo
olegp

lyconic

phiggins42

GitHub Metwork Graph viewer v4.8.8
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Git History

®No

15-214

*
\
*
*
i
*
*

*
*
*
*
*
*
|
|
*
*
*
*
*
*
*
*
*

2009-12-88 575c2d8

|
I
\

|

Terminal — less — 156x42

bchesneau@gmail.com (bchesneau@gmail.com) Merge remote branch 'thomo/master' into mthomo

2@09-12-97 a315955 Thomas.Mohaupt@gmail.com (Thomas.Mohaupt@gmail.com) Merge branch ‘master' of git://github.com/couchapp/couchapp

2009-12-01 cbd2bc8 Thomas.Mohaupt@gmail.com (Thomas.Mohaupt@gmail.com) Bug: Trailing carridge returns are not stripped.
20@09-11-28 c649863 Thomas.Mohaupt@gmail.com (Thomas.Mohaupt@gmail.com) Merge branch 'master' of git://github.com/couchapp/couchapp

A\

2009-11-27 1418fal Thomas.Mohaupt@gmail.com (Thomas.Mohaupt@gmail.com) Fix wrong couchapp path
2009-11-27 1944cc@ Thomas.Mohaupt@gmail.com (Thomas.Mohaupt@gmail.com) Merge branch 'master' of git://github.com/couchapp/couchapp

2009-11-27 2e97985 Thomas.Mohaupt@gmail.com (Thomas.Mohaupt@gmail.com) Fix UTF-8 issue on WinXP
2009-11-26 97b5026 Thomas.Mohaupt@gmail.com (Thomas.Mohaupt@gmail.com) Merge branch ‘master' of git://github.com/couchapp/couchapp

2009-11-19 00ed4d9 Thomas.Mohaupt@gmail.com (Thomas.Mohaupt@gmail.com) Fix WinXP problem: Attachement name is not UTF-8 encoded

2009-11-17 6a52137 mot@.sqs.int (mot@.sgs.int) Fix: USERPROFILE handling

2009-12-08 34828d@ bchesneau@gmail.com (bchesneau@gmail.com) fix hooks and compress hook

2009-12-08 60dec82 bchesneau@gmail.com (bchesneau@gmail.com) fix compress options search path

2009-12-07 3c¢89e38 jasondavies@apache.org (jasondavies@apache.org) Generate attachment signatures before processing macros.
2009-12-97 54c3e83 jasondavies@apache.org (jasondavies@apache.org) Merge branch 'master' of git://github.com/couchapp/couchapp

2009-12-84 9b97679 bchesneau@gmail.com (bchesneau@gmail.com) fix __iter__

2009-12-04 4b8c%e7 bchesneau@gmail.com (bchesneau@gmail.com) fix typo. thanks to markh.

2009-12-84 b37230e bchesneau@gmail.com (bchesneau@gmail.com) patch from @rmg. thanks!

2009-11-29 233238a bchesneau@gmail.com (bchesneau@gmail.com) bump version number to 0.5.1.

2009-11-29 d8c97@9 bchesneau@gmail.com (bchesneau@gmail.com) add update template to generators
2009-11-28 0964b63 bchesneau@gmail.com (bchesneau@gmail.com) couchapp standalone for macosx via py2app

2009-11-28
2009-11-28
2009-11-28
2009-11-28
2009-11-27
2009-11-27
2009-11-27
2009-11-27
2009-11-27

4def@ab
10b53e3
051e778
c47718f
53a2040
343862d
bfa2f8c
3380adc
aB49b41

bchesneau@gmail.com (bchesneau@gmail.com) make sure ocntent type is defined
benoitc@. (none) (benoitc@.(none)) new fixes while testing

bchesneau@gmail.com (bchesneau@gmail.com) rethink hook system. final version. Now like extensions each hooktype is a list o
bchesneau@gmail.com (bchesneau@gmail.com) rethink extensions. So now extensions are a list of key=value pair. where key is

bchesneau@gmail.com (bchesneau@gmail.com) fix compress extension & load extensions like we load hooks
bchesneau@gmail.com (bchesneau@gmail.com) fix template paths with windows

bchesneau@gmail.com (bchesneau@gmail.com) backport import_module from python 2.7

benoitc@. (none) (benoitc@.(none)) more windows fix

bchesneau@gmail.com (bchesneau@gmail.com) more fixes

s [Hi
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Git and Central Repositories




Social Coding

15-214

janl's Profile - GitHub - Opera

git janl's Profile - GitHub

Fd

=10l |

«[>|[% DM gt ntp:/github.comiant

w| | +|search with Google

‘ janl (Jan Lehnardt)

MName Jan Lehnardt
Email jan@apache.org
Website/Blog hitp:ifjan.prima.de/ploks
Location Berlin, Germany
ver Since May 23, 2008
Public Repositories (92) (" Filter repositories..
& mustache.js JavaScript € 619 4 65

Minimal templating with {mustaches}}in JavaScript
Last updated 2 days ago

all commits W commis by awner 52 waak paricipation
= talks @3 41
my talks

Last updated 3 days ago

all commits W commits by awner 52 waak participation

& konamibacon.js Javascript © 2 4 1

what it says on the tin
Last updated 5 days ago

Message Unfollow

| » B B

92 229

public repos Tollowers

Following 76 coders and watching 235 repositories view all —

MTHELONREECELEREAR

Public Activity

LY janl pushed to gh-pages at oreilly/couchdb-guide about 13 hours
ago

B s=3505e fix listing, thanks to damjan

£, janl started following daleharvey 1 day ago
daleharvey has 12 public repos and 29 followers.

@ janl closed issue 294 on oreilly/couchdb-guide 2 days ago
Caonfusion in tour.html

&% janl pushed to gh-pages at oreilly/couchdb-guide 2 days ago
& 2209771 Clarify note, fix markup. Closes #294.

@ janl pushed to master at janl/mustache.js 2 days ago

P8 =127966 More FAQurate Awa re n e SS/

LB $-@-

PR ces24ce spelling
News Feeds
= institute for
a8 sorfens




Git Internals

Untracked Unmodified Modified

Edit the file
Remove the file

Stage the file

e ot

© Scott Chacon “Pro Git”

~ institute for
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Git Internals

co - C1 -« C2 B B C4

3

© Scott Chacon “Pro Git”
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Git Internals

3c4e9c

tree

new.txt test.txt bak

' ¢

fa49b0 1f7a7a d8329f
"new file" "version 2" tree
test.txt
83baae
"version 1"

© Scott Chacon “Pro Git”

= institute for
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Git Internals

bak

1lad4l0e 3c4e9c

refs/heads/master third commit tree new.txt

test.txt
\ 1f7a7a
"version 2"
v
—— o1ssEh test.txt
refs/heads/test second commit tree
new.txt fa49b0
TR upey file" -
fdfafc d8329f 83baae
first commit tree test.txt = wyersion 1"
© Scott Chacon “Pro Git”
= institute for
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Summary

e Version control has many advantages
— History, traceability, versioning
— Collaborative and parallel development

e Locking vs. merging and merge conflicts
e Collaboration with branches

e From local to central to distributed version
control
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