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Chapter 1. Introduction

igraph isalibrary for creating and manipulating graphs. Y ou can look at it in two ways: first, igraph
contains the implementation of quite alot of graph algorithms. These include classic graph agorithms
like graph isomorphism, graph girth and connectivity and aso the new wave graph algorithms like
transitivity, graph motifs and community structure detection. Skim through the table of contents or
the index of this book to get an impression of what is available.

Second, igraph provides a platform for developing and/or implementing graph agorithms. It has an
efficient data structure for representing graphs, and a number of other data structures like flexible
vectors, stacks, heaps, queues, adjacency lists that are useful for implementing graph algorithms. In
fact these data structures evolved along with the implementation of the classic and non-classic graph
algorithms which make up the major part of the igraph library. This way, they were fine-tuned and
checked for correctness several times.

Our main goal with devel oping igraph wasto create agraph library which is efficient on large, but not
extremely large graphs. More precisely, it is assumed that the graph(s) fit into the physical memory of
the computer. Nowadays this means graphs with several million vertices and/or edges. Our definition
of efficient isthat it runs fast, both in theory and (more importantly) in practice.

We believe that one of the big strengths of igraph is that it can be embedded into a higher-level lan-
guage or environment. Three such embeddings (or interfaces if you look at them another way) are
currently being developed by us: an R package, a Python extension module, and aMathematica (Wol-
fram Language) package. Others are likely to come. High level languages such as R or Python make
it possible to use graph routines with much greater comfort, without actually writing asingleline of C
code. They have some, usually very small, speed penalty compared to the C version, but add ease of
use and much flexibility. This manual, however, covers only the C library. If you want to use Python,
R or the Wolfram Language, please see the documentation written specifically for these interfaces and
come back here only if you are interested in some detail which is not covered in those documents.

We dtill consider igraph as a child project. It has much room for development and we are sure that it
will improve alot in the near future. Any feedback we can get from the usersis very important for us,
as most of the time these questions and comments guide us in what to add and what to improve.

igraph is open source and distributed under the terms of the GNU GPL version 2 or (at your option)
any later version. We strongly believethat all the algorithms used in science, | et that be graph theory or
not, should have an efficient open-source implementation allowing use and modification for anyone.

igraph is free software

igraph library
Copyright (C) 2003-2004 Gabor Csardi <csardi.gabor@gmail.com>

Copyright (C) 2005-2019 Gébor Csérdi <csardi.gabor@gmail.com> and Tamas Nepusz <ntamas@g-
mail.com>

Copyright (C) 2020-2023 The igraph development team

This program is free software; you can redistribute it and/or modify it under the terms of the GNU
General Public License as published by the Free Software Foundation; either version 2 of the License,
or (at your option) any later version.

This program is distributed in the hope that it will be useful, but WITHOUT ANY WARRANTY;
without even the implied warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR
PURPOSE. See the GNU General Public License for more details.

Y ou should have received a copy of the GNU General Public License along with this program; if not,
write to the Free Software Foundation, Inc.
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Citing igraph
To citeigraph in publications, please use the following reference:

Gabor Csardi, Tamas Nepusz: The igraph software package for complex network research. I nterJour-
nal Complex Systems, 1695, 2006.

The igraph C library is assigned the DOI 10.5281/zenodo.3630268 [https://doi.org/10.5281/zeno-
do.3630268] on Zenodo.
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Chapter 2. Installation

This chapter describes building igraph from source code and installing it. The source archive of the
latest stable release is always available from the igraph website [https://igraph.org/c/#downloads).
igraphisalsoincluded in many Linux distributions, aswell as several package managers such asvcp-
kg [https:/Ivepkg.iof] (convenient on Windows), MacPorts [https.//www.macports.org/] (macQOS) and
Homebrew [https://brew.sh/] (macOS), which provide an easier means of installation. If you decide
to use them, please consult their documentation on how to install packages.

Prerequisites

To build igraph from sources, you will need at |east:

» CMake [https://cmake.org] 3.18 or later

e Cand C++ compilers

Visual Studio 2015 and later are supported. Earlier Visual Studio versions may or may not work.
Certain features also require the following libraries:

¢ libxml2 [http://www.xmlsoft.org/], required for GraphML support

igraph bundlesanumber of librariesfor convenience. However, it is preferableto use external versions
of these libraries, which may improve performance. These are:

* GMP [https.//gmplib.org/] (the bundled aternative is Mini-GMP)

GLPK [https.//www.gnu.org/software/glpk/] (version 4.57 or later)

ARPACK [https.//www.caam.rice.edu/software/ ARPACK/]

plfit [https.//github.com/ntamas/plfit]

* A library providing a BLAS [https.//www.netlib.org/blas/] API (available by default on macOS;
OpenBLAS [https.//www.openblas.net] is one option on other systems)

A library providing a LAPACK [https://www.netlib.org/lapack/] API (available by default on ma-
cOS; OpenBLAS [https://openblas.net] is one option on other systems)

When building the devel opment version of igraph, bi son, f| ex andgi t arealsorequired. Released
versions do not require these tools.

Torunthetests, di f f isalso required.

Installation

General build instructions

igraph uses a CMake-based build system [https.//cmake.org/cmakel/hel p/latest/guide/user-interac-
tion/index.html]. To compileit,

* Enter the directory where the igraph sources are:

$ cd igraph
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» Create anew directory. Thisiswhereigraph will be built:

$ nkdir build
$ cd build

* Run CMake, which will automatically configure igraph, and report the configuration:

$ cnake ..
To set anon-default installation location, such as/ opt / | ocal , use:
cmake .. - DCVAKE | NSTALL_PREFI X=/ opt/| ocal

» Check the output carefully, and ensure that all features you need are enabled. If CMake could not
find certain libraries, some features such as GraphML support may have been automatically dis-
abled.

» There are severa ways to adjust the configuration:
* Runccnake . onUnix-like systemsor cmake- gui on Windows for a convenient interface.
« Simply edit the CMakeCache. t xt file. Some of the relevant options are listed below.

» Oncethe configuration has been adjusted, runcrmake .. again.

» Onceigraph has been successfully configured, it can be built, tested and installed using:
$ cmake --build .

$ cmake --build . --target check
$ cmake --install

Specific instructions for Windows

Microsoft Visual Studio

vcpkg

With Visual Studio, the steps to build igraph are generally the same as above. However, since the
Visual Studio CMake generator isamulti-configuration one, we must specify the configuration (typ-
ically Release or Debug) with each build command using the - - conf i g option:

nkdir build

cd build

crmake ..

cmake --build . --config Rel ease

cmake --build . --target check --config Rel ease

When building the development version, bi son and f | ex must be available on the system. wi n-
f | exbi son [https://github.com/lexxmark/winflexbison] for Bison version 3.x can be useful for this
purpose—make sure that the executables are in the system PATH. The easiest installation option
is probably by installing wi nf | exbi son3 from the Chocolatey package manager [https://choco-
latey.org/packages/winflexbison3].

