User Guide
to the ModuLand program package

(Version 1.0; June 2009)

(An algorithm package for the determination of a hierarchical
community structure of networks with adjustable overlaps)

Brief overview of the method family

This User Guide describes the use of the algorithms of the ModuLand method family for
uncovering overlapping modules. The ModuLand method family includes the following main
steps (for more details see the related Manuscript and its Supplementary Material
downloadable from HERE):

0. Converting the network data to the input format of the current implementation

1. Construction of community heaps

2. Construction of the community landscape

3. Identifying modules and assigning elements and links of the network to modules.

For each step, a choice of methods is available to use. Though the algorithms we describe in
this User Guide are both generally applicable and effective, we would like to note that each
step of the process may be optimized further to the unique properties of the network. We offer
appropriate clues for this optimization process in the Supplementary Material downloadable
from HERE.

In our current implementation, networks are stored in exg format, which is a custom binary
format for the effective storage of network elements, links and their various attributes. We
provide the pajek_conv tool to convert Pajek net files to cxg files.

In the applications we offer the NodeLand, LinkLand, PerturLand and EdgeWeight
(NoLand) heap construction methods, where steps 1 and 2 of the ModuLand method family
have been merged. These heap construction methods take the network input data in cxg
format, and directly output the community landscape data in a exl format.

Step 3 may be performed using either the ProportionalHill or the TotalHill module
assignment methods. These methods take both the original network topology data in the cxg
format and the community landscape data in the cxl file as inputs, and output the module
membership assignment matrix of network elements in a exb format.

Optionally, the next level of the hierarchical representation of network modules — where the
original modules became the elements — can be constructed using the NewLevel method,
which requires the cxg, exl and cxb input data, and outputs the network topology of the new
level as a cxg file.

Please note that a Linux/x86 compatible operating system is required for running the programs
provided in the ModuLand program package. If you do not have access to such sytem, you may
use a prebuilt VirtualBox image of a Linux system with all necessary programs (please see the
Appendix of this manual for instructions to use the VirtualBox image).
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The following flowchart summarizes the different phases and possible options of the
ModulLand algorithm package. Cylinders represent data storage options, while boxes
represent different operations. Box captions refer to the name of the operation, while the name
in parentheses refers to the executable program name as found in the ModuLand program
package.
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Network data

Networks provided in the program package
We provide the network data we have analyzed in the related manuscript downloadable from
HERE: in both e¢xg and Pajek net format. The following networks can be found in the
networks/ directory of the program package:
1. Word association network
School-friendship network
Electrical power-grid of the USA
Yeast protein-protein interaction network
Network science collaboration network
6. Zachary karate club social network
For the detailed description of these networks see Section I. of the Supplementary Information
downloadable from HERE.
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Converting Pajek net network data to the cxg format with pajek_conv

After installing the programs of the enclosed program package downloadable from HERE,
you can use the pajek conv program to convert the network topological parameters in the
Pajek net format to the cxg files used by the ModuLand method family by issuing the
following command:

pajek_conv mynet.net mynet.cxg

where mynet is the name of the network file you have selected. You can inspect and verify
the output by looking at the content of the ¢xg file using the program of cpxext_cat by issuing
the command:

cpxext_cat mynet.cxg | head

Converting network data in edgelist format to cxg format

After installing the programs of the enclosed program package downloadable from HERE,
you can use the edge2net.sh program to convert an undirected edgelist to Pajek net format,
and then use the pajek conv program to convert the network topological parameters in the
Pajek net format to the cxg files used by the ModuLand method family by issuing the
following commands:

edge2net.sh mynet.edgelist mynet.net

pajek_conv mynet.net mynet.cxg

where mynet is the name of the network file you have selected. You can inspect and verify
the output by looking at the content of the cxg file using the program of cpxext_cat by issuing
the command:

cpxext_cat mynet.cxg | head

The edgelist file is assumed to have two integers per line separated with a whitespace
character, where the integers refer the node numbers, starting from either zero or one.
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Community heap and landscape construction methods

You may use the provided algorithms describing the implementation of the NodeLand,
LinkLand or PerturLand methods to determine the community landscape of your network.
Alternatively, you may use the EdgeWeight method, if you simply want the community
landscape heights to be the link weights of the original network. The EdgeWeight method is
also useful for the inclusion of any of the community landscape determination methods you
wish to try in the ModuLand method family framework.

The NodeLand and LinkLand methods
After installing the programs of the enclosed program package downloadable from HERE,
you can execute the NodeLand or LinkLand methods by issuing the following commands:

nodeland -0 mynet.cxg mynet.cxI

or

linkland -0 mynet.cxg mynet.cxl

where mynet is the name of the network file you have selected. The nodeland or linkland
programs take the ¢xg format network data as input, and output the community landscape data
to the exl file. The -0 (minus zero) switch prevents the programs to write detailed community
heap data to the output cxl file.

