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Abstract. The deployment of services — sets of running programs that provide
some useful facility on a system or network — is typically implemented through
a manual, time-consuming and error-prone process. For instance, system admin-
istrators must deploy the necessary software components, edit configuration files,
start or stop processes, and so on. This is often done in an ad hoc style with
no reproducibility, violating proper configuration management practices. In this
paper we show that build management, software deployment and service deploy-
ment can be integrated into a single formalism. We do this in the context of the
Nix software deployment system, and show that its advantages — co-existence
of versions and variants, atomic upgrades and rollbacks, and component closure
— extend naturally to service deployment. The approach also elegantly extends
to distributed services. In addition, we show that the Nix expression language can
simplify the implementation of crosscutting variation points in services.

1 Introduction

The deployment of software services — sets of running programs that provide some
useful facility on a system or network — is very often a time-consuming and error-prone
activity for developers and system administrators. In order to produce a working service,
one must typically install a large set of components, put them in the right locations,
write configuration files, create state directories or initialise databases, make sure that
all sorts of processes are started in the right order on the right machines, and so on.
These activities are quite often performed manually, or scripted in an ad hoc way.

A software service typically consists of a set of processes running on one or more
machines that cooperate to provide a useful facility to an end-user or to another software
system. An example might be a bug tracking service, implemented through a web server
running certain web applications, and a back-end database storing persistent data. A
service generally consists of a set of software components, static data files, dynamic
state (such as databases and log files), and configuration files that tie all these together.

A particularly troubling aspect of common service deployment practice is the lack of
good configuration management. For instance, the software environment of a machine
may be under the control of a package manager, and the configuration files and static
data of the service under the control of a version management system. That is, these two
parts of the service are both under CM control. However, the combination of the two
isn’t: we don’t have a way to express that (say) the configuration of a web server consists
of a composition of a specific instance of Apache, specific versions of configuration files
and data files, and so on.
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This means that we lack important features of good CM practice. There is no iden-
tification: we do not have a way to name what the running configuration on a system
is. We may have a way to identify the configurations of the code and data bits (e.g.,
through package management and version management tools), but we have no handle
on the composition. Likewise, there is no derivation management: a software service
is ideally an automatically constructed derivate of code and data artifacts, meaning that
we can always automatically rebuild it, e.g., to move it to another machine. However, if
administrators ever manually edit a file of a running service, we lose this property.

In practice, we see that important service deployment operations are quite hard.
Moving a service to another machine can be time-consuming if we have to figure out
exactly what software components to install to establish the proper environment for the
service. Having multiple instances of a service (e.g., a test and production instance)
running side-by-side on the same machine is difficult since we must arrange for the
instances not to overwrite each other, which often entails manually copying files and
tweaking paths in configuration files. Performing a roll-back of a configuration after an
upgrade might be very difficult, in particular if software components were replaced.

In this paper we argue that we can overcome these problems by integrating build
management, software deployment, and service deployment into a single formalism.
We do this in the context of the Nix deployment system [8, 7], which we developed
to overcome a number of problems in the field of software deployment, such as the
difficulty in reliably identifying component dependencies and in deploying versions
of components side-by-side. We show in this paper that the Nix framework is well
suited for service deployment, simply by treating the static, non-code parts of service
configurations as components. By doing so, we can build, deploy and manage services
with the same techniques that we previously applied to component deployment.

The central contribution of this paper is that we posit that deployment and service
configuration can be integrated by viewing service configurations as components. This
allows all of Nix’s advantages to apply to the service configuration realm. Specifically,
this yields the following contributions:

– Services become closures. Since Nix helps to prevent undeclared dependencies, we
can be reasonably certain that the Nix expression that describes a service has no
external dependencies, i.e., is self-contained. Thus, we can unambiguously repro-
duce such a service. For instance, we can trivially pick it up and move it to another
machine, and it will still work.

– Different instances of a service can automatically co-exist on the same machine.
This includes not just variation in feature space (e.g., test and production instances),
but also variation in time (e.g., older versions of the service). This allows us to
efficiently and reliably roll back to previous configurations.