Most external dependencies can be conveniently installed using vepkg [https:/github.com/mi-
crosoft/vepkg#quick-start-windows]. Notethat i gr aph bundles all dependencies except | i bxm 2,
which is needed for GraphML support.



https://github.com/lexxmark/winflexbison
https://github.com/lexxmark/winflexbison
https://github.com/lexxmark/winflexbison
https://chocolatey.org/packages/winflexbison3
https://chocolatey.org/packages/winflexbison3
https://chocolatey.org/packages/winflexbison3
https://github.com/microsoft/vcpkg#quick-start-windows
https://github.com/microsoft/vcpkg#quick-start-windows
https://github.com/microsoft/vcpkg#quick-start-windows

Installation

In order to use vcpkg integrate it in the build environment by executing vepkg. exe i ntegrate
i nstal |l onthe command line. When configuring igraph, point CMake to the correct vcpkg. c-
make fileusing - DCMAKE_TOOLCHAI N_FI LE=. . ., asinstructed.

Additionally, it might be that you need to set the appropriate so-called triplet using - DVCPKG_TAR-
CET_TRI PLET whenrunning c make, for exampling, settingittox64- wi ndows whenusing shared
builds of packages or x64- wi ndows- st at i ¢ when using static builds. Similarly, you also need
to specify this target triplet when installing packages. For example, to install | i bxm 2 as a shared

library, usevcpkg. exe install |ibxm 2: x64-w ndows andtoinstall | i bxm 2 asastatic
library, use vepkg. exe install 1ibxm 2: x64-w ndows- st ati c. In addition, there is
the possibility to use a static library with dynamic runtime linking using the x64- wi ndows- st a-
ti c- nmd triplet.

MSYS2

MSY S2 can be installed from msys2.org [https.//www.msys2.org/]. After installing MSY S2, ensure
that it is up to date by opening aterminal and running pacman - Syuu.

The instructions below assume that you want to compile for a 64-bit target.
Install the following packages using pacman - S.
* Minimal requirements: mi ngw w64- x86_64-t ool chai n, m ngw w64- x86_64- crake.

» Optiona dependencies that enable certain features: m ngw w64- x86_64- gnp, m ngw we4-
x86_64-1ibxm 2

» Optiona external libraries for better performance: m ngw w64- x86_64- openbl as, m ngw
W64- x86_64- ar pack, m ngw wb4- x86_64- gl pk

* Only needed for running thetests: di ffuti |l s
* Required only when building the development version: gi t , bi son, f | ex

The following command will install of these at once:

pacman -S \
m ngw we4- x86_64-t ool chai n m ngw wb4- x86_64- cnmake \
m ngw we4- x86_64- gnp m ngw we4- x86_64-1i bxm 2 \
m ngw we4- x86_64- openbl as m ngw w64- x86_64- ar pack \
m ngw we4- x86_64-gl pk diffutils git bison flex

In order to build igraph, follow the General build instructions above, paying attention to the follow-
ing:

* Whenusing MSY S2, start the“M SY S2 MinGW 64-bit” terminal, and not the“MSY S2MSY S’ one.

* Besuretoinstall them ngw w64- x86_64- crmake package and not the cnake one. The latter
will not work.

* When running cnmake, passthe option - G' MSYS Makefil es™.

» Notethat ccnake isnot currently available. cmake- gui can be used only if the mi ngw w64-
x86_64- gt 5 packageisinstalled.

Notable configuration options

The following options may be set to ON or OFF. Some of them have an AUT O setting, which chooses
areasonable default based on what libraries are available on the current system.
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« igraph bundles some of its dependencies for convenience. The | GRAPH_USE | NTERNAL XXX
flags control whether these should be used instead of external versions. Set them to ON to use the
bundled (“vendored”) versions. Generally, external versions are preferable as they may be newer
and usually provide better performance.

e | GRAPH_GLPK _SUPPORT: whether to make use of the GLPK [https.//www.gnu.org/soft-
ware/glpk/] library. Some features, such as finding a minimum feedback arc set or finding commu-
nities through exact modularity optimization, require this.

* | GRAPH_GRAPHWL_SUPPORT: whether to enable support for reading and writing GraphML
[http://graphml.graphdrawing.org/] files. Requires the libxml2 [http://xmlsoft.org/] library.

* | GRAPH_OPENMP_SUPPORT: whether to use OpenMP parallelization to accelerate certain func-
tions such as PageRank calculation. Compiler support is required.

* | GRAPH_ENABLE_LTO: whether to build igraph with link-time optimization, which improves
performance. Not supported with all compilers.

* | GRAPH_ENABLE_TLS: whether to enablethread-local storage. Required when usingigraph from
multiple threads.

* | GRAPH _WARNI NGS_AS_ERRORS: whether to treat compiler warnings as errors. We strive to
eliminate all compiler warnings during development so this switch is turned on by default. If your
compiler prints warnings for some parts of the code that we did not anticipate, you can turn off this
option to prevent the warnings from stopping the compilation.

 BU LD SHARED LI BS [https://cmake.org/cmake/hel p/l atest/vari-
able/BUILD_SHARED_LIBS.html]: whether to build a shared library instead of a static one.

* BLA VENDOR: controls which library to use for BLAS [https://cmake.org/cmake/help/lat-
est/module/FindBLAS.html] and LAPACK [https://cmake.org/cmake/hel p/latest/modul e/ FindL A-
PACK.html] functionality.

« CMAKE | NSTALL_PREFI X [https:.//cmake.org/cmake/hel p/latest/variable/ CMAKE_INSTAL-
L_PREFIX.html]: the location where igraph will be installed.

Building the documentation

Most users will not need to build the documentation, as the release tarball contains pre-built HTML
documentation in thedoc directory.

To build the documentation for the development version, simply buildtheht m , pdf ori nf o targets
for the HTML, PDF and Info versions of the documentation, respectively.

$ cmake --build . --target htn

Building the HTML documentation requires Python 3, xni t o and sour ce- hi ghl i ght . Building
the PDF documentation also requires xsl t proc, xml | i nt and f op. Building the Texinfo docu-
mentation also requires the docbook2X package, xm | i nt and makei nf o.

Notes for package maintainers

This section is for people who package igraph for Linux distros or other package managers. Please
read it carefully before packaging igraph.

Auto-detection of dependencies

igraph bundles several of its dependencies (or simplified versions of its dependencies). During config-
uration time, it checks whether each dependency is present on the system. If yes, it usesit. Otherwise,
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it falls back to the bundled (“vendored”) version. In order to make configuration as deterministic as
possible, you may want to disable this auto-detection. To do so, set each of the | GRAPH_USE | N-
TERNAL XXX options described above. Additionally, set BLA VENDOR to use the BLAS and LA-
PACK implementations of your choice. This should be the same BLAS and LAPACK library that
igraph's other dependencies (e.g., ARPACK) are linked against.