The PerturLand method
After installing the programs of the enclosed program package downloadable from HERE,
you can execute the PerturLand method by issuing the following command:

perturland mynet.cxg <X> <higher level: 0/1> mynet.cxI

where mynet is the name of the network file you have selected. The program takes the cxg
format network data as input, and outputs the community landscape data to the exl file. The
<X> parameter describes the attenuation of the information perturbation during the
propagation process. <X> can be in the range of [0;1]. The higher the value of X, the smaller
the attenuation of the perturbation is spreading in the network (for details see Section IV. 2. of
the Supplementary Information downloadable from HERE). The <higher level: 0/1>
parameter can be set either 0 or 1, telling the program, if the supplied network is an original
network [<higher level: 0/1> = 0] or any higher level of the network hierarchy constructed by
the ModuLand method [<higher level: 0/1> = 1], respectively. In the latter case, the X
parameter has no effect (for explanation of this see Section IV. 2. of the Supplementary
Information downloadable from HERE).

The EdgeWeight method
After installing the programs of the enclosed program package downloadable from HERE,
you can execute the EdgeWeight method by issuing the following command:

edgeweight --in mynet.cxg --out mynet.cxl

where mynet is the name of the network file you have selected. The program takes the cxg
format network data as input, and outputs the community landscape data to the exl file. In the
cxl data the link weights of the original network become the community landscape heights of
the links.
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For networks of higher hierarchical levels the EdgeWeigth method should be used as
community heap construction method (for explanation of this see Section VII. 2. of the
Supplementary Information downloadable from HERE).

You can also supply your own community landscape data by writing the community
landscape heights to a Pajek net file as link weights, using pajek conv and finally the
EdgeWeight program to assemble the community landscape data in ¢xl format.

Module identification and module membership assignment methods

The ProportionalHill and TotalHill methods

The ProportionalHill and TotalHill module membership assignment programs take the cxg
format network data and the exl format community landscape data as inputs, and output the
module membership assignment matrix of the network elements in a ¢xb format.

After installing the programs of the enclosed program package downloadable from HERE,
you can execute the ProportionalHill or TotalHill method by issuing the following commands:

prop mynet.cxg mynet.cxl mynet.cxb H
or

total_lowmem --no-edge-belong -m 900 mynet.cxg mynet.cxl mynet.cxb

where mynet is the name of the network file you have selected. The H parameter of the
ProportionalHill program ensures that the module membership assignment vectors of the
network links will be normalized to the community landscape height of the links. Note: One
could substitute ‘1’ or ‘W’ instead of ‘H’ in order to normalize the module membership
assignment vector of any given link either to the sum of one or to the sum of the original
weight of the given link (“W’), respectively.

The --no-edge-belong parameter of the TotalHill program prevents writing the module
membership assignment vectors of the links to the output exb file — it is advised to use this
option, as the assignment vectors of links are not required in later steps and their inclusion
would needlessly enlarge the output file size. The -m 900 parameter instructs the program not
to use more than 900 Megabytes of memory. Select this number according to the available
memory of your computer, where half of the total free memory may be a safe choice.

Extracting module membership data

While the function library for directly manipulating the ex* files of the ModuLand program
package (such as reading or writing their content) is not available yet, you can use the mm.sh
script in combination with the cpxext_cat tool provided in the enclosed program package
downloadable from HERE to extract the module membership assignment matrix from a cxb
file by executing the following command:

cpxext_cat mynet.cxb | mm.sh > module_node_mat.txt

where mynet is the name of the network file you have selected. The mm.sh script utilizes the
standard GNU Awk program available in standard Linux distributions. The
module node mat.txt output file will contain as many rows as the number of network
modules, with as many comma-separated float values in each row as the number of network


http://www.linkgroup.hu/modules.php
http://www.linkgroup.hu/modules.php
http://www.linkgroup.hu/modules.php

elements. The float value in row i and column j of the module_node_mat.txt output file is
the membership strength of element j in module i.

Higher level networks

Creating a higher level network

It is possible to create a higher level network based on the overlapping module information of
the original network: Modules of the original network will be the elements of the new
network, and the links between the elements of the new network will represent the overlaps
between the modules of the original network.

The NewLevel program determining the immediate next level of the hierarchical network
structure defined by the above definition takes the exg format network topology data, the cxl
format community landscape data and the exb format module membership assignment matrix
as inputs, and outputs the higher level network topology data to a exg format data file.

