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Nix

I Nix: purely functional package manager

I NixOS: Linux distribution based on Nix

I Hydra: continuous build system based on Nix

I http://nixos.org/

http://nixos.org/


What’s wrong with other package managers?

I Upgrading a package is dangerous

I Hard to have multiple versions of a package installed at the
same time

I Upgrades are not atomic

I No rollbacks

I Incomplete dependency info

I Only root can install packages

I ...



Nix: Purely functional package management

Nix is a purely functional package manager.

I Purely functional language to describe how to build packages
and their dependencies

I Build results only depend on declared inputs.

I Packages never change after they have been built.



Nix store

Main idea: store all packages
in isolation from each other:

/nix/store/rpdqxnilb0cg...
-firefox-3.5.4

Paths contain a 160-bit
cryptographic hash of all
inputs used to build the
package:

I Sources

I Libraries

I Compilers

I Build scripts

I . . .

/nix/store
l9w6773m1msy...-openssh-4.6p1

bin

ssh

sbin

sshd
smkabrbibqv7...-openssl-0.9.8e

lib

libssl.so.0.9.8
c6jbqm2mc0a7...-zlib-1.2.3

lib

libz.so.1.2.3
im276akmsrhv...-glibc-2.5

lib

libc.so.6



Nix expressions

openssh.nix

{ stdenv, fetchurl, openssl, zlib }:

stdenv.mkDerivation {
name = "openssh-4.6p1";
src = fetchurl {
url = http://.../openssh-4.6p1.tar.gz;
sha256 = "0fpjlr3bfind0y94bk442x2p...";

};
buildCommand = ’’
tar xjf $src
./configure --prefix=$out --with-openssl=${openssl}
make; make install

’’;
}



Nix expressions

all-packages.nix

openssh = import ../tools/networking/openssh {
inherit fetchurl stdenv openssl zlib;

};

openssl = import ../development/libraries/openssl {
inherit fetchurl stdenv perl;

};

stdenv = ...;
openssl = ...;
zlib = ...;
perl = ...;
}



Nix expressions

all-packages.nix

openssh = import ../tools/networking/openssh {
inherit fetchurl stdenv openssl zlib;

};

openssl = import ../development/libraries/openssl {
inherit fetchurl stdenv perl;

};

stdenv = ...;
openssl = ...;
zlib = ...;
perl = ...;
}

Evaluating the openssh variable will produce
an OpenSSH package in the Nix store.

/nix/store
l9w6773m1msy...-openssh-4.6p1

bin

ssh

sbin

sshd
...



User operations

I To build and install OpenSSH:

$ nix-env -f all-packages.nix -i openssh

I When a new version comes along:

$ nix-env -f all-packages.nix -u openssh

I If it doesn’t work:

$ nix-env --rollback

I Delete unused components:

$ nix-collect-garbage
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User environments

I Users can have
different sets of
installed applications.

I nix-env operations
create new user
environments in the
store.

I We can atomically
switch between them.

I These are roots of the
garbage collector.

PATH

/nix/.../profiles

current

42

/nix/store

pp56i0a01si5...-user-env
bin

firefox
ssh

l9w6773m1msy...-openssh-4.6p1
bin

ssh
rpdqxnilb0cg...-firefox-3.5.4

bin
firefox



User environments

I Users can have
different sets of
installed applications.

I nix-env operations
create new user
environments in the
store.

I We can atomically
switch between them.

I These are roots of the
garbage collector.

PATH

/nix/.../profiles

current

42

/nix/store

pp56i0a01si5...-user-env
bin

firefox
ssh

l9w6773m1msy...-openssh-4.6p1
bin

ssh
rpdqxnilb0cg...-firefox-3.5.4

bin
firefox

aqn3wygq9jzk...-openssh-5.2p1
bin

ssh

(nix-env -u openssh)



User environments

I Users can have
different sets of
installed applications.

I nix-env operations
create new user
environments in the
store.

I We can atomically
switch between them.

I These are roots of the
garbage collector.

PATH

/nix/.../profiles

current

42

/nix/store

pp56i0a01si5...-user-env
bin

firefox
ssh

l9w6773m1msy...-openssh-4.6p1
bin

ssh
rpdqxnilb0cg...-firefox-3.5.4

bin
firefox

aqn3wygq9jzk...-openssh-5.2p1
bin

ssh
i3d9vh6d8ip1...-user-env

bin
ssh
firefox

(nix-env -u openssh)



User environments

I Users can have
different sets of
installed applications.

I nix-env operations
create new user
environments in the
store.

I We can atomically
switch between them.

I These are roots of the
garbage collector.