For example, to force igraph to use externa versions of all dependencies except plfit, and to use
OpenBLASfor BLAS/LAPACK, use

$ cmake .. \
- DI GRAPH_USE_| NTERNAL_BLAS=CFF \
- DI GRAPH_USE_| NTERNAL_LAPACK=OFF \
- DI GRAPH_USE_| NTERNAL_ARPACK=OFF \
- DI GRAPH_USE_| NTERNAL _GLPK=OFF \
- DI GRAPH_USE_| NTERNAL_GVP=CFF \
- DI GRAPH _USE_| NTERNAL_PLFI T=0ON \
- DBLA VENDOR=QpenBLAS \
- DIl GRAPH_GRAPHM._ SUPPORT=0N

Shared and static builds

On Windows, shared and static builds should not be installed in the same location. If you decide to
do so anyway, keep in mind the following: Both builds containani gr aph. | i b file. The static one
should be renamed to avoid conflict. The headersfrom the static build areincompatiblewith the shared
library. The headers from the shared build may be used with the static library, but | GRAPH_STATI C
must be defined when compiling programs that will link to igraph statically.

These issues do not affect Unix-like systems.
Cross-compiling

When building igraph with an internal ARPACK, LAPACK or BLAS, it makes use of f2c, which
compilesand runsthear i t hchk program at build time to detect the floating point characteristics of
the current system. It writesthe resultsinto thear i t h. h header. However, running this program is
not possible when cross-compiling without providing a userspace emulator that can run executables
of thetarget platform on the host system. Therefore, when cross-compiling, you either need to provide
such an emulator with the CMAKE _CROSSCOWPI LI NG_EMULATOR option, or you need to specify a
pre-generated version of thear i t h. h header file through the F2C_EXTERNAL _ARI TH_HEADER
CMake option. An exampleversion of thisheader followsfor thex86_64 and arm64 target architecures
on macOS. Warning: Do not use thisversion of ar i t h. h on other systems or architectures.

#define | EEE_8087

#define Arith_Kind ASL 1
#def i ne Long int

#define Intcast (int)(long)
#def i ne Doubl e_Align
#define X64_bit_pointers
#def i ne NANCHECK

#defi ne QNaNO 0xO0

#define QNaNl Ox7ff 80000

igraph also checks whether the endianness of ui nt 64_t matches the endianness of doubl e on
the platform being compiled. Thisis needed to ensure that certain functions in igraph's random num-
ber generator work properly. However, it is not possible to execute this check when cross-compiling
without an emulator, so in this case igraph simply assumes that the endianness matches (which isthe
case for the vast magjority of platforms anyway). The only case where you might run into problemsis
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when you cross-compile for Apple Silicon (ar n64) from an Intel-based Mac, in which case CMake
might not realize that you are cross-compiling and will try to execute the check anyway. You can
work around this by setting | EEE754 DOUBLE_ENDI ANNESS MATCHES to ON explicitly before
invoking CMake.

Providing an emulator in CMAKE_CROSSCOWPI LI NG_EMULATOR has the added benefit that you
can run the compiled unit tests on the host platform. We have experimented with cross-compiling
to 64-bit ARM CPUs (aar ch64) on 64-bit Intel CPUs (and64), and we can confirm that using
genu- aar ch64 works as a cross-compiling emulator in this setup.

Additional notes

» Asof igraph 0.10, there is no tangible benefit to using an external GMP, asigraph does not yet use
GMP in any performance-critical way. The bundled Mini-GMP is sufficient.

« Link-time optimization noticeably improves the performance of some igraph functions. To enable
it, use - DI GRAPH_ENABLE_LTO=0ON. The AUTOsetting is aso supported, and will enable link-
time optimization only if the current compiler supportsit. Note that thisis detected by CMake, and
the detection is not always accurate.

» We saw occasiona hangs on Windows when igraph was built for a 32-bit target with MinGW and
linked to OpenBLAS. We believe thisto be an issue with OpenBLAS, not igraph. On this platform,
you may want to opt for adifferent BLAS/LAPACK or the bundied BLAS/LAPACK.




Chapter 3. Tutorial

Compiling programs using igraph

The following short example program demonstrates the basic usage of theigraph library. Saveit into
afilenamedi graph_t est . c.

#i ncl ude <i graph. h>

int main(void) {
i graph_integer_t numuvertices = 1000;
i graph_i nteger_t num edges = 1000;
i graph_real _t dianeter;
i graph_t graph;

i graph_rng_seed(igraph_rng_default(), 42);

i graph_erdos_renyi _game_gnmn(

&graph, numyvertices, num edges,

| GRAPH_UNDI RECTED, | GRAPH_NO_LOOPS
)

i graph_di anet er (
&gr aph, &di aneter,
/* from=*/ NULL, /* to = */ NULL,
/* vertex_path = */ NULL, /* edge_path = */ NULL,
| GRAPH_UNDI RECTED, /* unconn= */ true
)
printf("D ameter of a random graph with average degree %g: %g\n",
2.0 * igraph_ecount (&graph) / igraph_vcount(&graph),
(doubl e) dianeter);

i graph_dest roy( &gr aph);

return O;

}

This exampleillustrates a couple of points:
* First, programs using the igraph library should include thei gr aph. h header file.

» Second, igraph usestheigraph_integer_t typefor integersinstead of int or long int, and it also uses
theigraph_real ttypefor real numbersinstead of double. Depending on how igraph was compiled,
and whether you are using a 32-bit or 64-bit system, igraph_integer t may be a 32-bit or 64-bit
integer.

 Third, igraph graph objects are represented by the igraph_t data type.

» Fourth,thei gr aph_erdos_renyi _gane_gnm() createsagraphandi gr aph_dest roy()
destroysit, i.e. deallocates the memory associated to it.

For compiling this program you need a C compiler. Optionally, CMake [https://cmake.org] can be
used to automate the compilation.

Compiling with CMake

It is convenient to use CMake because it can automatically discover the necessary compilation flags
on all operating systems. Many IDEs support CMake, and can work with CMake projects directly.
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To create a CMake project for this example program, create a file name CMakelLi st s. t xt with
the following contents:

cmake_m ni mum requi red( VERSI ON 3. 18)
proj ect (i graph_test)

find_package(i graph REQUI RED)

add_execut abl e(i graph_test igraph_test.c)
target _link_libraries(igraph_test PUBLIC igraph::igraph)

To compile the project, create a new directory called bui | d in the root of the igraph source tree,
and switch toit:

nkdir build
cd build

Run CMake to configure the project:

cmake ..

If igraph was installed at a non-standard location, specify its prefix using the - DCMAKE PRE-
FI X_PATH=. .. option. The prefix must be the same directory that was specified as the
CMAKE_| NSTALL_PREFI X when compiling igraph.

If configuration has succeeded, build the program using

cmake --build .

C++ must be enabled in igraph projects

Partsof igraph areimplemented in C++; therefore, any CMake target that dependsonigr aph
should use the C++ linker. Furthermore, OpenMP support in igraph works correctly only if
C++ isenabled in the CMake project. The script that finds igraph on the host machine will
throw an error if C++ support is not enabled in the CMake project.