After installing the programs of the enclosed program package downloadable from HERE,
you can execute the NewLevel method by issuing one of the following commands:

newlevel mynet.cxg mynet.cxl mynet.cxb mynet-1.cxg
or
newlevel --threshold Y mynet.cxg mynet.cxl mynet.cxb mynet-1.cxg

where mynet is the name of the network file you have selected. The second way of execution
differs in supplying the additional --threshold Y parameter, where Y is a percentage-like
number between 0.0 and 100.0. By default, this Y threshold parameter is set to zero, meaning
that even the smallest overlaps between the modules of the original network are taken into
account, which may result a network at the immediate next level of the hierarchy with as
many as M? links, where M is the number of modules of the original network, if the module
overlaps have been very extensive. The inclusion of a non-zero Y threshold value (in
percentage) will cause that the value of all components of those module membership
assignment vectors will be set to zero, which do not reach the Y threshold percentage of the
sum of all components. In case of a non-zero Y threshold parameter the calculation of
modular overlaps takes place only after the pruning step described here. It is especially
advised to use at least a small value of the Y parameter, e.g. 0.1%, or 1%, if the module
membership assignment matrix has been determined using the TotalHill method, which
results in extensive and detailed overlaps of the network modules. After determining the
modules of both the original and any hierarchy levels of the higher level networks the module
membership assignment data will be stored in the mynet.cxb, mynet-1.xcb, ..., mynet-k.cxb
files, respectively, where mynet is the name of the network file you have selected, and k
refers to the number of the highest level of the hierarchy you wanted to determine (obviously
this should be at least one level below the highest level of the hierarchy, where all modules of
the original network are represented by a single element).

Projecting module assignment of higher levels to the original network

After determining the modules of both the original and any hierarchy levels of the higher level
networks and storing the module membership assignment data in the mynet.cxb, mynet-
l.xcb, ..., mynet-k.cxb files, respectively, you can project the module membership
assignment of any intermediate level i (0 < i < k) or even back to the original 0 level by
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executing the following command (after installing the programs of the enclosed program
package downloadable from HERE):

projector mynet.cxb mynet-1.cxb [...] mynet-i.cxb mynet-0-i.cxp

where mynet is the name of the network file you have selected. The output file, mynet-0-
i.cxp contains the module membership assignment data of the elements of the original
network assigned to the modules of the network hierarchy level i.

Extracting projection data

Similarly to the extraction of the module membership assignment data from cxb format files
described earlier, you can use the mm_proj.sh script provided in the program package
downloadable from HERE in combination with the cpxext_cat tool to extract the module
membership assignment matrix from a cxp file containing the module membership
assignment data of the higher hierarchical level projected to the original network elements by
executing the following command:

cpxext_cat mynet-0-i.cxp | mm_proj.sh > module_node_mat.txt

where mynet is the name of the network file you have selected. The mm_proj.sh script
utilizes the standard GNU Awk program available in standard Linux distributions. The
module_node_mat.txt file will contain as many rows as the number of network modules on
network level i, with as many comma-separated float values in each row as the number of
network elements in the original network. The float value in row j and column £ of the
module_node_mat.txt output file is the membership strength of element & in module ; at
network level i.
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A complete example

In this example, we will convert an original network data in a Pajek net format to a cxg
format, determine the modules of the original network, create the immediate next layer of the
higher level networks, determine the modules of this immediate next layer of the higher level
networks, and finally project the modules of the immediate next higher level network to the
elements of the original network.

pajek_conv mynet.net mynet.cxg
nodeland -0 mynet.cxg mynet.cxI
total_lowmem --no-edge-belong -m 900 mynet.cxg mynet.cxl mynet.cxb

cpxext_cat mynet.cxb | mm.sh > module_node_mat-0.txt

newlevel --threshold 0.1 mynet.cxg mynet.cxl mynet.cxb mynet-1.cxg
edgeweight --in mynet-1.cxg --out mynet-1.cxI

total_lowmem --no-edge-belong -m 900 mynet-1.cxg mynet-1.cxl mynet-1.cxb

projector mynet.cxb mynet-1.cxb mynet-0-1.cxp

cpxext_cat mynet-0-1.cxp | mm_proj.sh > module_node_mat-0-1.txt

After the execution of all the above commands, the results of the modular analysis will be in
the following files:

o mynet.cxg: network topology in the cxg format

o mynet.cxl: community landscape data in cx] format

o mynet.cxb: module membership data in cxb format

o module node mat-0.txt: module membership data in standard text format

o mynet-1.cxg: hierarchical level 1 network topology in the cxg format

o mynet-1.cxl: hierarchical level 1 network community landscape data in cxI format
o mynet-1.cxb: hierarchical level 1 network module membership data in cxb format

o mynet-0-1.cxp: module membership data as projected from the modules of the level 1
network to nodes of the original network, in cxp format

o module node mat-0-1.txt: projected module membership data in standard text format.