PATH

/nix/.../profiles

current

42

43

/nix/store

pp56i0a01si5...-user-env
bin

firefox
ssh

l9w6773m1msy...-openssh-4.6p1
bin

ssh
rpdqxnilb0cg...-firefox-3.5.4

bin
firefox

aqn3wygq9jzk...-openssh-5.2p1
bin

ssh
i3d9vh6d8ip1...-user-env

bin
ssh
firefox

(nix-env -u openssh)



User environments

I Users can have
different sets of
installed applications.

I nix-env operations
create new user
environments in the
store.

I We can atomically
switch between them.

I These are roots of the
garbage collector.

PATH

/nix/.../profiles

current

42

43

/nix/store

pp56i0a01si5...-user-env
bin

firefox
ssh

l9w6773m1msy...-openssh-4.6p1
bin

ssh
rpdqxnilb0cg...-firefox-3.5.4

bin
firefox

aqn3wygq9jzk...-openssh-5.2p1
bin

ssh
i3d9vh6d8ip1...-user-env

bin
ssh
firefox

(nix-env -u openssh)



User environments

I Users can have
different sets of
installed applications.

I nix-env operations
create new user
environments in the
store.

I We can atomically
switch between them.

I These are roots of the
garbage collector.

PATH

/nix/.../profiles

current

43

/nix/store

pp56i0a01si5...-user-env
bin

firefox
ssh

l9w6773m1msy...-openssh-4.6p1
bin

ssh
rpdqxnilb0cg...-firefox-3.5.4

bin
firefox

aqn3wygq9jzk...-openssh-5.2p1
bin

ssh
i3d9vh6d8ip1...-user-env

bin
ssh
firefox

(nix-env --remove-generations old)



User environments

I Users can have
different sets of
installed applications.

I nix-env operations
create new user
environments in the
store.

I We can atomically
switch between them.

I These are roots of the
garbage collector.

PATH

/nix/.../profiles

current

43

/nix/store

rpdqxnilb0cg...-firefox-3.5.4
bin

firefox
aqn3wygq9jzk...-openssh-5.2p1

bin
ssh

i3d9vh6d8ip1...-user-env
bin

ssh
firefox

(nix-collect-garbage)



Deployment using Nix

I This is a source deployment model (like Gentoo), but...

I We get binary deployment by sharing pre-built components.

I On the producer side:

$ nix-push $(nix-instantiate all-packages.nix) \
http://server/cache

I On the client side:

$ nix-pull http://server/cache
$ nix-env -f all-packages.nix -i openssh

I Installation will now reuse pre-built components, iff they are
exactly the same.
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Finding runtime dependencies
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Finding runtime dependencies

/nix/store
l9w6773m1msy...-openssh-4.6p1

bin

ssh

sbin

sshd
smkabrbibqv7...-openssl-0.9.8e

lib

libssl.so.0.9.8
c6jbqm2mc0a7...-zlib-1.2.3
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libz.so.1.2.3
im276akmsrhv...-glibc-2.5
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Contents of l9w6...-openssh-4.6p1/bin/ssh

...

72 74 00 5f 65 6e 64 00 2f 6e 69 78 2f 73 74 6f |rt._end./nix/sto|

72 65 2f 35 6d 6a 30 35 31 30 66 78 6a 76 32 71 |re/c6jbqm2mc0a7q|

33 79 71 6c 71 76 79 72 70 68 37 37 34 69 79 6e |3yqlqvyrph774iyn|

6b 6c 66 2d 7a 6c 69 62 2d 31 2e 32 2e 33 2f 6c |klf-zlib-1.2.3/l|

69 62 3a 2f 6e 69 78 2f 73 74 6f 72 65 2f 32 6b |ib:/nix/store/sm|

38 76 6a 6a 37 31 64 68 6d 38 73 72 33 67 6b 79 |kabrbibqv7sr3gky|

68 7a 33 64 67 7a 31 37 33 76 35 78 6b 67 2d 6f |hz3dgz173v5xkg-o|

70 65 6e 73 73 6c 2d 30 2e 39 2e 38 6b 2f 6c 69 |penssl-0.9.8e/li|

...
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Nix Packages collection

Nixpkgs

I Contains Nix expressions for ≥ 2100 existing Unix packages.
I Development tools: GCC, Perl, Mono, ...
I Libraries: Glibc, GTK, Qt, X11, ...
I Applications: Firefox, OpenOffice, ...
I Servers: Apache httpd, PostgreSQL, ...

I On Linux/x86, fully bootstrapped (no external dependencies).



NixOS

Taking it all the way

I Since we can build packages...
I ...why not build all the other stuff that goes into a system

configuration?
I i.e. configuration files, system startup scripts, Linux’s initial

ramdisk, ...