C++ support is enabled by default when no languages are explicitly specified in
CMake'spr oj ect [https://cmake.org/cmake/hel p/latest/command/project.html] command,
e.g. proj ect (i graph_test). If you do specify some languages explicitly, make sure
to asoinclude CXX, eg. pr oj ect (i graph_test C CXX).

Compiling without CMake

On most Unix-like systems, the default C compiler is called cc. To compile the test program, you will
need a command similar to the following:

cc igraph_test.c -1/usr/local/include/igraph -L/usr/local/lib -ligraph -o igrap!

The exact form depends on where igraph was installed on your system, whether it was compiled as
ashared or static library, and the external librariesit was linked to. The directory after the- | switch
isthe one containing thei gr aph. h file, while the one following - L should contain the library file
itself, usually afile called | i bi gr aph. a (static library on macOS and Linux), | i bi gr aph. so
(shared library on Linux), | i bi graph. dyl i b (shared library on macOS), i gr aph. | i b (static
library on Windows) or i gr aph. dl | (shared library on Windows). If igraph was compiled as a
static library, it is also necessary to manually link to all of its dependencies.
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If your system hasthe pkg-config utility you arelikely to get the necessary compile options by issuing
the command

pkg-config --1ibs --cflags igraph

(if igraph was built as a shared library) or

pkg-config --static --libs --cflags igraph

(if igraph was built as a static library).

Running the program

On most systems, the executable can be run by simply typing its name like this:

./igraph_test

If you use dynamic linking and the igraph library is not installed in a standard place, you may need
toadditslocationtothe LD LI BRARY_PATH (Linux), DYLD LI BRARY_ PATH (macOS) or PATH
(Windows) environment variables. Thisistypically necessary on Windows systems.

Creating your first graphs

Thefunctions generating graph objects are called graph generators. Stochastic (i.e. randomized) graph
generators are called “games’.

igraph can handle directed and undirected graphs. Most graph generators are able to create
both types of graphs and most other functions are usually aso capable of handling both. E.g.,
i graph_get _shortest _pat hs(), which calculates shortest paths from a vertex to other ver-
tices, can calculate directed or undirected paths.

igraph has sophisticated ways for creating graphs. The simplest graphs are deterministic reg-
ular structures like star graphs (i gr aph_star ()), ring graphs (i gr aph_ri ng()), lattices
(igraph_square lattice())ortrees(i graph_kary tree()).

The following example creates an undirected regular circular lattice, adds some random edges to it
and calcul ates the average length of shortest paths between all pairs of verticesin the graph before and
after adding the random edges. (The messageis that some random edges can reduce path lengths alot.)

#i ncl ude <i graph. h>

int main(void) {
i graph_t graph;
i graph_vector _int_t dinvector;
i graph_vector _int_t edges;
i graph_vector _bool t periodic;
i graph_real t avg path_|en;

i graph_vector _int_init(&dinvector, 2);
VECTOR( di mvect or) [ 0] =30;
VECTOR(di nvector) [ 1] =30;

i graph_vector_bool init(&periodic, 2);
i graph_vector _bool fill(&periodic, true);
i graph_square_l attice(&graph, &dinvector, 0, | GRAPH UNDI RECTED, /* nutual = */

11
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i graph_average_pat h_| engt h( &gr aph, &avg_path_l en, NULL, | GRAPH UNDI RECTED, /*
printf("Average path length (lattice): %\ n", (double) avg_path_Iel

i graph_rng_seed(igraph_rng_default(), 42); /* seed RNG before first use */

i graph_vector_int_init(&edges, 20);

for (igraph_integer_t i=0; i < igraph_vector_int_size(&edges); i++) {
VECTOR(edges)[i] = RNG_INTEGER(O, igraph_vcount(&graph) - 1);

}

i graph_add_edges( &gr aph, &edges, NULL);
i graph_average_pat h_| engt h( &gr aph, &avg_path_l en, NULL, | GRAPH UNDI RECTED, /*
printf("Average path I ength (randoni zed lattice): %g\n", (double) avg path_| el

i graph_vector _bool _destroy(&peri odic);
i graph_vector _int_destroy(&di nvector);
i graph_vector_int_destroy(&edges);

i graph_dest roy( &gr aph);

return O;

}

This example illustrates some new points. igraph uses igraph_vector t and its related types
(igraph_vector_int_t, igraph_vector_bool_t and so on) instead of plain C arrays. igraph_vector_tissu-
perior to regular arraysin almost every sense. Vectorsarecreated by thei gr aph_vector _init ()
function and, like graphs, they should be destroyed if not needed any more by callingi gr aph_vec-
t or _destroy() onthem. A vector can be indexed by the VECTOR() function (right now itisa
macro). The elements of avector are of typeigraph_real_t for igraph_vector_t, and of typeigraph_in-
teger_t for igraph_vector_int_t. Asyou might expect, igraph_vector_bool_t holdsigraph_bool_t val-
ues. Vectors can be resized and most igraph functions returning the result in a vector automatically
resizeit to the size they need.

i graph_square_l attice() takesaninteger vector argument specifying the dimensions of the
lattice. In this example we generate a 30x30 two dimensional periodic lattice. See the documentation
of i graph_square_Il atti ce() inthereference manual for the other arguments.

The vertices in a graph are identified by a vertex ID, an integer between 0 and N- 1, where Nis the
number of vertices in the graph. The vertex count can be retrieved using i gr aph_vcount (), as
in the example.

Thei gr aph_add_edges() function simply takes a graph and a vector of vertex IDs defining the
new edges. Thefirst edgeis between thefirst two vertex IDsin the vector, the second edgeis between
the second two, etc. Thisway we add ten random edges to the lattice.

Note that this example program may add loop edges, edges pointing a vertex to itself, or multiple
edges, more than one edge between the same pair of vertices. igraph_t can of course represent loops
and multiple edges, although some routines expect simple graphs, i.e. graphs which contain neither
of these. This is because some structural properties are ill-defined for non-simple graphs. Loop and
multi-edges can be removed by caling i gr aph_si nmpl i fy().

Calculating various properties of graphs

In our next example we will calculate various centrality measuresin afriendship graph. Thefriendship
graph is from the famous Zachary karate club study. (Do a web search on "Zachary karate" if you
want to know more about this.) Centrality measures quantify how central isthe position of individual
verticesin the graph.