– Since deployment of code and non-code parts of a service are now integrated in
a single formalism and tool, deployment effort and complexity is substantially re-
duced.

– Nix’s functional expression language allows variability in configurations to be ex-
pressed succinctly. A major annoyance in writing configuration files for services is
a lack of abstraction: crosscutting configuration choices (e.g., a port number) often
end up in many places in many different configuration files and scripts. By gener-
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ating these from feature specifications specified in Nix expressions, we reduce the
deployment effort and the opportunity for errors due to inconsistencies.

– We show how services can be composed from smaller sub-services, rather than
having a single monolithic description of the service as a whole.

– Multi-machine, multi-platform configurations can be described succinctly because
Nix expressions can specify for what platform each component is to be built, and
on what machine it is to run. Thus we obtain a centralised view of a distributed
service.

Outline This paper is structured as follows. In Section 2 we motivate our work, present
a simple, ‘monolithic’ example of service deployment through Nix, and introduce the
underlying concepts and techniques. Section 3 shows how Nix services can be made
compositional. In Section 4 we show how crosscutting configuration aspects can be im-
plemented. We demonstrate how distributed deployment can be elegantly expressed in
Nix in Section 5. We discuss our experiences with Nix service deployment in Section 6,
and related work in Section 7.

2 Overview

2.1 Service components

From the perspective of a user, a service is a collection of data in some format with
a coherent set of operations (use cases) on those data. Typical examples are a Sub-
version version management service [12] in which the data are repositories and the
operations are version management actions such as committing, adding, and renaming
files; a TWiki service [2] in which the data are web pages and operations are viewing,
editing, and adding pages; and a JIRA issue-tracking service in which the data consists
of entries in an issue data-base and the operations are issue management actions such
as opening, updating, and closing issues. In these examples, the service has persistent
data that is stored on the server and that can be modified by the operations of the server.
However, a service can also be stateless and just provide some computation on data pro-
vided by the client at each request, e.g., a translation service that translates a document
uploaded by the client.

From the perspective of a system administrator, a service consists of data directo-
ries containing the persistent state, software components that implement the operations
on the data, and a configuration of those components binding the software to the data
and to the local environment. (For the purposes of this paper, we define a component
as a unit of deployment that can be automatically built and composed.) Typically, the
configuration includes definitions of paths to data directories and software components,
and items such as the URLs and ports at which the service is provided. Furthermore,
the configuration provides meta-operations for initialising, starting, and stopping the
service. Fig. 1 illustrates this with a diagram sketching the composition of a version
management service based on Apache and Subversion components. The control com-
ponent is a script that implements the meta-operations, while the file httpd.conf defines
the configuration. The software components underlying a service are generally not self-
contained, but rather composed from a (large) number of auxiliary components. For
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Fig. 1. Dependencies between code, configuration, and data components in a subversion service.

ServerRoot "/var/httpd"

ServerAdmin eelco@cs.uu.nl

ServerName svn.cs.uu.nl:8080

DocumentRoot "/var/httpd/root"

LoadModule dav_svn_module /usr/lib/modules/mod_dav_svn.so

<Location /repos>

AuthType Basic

AuthDBMUserFile /data/subversion/db/svn-users

...

DAV svn

SVNParentPath /data/subversion/repos

</Location>

Fig. 2. Service configuration. Excerpts from a httpd.conf file showing hosting of Subversion by
an Apache server.

example, Fig. 1 shows that Subversion and Apache depend on a number of other soft-
ware components such as OpenSSL and Berkeley DB.

2.2 Service configuration and deployment

Setting up a service requires installing the software components and all of their de-
pendencies, ensuring that the versions of the installed components are compatible with
each other. The data directories should be initialised to the required format and possibly
filled with an initial data set. Finally, a configuration file should be created to point to
the software and data components. For example, Fig. 2 shows an excerpt of an Apache
httpd.conf configuration file for a Subversion service. The file uses absolute pathnames
to software components such as a WebDAV module for Subversion, and data directories
such as the place where repositories are stored.
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