I As long as it’s pure, we can build it!

I Result: NixOS, a Linux distribution that uses Nix to build all
static parts of the system.



NixOS

Consequences

I All static parts are stored under /nix/store;
no /lib, /usr, ...

I Upgrades are non-destructive; can roll back.

I Upgrades are atomic.

I Stateless: upgrading equivalent to reinstalling from scratch.

I Deterministic: can easily reproduce a configuration on another
machine.



NixOS



NixOS



Example

Nix expression for ssh config

{ config, pkgs }:

pkgs.writeText "ssh_config" ’’
SendEnv LANG LC_ALL ...
${if config.services.sshd.forwardX11 then ’’
ForwardX11 yes
XAuthLocation ${pkgs.xorg.xauth}/bin/xauth

’’ else ’’
ForwardX11 no

’’}
’’



Example

Nix expression for ssh config

{ config, pkgs }:

pkgs.writeText "ssh_config" ’’
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Laziness in action!



Example

Nix expression for ssh config

{ config, pkgs }:

pkgs.writeText "ssh_config" ’’
SendEnv LANG LC_ALL ...
${if config.services.sshd.forwardX11 then ’’
ForwardX11 yes
XAuthLocation ${pkgs.xorg.xauth}/bin/xauth

’’ else ’’
ForwardX11 no

’’}
’’

Nix store

/nix/store
33lcnh62yll3...-ssh config

kyv6n69a40q6...-xauth-1.0.2

bin

xauth



Example

Nix expression for ssh config

{ config, pkgs }:

pkgs.writeText "ssh_config" ’’
SendEnv LANG LC_ALL ...
${if config.services.sshd.forwardX11 then ’’
ForwardX11 yes
XAuthLocation ${pkgs.xorg.xauth}/bin/xauth

’’ else ’’
ForwardX11 no

’’}
’’

Nix store

/nix/store
33lcnh62yll3...-ssh config

kyv6n69a40q6...-xauth-1.0.2

bin

xauth
Generated file: 33lcnh62yll3...-sshd config

SendEnv LANG LC ALL ...
ForwardX11 yes
XAuthLocation /nix/store/kyv6n69a40q6...-xauth-1.0.2/bin/xauth



NixOS build time dependency graph

Nix expressions to build each part of the system: system packages,
applications, their dependencies, kernel modules, initrd,
configuration files, Upstart jobs, boot scripts, ...

xorg.conf

xserver

ssh_config

etc

profile.sh

sshd_config

sshd

ntp.conf

ntpdhardwareScan

upstartJobs

dhclientdhcpdudev mingettystage1Init

initrd

stage2Init

system

activateConfiguration

modulesTree

modulesClosure

systemPath

kernel

nvidiaDriveriwlwifi

klibce2fsprogs

modprobe ntp dhcpopenssh

xauth

libX11

xorgserver

bashiputils pwdutils perl

upstart

grubMenuBuilder



NixOS build time dependency graph

Nix expressions to build each part of the system: system packages,
applications, their dependencies, kernel modules, initrd,
configuration files, Upstart jobs, boot scripts, ...
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The system configuration file

/etc/nixos/configuration.nix

{
boot.loader.grub.bootDevice = "/dev/sda";
fileSystems = singleton
{ mountPoint = "/";
device = "/dev/sda1";

};
swapDevices = [ { device = "/dev/sdb1"; } ];
services.sshd.enable = true;
services.sshd.forwardX11 = true;

}



The system configuration file

/etc/nixos/configuration.nix

{
boot.loader.grub.bootDevice = "/dev/sda";
fileSystems = singleton
{ mountPoint = "/";
device = "/dev/sda1";

};
swapDevices = [ { device = "/dev/sdb1"; } ];
services.sshd.enable = true;
services.sshd.forwardX11 = true;

}

End-user perspective

I Edit configuration.nix.

I Run nixos-rebuild.

I This builds system.nix and runs its
activation script.

I Non-destructive; various
rollback/test mechanisms.



NixOS — Grub boot menu



Hydra

I Hydra: Continuous build system based on Nix

I Checks out projects from repos and builds them

I Build jobs described by Nix expressions

I Main advantage: builds all dependencies of a job



Hydra



Hydra



Hydra



Conclusion

I Nix: safe package management, atomic upgrades, rollbacks,
multi-user, portable, ...

I NixOS: safe upgrades, atomic upgrades and rollbacks,
reproducibility, ...

I Hydra: builds dependencies of a continuous build job
automatically, ...

More information / download

I http://nixos.org/

I NixOS ISO images for x86, x86 64 are available.

http://nixos.org/