#i ncl ude <i graph. h>

12



Tutorial

int main(void) {

}

i graph_t graph;

i graph_vector_int_t v;

i graph_vector_int_t result;
i graph_vector_t result_real;

i graph_integer_t edges[] ={ 0,1, 0,2, 0,3, 0,4, 0,5 0,6, 0,7, 0,8,

o, 10, 0,11, 0,12, 0,13, 0,17, 0,19, 0,21, 0,31
1, 2,1, 3, 1, 7, 1,13, 1,17, 1,19, 1,21, 1,30,
2, 3, 2, 7, 2,27, 2,28, 2,32, 2, 9, 2, 8, 2,13,
3, 7, 3,12, 3,13, 4, 6, 4,10, 5, 6, 5,10, 5,16,
6,16, 8,30, 8,32, 8,33, 9,33, 13,33, 14,32, 14,3
15,32, 15,33, 18,32, 18,33, 19,33, 20,32, 20,33,
22,32, 22,33, 23,25, 23,27, 23,32, 23,33, 23,29,
24,25, 24,27, 24,31, 25,31, 26,29, 26,33, 27,33,
28,31, 28,33, 29,32, 29,33, 30,32, 30,33, 31,32,

31,33, 32,33 };

i graph_vector_int_view &, edges, sizeof(edges) / sizeof(edges[0]));

i graph_creat e(&graph, &v, 0, | GRAPH UNDI RECTED);

i graph_vector_int_init(&esult, 0);
i graph_vector_init(&esult_real, 0);

i graph_degree(&graph, &esult, igraph_vss_all(), |GRAPH ALL, | GRAPH LOOPS);
printf("Maxi mum degree is 940" | GRAPH PRId ", vertex 92" | GRAPH PRId ".\

i graph_vector _int_nmax(& esult),
i graph_vector _int_which_max(&esult));

i graph_cl oseness(&graph, &result_real, NULL, NULL, igraph_vss_all(),

/* weights= */ NULL, /* normalized= */ false);
printf("Maxi mum cl oseness is 9%40g, vertex %" | GRAPH PRI ".\n",
(doubl e) igraph_vector_nax(& esult_real),
i graph_vector_whi ch_nmax(& esult_real));

i graph_bet weenness(&graph, &result_real, igraph_vss_all(),
| GRAPH_UNDI RECTED, /* wei ghts= */ NULL);
printf("Maxi mum bet weenness is %0g, vertex %" |GRAPH PRId ".\n",
(doubl e) igraph_vector_nax(& esult_real),
i graph_vector_whi ch_nmax(& esult_real));

i graph_vector_int_destroy(&esult);
i graph_vector_destroy(& esult_real);
i graph_destroy( &gr aph);

return O;

This example demonstrates some new operations. First of al, it shows away to create a graph alist
of edgesstoredin aplain C array. Functioni gr aph_vect or _vi ew() createsaview of aC array.
It does not copy any data, which means that you must not call i gr aph_vect or _destroy() on
avector created thisway. This vector isthen used to create the undirected graph.

Then the degree, closeness and betweenness centrality of the vertices is calculated and the highest
values are printed. Note that the vector r esul t, into which these functions will write their result,
must be initialized first, and also that the functions resize it to be able to hold the resuilt.

Noticethat in order to print values of typeigraph_integer_t, weusedthel GRAPH_ PRI d format macro
constant. This macro is similar to the standard PRI constants defined in st di nt . h, and expandsto
the correct pri nt f format specifier on each platform that igraph supports.

13

| GRAPH_A



Tutorial

Thei graph_vss_al | () argument tells the functions to calculate the property for every vertex in
the graph. It is shorthand for a vertex selector, represented by type igraph _vs t. Vertex selectors help
perform operations on a subset of vertices. You can read more about them in one of the following
chapters.

14



Chapter 4. Basic data types and
Interface

The igraph data model

The igraph library can handle directed and undirected graphs. The igraph graphs are multisets of or-
dered (if directed) or unordered (if undirected) labeled pairs. The labels of the pairs plus the number
of vertices always starts with zero and ends with the number of edges minus one. In addition to that,
a table of metadata is also attached to every graph, its most important entries being the number of
vertices in the graph and whether the graph is directed or undirected.

Liketheedges, theigraph verticesare also labeled by numbers between zero and the number of vertices
minus one. So, to summarize, adirected graph can be imagined like this:

( vertices: 6,
directed: yes,
{
(0,2),
(2,2),
(3,2),
(3,3),
(3,4),
(3,4),
(4,3),
(4,1)
}
)

Herethe edges are ordered pairs or vertex ids, and the graph isamultiset of edges plus some metadata.

An undirected graph islike this:

( vertices: 6,
di rected: no,
{

(0,2),
(2,2),
(2,3),
(3,3),
(3, 4),
(3, 4),
(3, 4),
(1,4)
}

)

Here, an edge is an unordered pair of two vertex IDs. A graph is a multiset of edges plus metadata,
just likein the directed case.

Itispossibleto convert between directed and undirected graphs, seethe i gr aph_t o_di rect ed()
and i graph_t o_undirected() functions.

igraph aimsto robustly support multigraphs, i.e. graphs which have more than one edge between some
pairs of vertices, aswell as graphs with self-loops. Most functions which do not support such graphs

15
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will check their input and issue an error if it is not valid. Those rare functions which do not perform
this check clearly indicate this in their documentation. To eliminate multiple edges from agraph, you
canuse i graph_sinplify().

General conventions of igraph functions

igraph has a simple and consistent interface. Most functions check their input for validity and display
an informative error message when something goes wrong. In order to support this, the majority of
functions return an error code. In basic usage, this code can be ignored, as the default behaviour is
to abort the program immediately upon error. See the section on error handling for more information
on thistopic.

Results are typically returned through output arguments, i.e. pointers to a data structure into which
the result will be written. In almost all cases, this data structure is expected to be pre-initialized. A
few simple functions communicate their result directly through their return value—these functions
can never encounter an error.

Atomic data types

igraph introduces a few aliases to standard C data types that are then used throughout the library.
The most important of these types is igraph_integer t, which is an alias to either a 32-bit or a 64-
bit signed integer, depending on whether igraph was compiled in 32-bit or 64-bit mode. The size of
igraph_integer_t also influences the maximum number of vertices that an igraph graph can represent
as the number of verticesis stored in avariable of typeigraph_integer_t.

Sincethe size of avariable of typeigraph_integer_t may change depending on how igraph iscompiled,
you cannot simply use %@ or % d as a placeholder for igraph integersin pri nt f format strings.
igraph provides the | GRAPH_PRI d macro, which mapstod, | d or | | d depending on the size of
igraph_integer_t, and you must usethismacroin pri nt f format stringsto avoid compiler warnings.

Similarly to how igraph_integer_t mapsto the standard size signed integer in thelibrary, igraph_uint_t
maps to a 32-bit or a 64-bit unsigned integer. It is guaranteed that the size of igraph_integer_t is the
same asthe size of igraph_uint_t. igraph provides | GRAPH_PRI u as aformat string placeholder for
variables of typeigraph_uint_t.

Real numbers (i.e. quantities that can potentially be fractional or infinite) are represented with atype
named igraph_real_t. Currently igraph real t is aways aliased to double, but it is still good practice
to useigraph real_tin your own code for sake of consistency.

Boolean values are represented with a type named igraph_bool _t. It tries to be as small as possible
since it only needs to represent a truth value. For printing purposes, you can treat it as an integer and
use %@ in format strings as a placeholder for an igraph_bool_t.

Upper and lower limits of igraph_integer t and igraph_uint_t are provided by the constants named
| GRAPH_| NTEGER_M N, | GRAPH_| NTEGER _MAX, | GRAPH_UI NT_M Nand | GRAPH_UI N-
T_MAX

The basic interface

Thisisthe very minimal APl inigraph. All the other functions use this minimal set for creating and
mani pulating graphs.
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Thisisavery important principle since it makes possible to implement other data representations by
implementing only this minimal set.