Appendix: VirtualBox image for running the ModuLand programs

Setting up VirtualBox and the ModulLand Image

VirtualBox is a free virtualization technology for running a virtual computer inside your real
computer. First, please download and install the latest VirtualBox (version 2.2.4 as of writing
this guide) from http://www.virtualbox.org/wiki/Downloads. Please also see if your computer
meets the requirements for running VirtualBox (a recent computer should have no problems
coping with this task).

After downloading and installing the VirtualBox program as shown above, at the registration
for the ModuLand program package HERE, you will receive a confirmation email also
containing a link to the zip-compressed ModuLand VirtualBox image which makes the
interface between the VirtualBox program and the ModuLand programs. The zip file contains
a ModuLand.ovf' and a vmdk file. Extract these files to a suitable location.

Start the VirtualBox program (which has been previously downloaded from
http://www.virtualbox.org/wiki/Downloads), and choose Import Appliance option from the
File menu as shown below.

¥ sunVirtualBox _[=]
File | Machine Help
5] Virtual Media Manager... Ctrl+D
& v {2} Details |[@ Snapshots (1) | @ Description
(v Import Appliance...
@l Export Appliance... Ctrl+E @ @
&P Preferences... Ctrl+G —
= [ Guest Additions
7 Euit ctri+Q @ Current State (changed)
| | (0]
Import an appliance into VirtualBox

Choose the extracted ovf file and follow the process of importing, accepting the default
values. Importing may take some minutes to finish. After the import process is done, the
“Moduland Image” is listed under your images, and you can start the virtual machine, as
shown below.

'ovf stands for Open Virtualization Format. If you are already familiar with a virtualization software capable of
using ovf images (such as VMWare), you may also use that software for importing and running the image.
However, here we restrict ourselves to only give instructions for the free VirtualBox software.
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Getting started with the ModuLand Image

After the Virtual Machine has booted, a small browser window will open with usage

Machine Devices Help

instructions. The main elements of the user interface are shown in the picture below.

Default "Dillo"
browser with instructions

3¢ il /7/home/dsin

This is a VirualBox image running DS-Linux 4.4 Please feel free to experiment with the Modul and

programs.
ou can find the ModuLand manuscript, supplementary material and user guide on the desklop

The Moduland program package can be found in /foptModuland_Programs, with network data in
foptModuLand_Programs/networks. The ModuLand programs are already placed in the executable
path, $0 you can execute the programs by typing their names.

Wou can open a Bash Terminal by clicking the Term® bution of the tray.
After opening the terminal, type for example (lines terminated by Enters):

cd test
cat fest.sh
festsh

Bash term for
commands

Here you can run the
commands as described
in the ModuLand User
Guide.

80O& 7m0 | @ @ right ctrl

VirtualBox

Press this key to
status bar Shared release the
Folders keyboard/mouse
focus from VirtualBox
if captured.
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Sharing a folder between your computer and the virtual computer

You can share a folder of your computer with the virtual computer (either with just reading or
with read and write support) for easing the transfer of your data from and to the virtual
computer. The process is shown in the picture below.

Machine Devices Help

2, Click the
add folder' icon

o 0

of the directory
. you want to share s}

=iiment win e mogul.and

B er guide on the desktop

g

Folder Path: [ &3 D:\MyDataFolder |v] “ rams, with network data in
= dy placed in the executable

Folder Name: ‘ share

=nlays the name of the shared falder (as it will
4, After selecting
the path, modify the
name to be "share"

be s¢

["] Read-only

5, Optionally tick

read-only and make el -
E] . ¢ a share (by clicking on the

permanent ure to name it "share" (without

Help | Lng Cancel ]

6, Confirm the
dialogs

7, Now you can mount
and unmount the share 1, Right-click the
VirtualBox shared

folders icon
SO r@l| @ Brightcl

Stopping the Virtual Computer

After you have finished you work, please shut down the virtual computer using the process
shown in the picture below.

Machine Devices Help

Tor Moduend UM Factage
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This is a VirtualBox image running DS-Linux 4.4. Please feel free to experiment with the Moduland
programs.

“ou can find the Moduland manuscript, supplementary material and user guide on the deskop

The MaduLand program package can be found in JoptModuLand_Programs, with network data in
fopiModuland_Programs/networks. The MpduLand programe are already placed in the executable
path, so you can execute the programs by Nping their names.

“You can open a Bash Taminal by clicking the Term' button of the tray
After opening the terminal, type for example (lines terminated by Entars):

+ Shutdown
_'Reboot
'Exit to Prompt =en the host and the virtual machine, create a share (by clicking on the

i i bottom of the VirualBox window), and be sure to name it "share" (without
L.!Each;é exacute:

user guide for defails.

1, Double-

click the Exit
icon ok 7| [TCancel |

nnt/share directory, and be sure to execute

“* 2, Untick "Backup”
':EL and press Ok.

nt the share
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