This section lists al the functions and macros that are considered as part of the core API from the
point of view of the users of igraph. Some of these functions and macros have sensible default imple-
mentationsthat simply call some other corefunction (e.g.,i gr aph_enpt y() calsi graph_enp-
ty attrs() with anull attribute table pointer). If you wish to experiment with implementing an
alternative data type, the actual number of functions that you need to replace is lower as you can rely
on the same default implementations in most cases.

Graph constructors and destructors

I gr aph_enpt y — Creates an empty graph with some vertices
and no edges.

i graph_error_t igraph_enpty(igraph_t *graph, igraph_integer_t n, igraph_bool _t |

The most basic constructor, all the other constructors should call thisto create aminimal graph object.
Our use of the term "empty graph" in the above description should be distinguished from the mathe-
matical definition of the empty or null graph. Strictly speaking, the empty or null graph in graph theory
is the graph with no vertices and no edges. However by "empty graph” asusedini gr aph we mean
agraph having zero or more vertices, but no edges.

Arguments:
gr aph: Pointer to a not-yet initialized graph object.
n: The number of verticesin the graph, a non-negative integer number is expected.

di rected: Boolean; whether the graph is directed or not. Supported values are:
| GRAPH_DI RECTED The graph will be directed.

| GRAPH_UNDI RECTED The graph will be undirected.

Returns:
Error code: | GRAPH_EI NVAL: invalid number of vertices.

Time complexity: O(|V|) for agraph with [V| vertices (and no edges).

Example4.1. Fileexanpl es/ si npl e/ creation.c

| graph_enpty _attrs — Creates an empty graph with some ver-
tices, no edges and some graph attributes.

i graph_error_t igraph_enpty_attrs(igraph_t *graph, igraph_integer_t n, igraph_b

Usethisinstead of i gr aph_enpt y() if you wish to add some graph attributes right after initial-
ization. This function is currently not very interesting for the ordinary user. Just supply 0 here or use

i graph_empty().
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This function does not set any vertex attributes. To create a graph which has vertex attributes, call
this function specifying 0 vertices, then usei gr aph_add_verti ces() to add vertices and their

attributes.

Arguments:

graph: Pointer to a not-yet initialized graph object.

n: The number of vertices in the graph; a non-negative integer number is expected.

di rect ed: Boolean; whether the graph is directed or not. Supported values are:
| GRAPH_DI RECTED Create adirected graph.
| GRAPH_UNDI RECTED Create an undirected graph.

attr: The graph attributes. Supply NULL if not graph attributes are to be set.

Returns:

Error code: | GRAPH_EI NVAL: invalid number of vertices.

See also:

i graph_enpt y() to create an empty graph without attributes; i gr aph_add_verti ces()
andi graph_add_edges() toadd vertices and edges, possibly with associated attributes.

Time complexity: O(|V]) for agraph with [V| vertices (and no edges).

| gr aph_copy — Creates an exact (deep) copy of a graph.

i graph_error_t igraph_copy(igraph_t *to, const igraph_t *fronj;

This function deeply copies a graph object to create an exact replica of it. The new replica should be
destroyed by calling i gr aph_dest r oy() on it when not needed any more.

You can aso create a shallow copy of agraph by simply using the standard assignment operator, but
be careful and do not destroy a shallow replica. To avoid this mistake, creating shallow copiesis not
recommended.

Arguments:

t o: Pointer to an uninitialized graph object.

from Pointer to the graph object to copy.

Returns:
Error code.

Time complexity: O(|V|+|E|) for a graph with |V| vertices and |E| edges.

Example 4.2. Fileexanpl es/ si npl e/ i graph_copy. c
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| graph_destr oy — Frees the memory allocated for a graph ob-
ject.

voi d igraph_destroy(igraph_t *graph);

This function should be called for every graph object exactly once.

Thisfunctioninvalidatesall iterators (of course), but theiterators of agraph should be destroyed before
the graph itself anyway.

Arguments:
graph: Pointer to the graph to free.

Time complexity: operating system specific.
Basic query operations

I graph_vcount — The number of vertices in a graph.

i graph_integer _t igraph_vcount(const igraph_t *graph);

Arguments:

graph: Thegraph.

Returns:
Number of vertices.

Time complexity: O(1)

I graph_ecount — The number of edges in a graph.

i graph_integer _t igraph_ecount(const igraph_t *graph);

Arguments:

graph: Thegraph.

Returns:
Number of edges.

Time complexity: O(1)

I graph_i s_directed—Isthis adirected graph?

19



Basic data types and interface

i graph_bool _t igraph_is_directed(const igraph_t *graph);

Arguments:

graph: Thegraph.

Returns:
Logical value, t r ue if the graph isdirected, f al se otherwise.

Time complexity: O(1)

Example 4.3. Fileexanpl es/si nple/igraph_is_directed.c

| gr aph_edge — Returns the head and tail vertices of an edge.

i graph_error_t igraph_edge(
const igraph_t *graph, igraph_integer t eid,
i graph_integer t *from igraph_integer t *to
)
Arguments:
graph: The graph object.
ei d: The edge ID.

from Pointer to an igraph_integer_t. Thetail (source) of the edge will be placed here.

t o: Pointer to an igraph_integer_t. The head (target) of the edge will be placed here.

Returns:

Error code.

See also:
i graph_get ei d() for the opposite operation; i gr aph_edges() to get the endpoints of
severa edges; | GRAPH TQ( ), | GRAPH_FROM ) and | GRAPH_OTHER() for afaster but non-
error-checked version.
Added in version 0.2.
Time complexity: O(1).
| gr aph_edges — Gives the head and tail vertices of a series of
edges.

i graph_error_t igraph_edges(const igraph t *graph, igraph_es t eids, igraph_vec
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Arguments:
graph: The graph object.
ei ds: Edge selector, the series of edges.

edges: Pointer to an initialized vector. The start and endpoints of each edge will be placed here.

Returns:

Error code.

See also:
i graph_get edgel i st () togetthe endpointsof all edges; i gr aph_get ei ds() for the
opposite operation; i gr aph_edge() for getting the endpoints of asingle edge; | GRAPH TQ() ,
| GRAPH_FROM) and | GRAPH_OTHER() for afaster but non-error-checked method.

Time complexity: O(k) where k is the number of edgesin the selector.

| GRAPH _FROM— The source vertex of an edge.

#def i ne | GRAPH_FROM gr aph, ei d)

Faster thani gr aph_edge() , but no error checking is done: ei d is assumed to be valid.
Arguments:

graph: Thegraph.

ei d: The edge ID.

Returns:

The source vertex of the edge.

See also:

i graph_edge() if error checking is desired.

| GRAPH TO— The target vertex of an edge.

#defi ne | GRAPH TQ( gr aph, ei d)

Faster thani gr aph_edge() , but no error checking is done: ei d is assumed to be valid.
Arguments:

graph: The graph object.

ei d: The edge ID.
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Returns:

The target vertex of the edge.

See also:

i graph_edge() if error checking is desired.

| GRAPH_OTHER — The other endpoint of an edge.

#def i ne | GRAPH _OTHER( gr aph, ei d, vi d)

Typically used with undirected edges when one endpoint of the edge is known, and the other endpoint
is needed. No error checking isdone: ei d and vi d are assumed to be valid.

Arguments:

graph: The graph object.

ei d: The edge ID.
vi d: The vertex ID of one endpoint of an edge.
Returns:

The other endpoint of the edge.

See also:

| GRAPH _TQ() and | GRAPH_FROM ) to get the source and target of directed edges.

| graph_get ei d — Get the edge ID from the endpoints of an
edge.

i graph_error_t igraph_get_eid(const igraph_t *graph, igraph_integer_t *eid,
i graph_integer_t from igraph_integer_t to,
i graph_bool _t directed, igraph_bool t error);

For undirected graphsf r omand t o are exchangeable.

Arguments:

graph: The graph object.

ei d: Pointer to an integer, the edge ID will be stored here. If er r or isfalse and no edge
was found, - 1 will be returned.

from The starting point of the edge.

t o: The end point of the edge.

di rected: Logical constant, whether to search for directed edgesin adirected graph. Ignored for
undirected graphs.
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error: Logical scalar, whether to report an error if the edge was not found. If it isfalse, then
- 1 will be assigned to ei d. Note that invalid vertex IDs in input arguments (f r om
ort 0) awaystrigger an error, regardless of this setting.

Returns:

Error code.

See also:

i graph_edge() for the opposite operation, i gr aph_get _al | _ei ds_bet ween() to re-
trieve all edge IDs between apair of vertices.

Time complexity: O(log (d)), where d is smaller of the out-degree of f r omand in-degree of t o if
di rect edistrue. If di r ect ed isfalse, then it is O(log(d)+log(d2)), where d is the same as before
and d2 is the minimum of the out-degree of t 0 and the in-degree of f r om

Example 4.4. Fileexanpl es/ si npl e/ i graph_get _eid.c

Added in version 0.2.

| graph_get ei ds — Return edge IDs based on the adjacent ver-
tices.

i graph_error_t igraph_get eids(const igraph_t *graph, igraph_vector_int_t *eids
const igraph_vector_int_t *pairs,
i graph_bool t directed, igraph_bool t error);

The pairs of vertex IDs for which the edges are looked up are taken consecutively from the
pai r s vector, i.e. VECTOR( pai rs) [ 0] and VECTOR( pai rs) [ 1] specify thefirst pair, VEC-
TOR( pai rs)[ 2] and VECTOR( pai rs) [ 3] the second pair, etc.

If you have a sequence of vertex IDs that describe a path on the graph, use i gr aph_ex-
pand_pat h_t o_pai rs() toconvertthemto alist of vertex pairs aong the path.

If the er r or argument istrue, then it is an error to specify pairs of vertices that are not connected.
Otherwise -1 is reported for vertex pairs without at least one edge between them.

If there are multiple edges in the graph, then these are ignored; i.e. for a given pair of vertex 1Ds,
igraph aways returns the same edge ID, even if the pair appears multipletimesin pai r s.

Arguments:

gr aph: The input graph.

ei ds: Pointer to an initialized vector, the result is stored here. It will be resized as needed.

pairs: Vector giving pairs of vertices to fetch the edges for.

di rected: Logical scalar, whether to consider edge directionsin directed graphs. Thisisignored
for undirected graphs.

error: Logical scalar, whether it is an error to supply non-connected vertices. If false, then

-lisreturned for non-connected pairs.
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Returns:
Error code.

Time complexity: O(n log(d)), where n is the number of queried edges and d is the average degree
of the vertices.

See also:

i graph_get _ei d() forasingle edge.

Example 4.5. Fileexanpl es/ si npl e/ i graph_get _eids.c

I graph_get all eids_bet ween — Returns all edge IDs be-
tween a pair of vertices.

i graph_error_t igraph_get _all _eids_between(
const igraph_t *graph, igraph vector_int_t *eids,
i graph_integer t source, igraph_integer t target, igraph_bool t directed

)

For undirected graphssour ce andt ar get are exchangeable.

Arguments:
gr aph: The input graph.
ei ds: Pointer to an initialized vector, the result is stored here. It will be resized as needed.
sour ce: The ID of the source vertex
target: The ID of the target vertex
di rected: Logical scalar, whether to consider edge directionsin directed graphs. Thisisignored
for undirected graphs.
Returns:
Error code.

Time complexity: TODO
See also:

i graph_get ei d() forasingle edge.

I graph_nei ghbor s — Adjacent vertices to a vertex.

i graph_error_t igraph_nei ghbors(const igraph_t *graph, igraph_vector_int_t *nei:
i graph_nei node_t node);
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Arguments:
graph: Thegraph to work on.

neis: Thisvector will contain the result. The vector should be initialized beforehand and will be
resized. Starting from igraph version 0.4 this vector is always sorted, the vertex IDs are
in increasing order. If one neighbor is connected with multiple edges, the neighbor will
be returned multiple times.

pnode: Theid of the node for which the adjacent vertices are to be searched.

node: Defines the way adjacent vertices are searched in directed graphs. It can have the follow-
ing values: | GRAPH_QUT, vertices reachable by an edge from the specified vertex are
searched; | GRAPH_I N, verticesfrom which the specified vertex isreachable are searched;
| GRAPH_ALL, both kinds of vertices are searched. This parameter is ignored for undi-
rected graphs.

Returns:

Error code: | GRAPH_EI NWVI D: invalid vertex I1D. | GRAPH_EI NVMODE: invalid mode argu-
ment. | GRAPH_ENQOVEM not enough memory.

Time complexity: O(d), d isthe number of adjacent verticesto the queried vertex.

Example 4.6. Fileexanpl es/ si npl e/ i graph_nei ghbors. c

I graph_i nci dent — Gives the incident edges of a vertex.

i graph_error_t igraph_incident(const igraph_t *graph, igraph_vector_int_t *eids
i graph_nei node_t node);

Arguments:

graph: The graph object.

ei ds: An initialized vector. It will be resized to hold the result.

pnode: A vertex ID.

node: Specifies what kind of edges to include for directed graphs. | GRAPH_OUT means only
outgoing edges, | GRAPH_| N only incoming edges, | GRAPH_ALL both. This parameter
isignored for undirected graphs.

Returns:

Error code. | GRAPH_EI NwVI D: invalid pnode argument, | GRAPH_EI NVMODE: invalid node
argument.

Added in version 0.2.

Time complexity: O(d), the number of incident edgesto pnode.

| graph_degree — The degree of some vertices in a graph.
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i graph_error_t igraph_degree(const igraph_t *graph, igraph_vector_int_t *res,
const igraph_vs_t vids,
i graph_nei node_t node, igraph_bool _t | oops);

This function calculates the in-, out- or total degree of the specified vertices.

This function returns the result as a vector of i gr aph_i nt eger _t values. In applications where
i graph_real _t isdesired, usei graph_strengt h() with NULL weights.

Arguments:
graph: Thegraph.

res: Integer vector, this will contain the result. It should be initialized and will be resized to
be the appropriate size.

vi ds: Vertex selector, giving the vertex | Ds of which the degree will be cal culated.

node: Defines the type of the degree for directed graphs. Valid modes are: | GRAPH_OUT, out-
degree; | GRAPH_I N, in-degree; | GRAPH_ALL, total degree (sum of the in- and out-de-
gree). This parameter isignored for undirected graphs.

| oops: Boolean, gives whether the self-loops should be counted.

Returns:

Error code: | GRAPH_EI NWVI D: invalid vertex 1D. | GRAPH_EI NVMODE: invalid mode argu-
ment.

Timecomplexity: O(v) if | oops ist r ue, and O(v*d) otherwise. v isthe number of verticesfor which
the degree will be calculated, and d istheir (average) degree.

See also:
i graph_strength() for the version that takes into account edge weights; i gr aph_de-

gree_1() toefficiently compute the degree of asingle vertex; i gr aph_naxdegr ee() if you
only need the largest degree.

Example4.7. Fileexanpl es/ si npl e/ i graph_degree. c

| graph_degree_1 — The degree of of a single vertex in the
graph.

i graph_error_t igraph_degree _1(const igraph_t *graph, igraph_integer t *deg,
i graph_integer t vid, igraph_neinode_t node, igr:

This function calculates the in-, out- or total degree of a single vertex. For asingle vertex, it is more
efficient than calling i gr aph_degr ee() .

Arguments:
graph: Thegraph.

deg: Pointer to the integer where the computed degree will be stored.
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vi d: The vertex for which the degree will be cal culated.

node: Defines the type of the degree for directed graphs. Valid modes are: | GRAPH_QOUT, out-
degree; | GRAPH_| N, in-degree; | GRAPH_ALL, total degree (sum of the in- and out-de-
gree). This parameter isignored for undirected graphs.

| oops: Boolean, gives whether the self-loops should be counted.

Returns:

Error code.

See also:
i graph_degr ee() tocompute the degree of several vertices at once.

Time complexity: O(1) if | oops ist r ue, and O(d) otherwise, where d is the degree.

Adding and deleting vertices and edges

| graph_add_edge — Adds a single edge to a graph.

i graph_error_t igraph_add _edge(igraph_t *graph, igraph_integer_t from igraph_i

For directed graphs the edge pointsfromf r omtot o.

Note that if you want to add many edgesto abig graph, then it isinefficient to add them one by one, it
is better to collect them into a vector and add all of them viaasinglei gr aph_add_edges() cal.

Arguments:

i graph: Thegraph.

from Theid of the first vertex of the edge.
t o: Theid of the second vertex of the edge.
Returns:
Error code.
See also:

i graph_add_edges() to add many edges, i gr aph_del et e_edges() to remove edges
andi graph_add_verti ces() toadd vertices.

Time complexity: O(|V|+|E|), the number of edges plus the number of vertices.

| graph_add_edges — Adds edges to a graph object.

i graph_error_t igraph_add_edges(i graph_t *graph, const igraph_vector_int_t *edg
void *attr);

27



Basic data types and interface

The edges are given in a vector, the first two elements define the first edge (the order isfrom t o
for directed graphs). The vector should contain even number of integer numbers between zero and
the number of vertices in the graph minus one (inclusive). If you also want to add new vertices, call
i graph_add_vertices() first.

Arguments:
graph: Thegraph to which the edges will be added.
edges: The edgesthemselves.

attr: The attributes of the new edges. You can supply a null pointer here if you do not need
edge attributes.

Returns:

Error code: | GRAPH_EI NVEVECTOR: invalid (odd) edges vector length, | GRAPH_EI NwVI Dt
invalid vertex ID in edges vector.

This function invalidates al iterators.

Time complexity: O(|V[+|E]) where |V| is the number of vertices and |E| is the number of edgesin the
new, extended graph.

Example 4.8. Fileexanpl es/ si npl e/ creation.c

| graph_add _verti ces — Adds vertices to a graph.

i graph_error_t igraph_add_vertices(igraph_t *graph, igraph_integer_t nv, void *

This function invalidates all iterators.

Arguments:

graph: Thegraph object to extend.

nv: Non-negative integer specifying the number of vertices to add.

attr: The attributes of the new vertices. Y ou can supply a null pointer here if you do not need
vertex attributes.

Returns:
Error code: | GRAPH_EI NVAL.: invalid number of new vertices.

Time complexity: O(|V|) where |V| is the number of vertices in the new, extended graph.

Example 4.9. Fileexanpl es/ si npl e/ creation.c

| graph_del et e_edges — Removes edges from a graph.

i graph_error_t igraph_del ete _edges(igraph_t *graph, igraph_es t edges);
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The edges to remove are specified as an edge selector.

This function cannot remove vertices, vertices will be kept even if they lose all their edges.
This function invalidates all iterators.

Arguments:

graph: The graph to work on.

edges: Theedgesto remove.

Returns:
Error code.

Time complexity: O(|V|+|E[) where V| and |E| are the number of vertices and edges in the original
graph, respectively.

Example 4.10. Fileexanpl es/ si npl e/ i gr aph_del et e_edges. c

| graph_del et e_verti ces — Removes some vertices (with all
their edges) from the graph.

igraph_error_t igraph_delete vertices(igraph_t *graph, const igraph vs_t vertic
This function changes the I Ds of the vertices (except in some very special cases, but these should not
be relied on anyway).
This function invalidates all iterators.
Arguments:
gr aph: The graph to work on.
vertices: ThelDsof the verticesto remove, in avector. The vector may contain the same ID
more than once.

Returns:

Error code: | GRAPH_EI NWI D: invalid vertex ID.

Time complexity: O(|V|+|E]), [V| and |E| are the number of vertices and edgesin the original graph.

Example4.11. Fileexanpl es/ si npl e/ i graph_del ete_vertices.c

| graph_del ete_vertices_i dx — Removes some vertices (with
all their edges) from the graph.

i graph_error_t igraph_delete vertices_idx(
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i graph_t *graph, const igraph_vs_t vertices, igraph_vector_int_t *idx,
i graph_vector_int_t *invidx

This function changes the | Ds of the vertices (except in some very special cases, but these should not
be relied on anyway). You can use the i dx argument to obtain the mapping from old vertex IDs to
the new ones, and the newi dx argument to obtain the reverse mapping.

Thisfunction invalidates all iterators.
Arguments:
graph: The graph to work on.

vertices: ThelDsof the verticesto remove, in avector. The vector may contain the same ID
more than once.

i dx: An optional pointer to avector that provides the mapping from the vertex 1Ds before
the removal to the vertex IDs after the removal, plus one. Zero is used to represent
vertices that were removed during the operation. You can supply NULL here if you
are not interested.

i nvi dx: An optional pointer to a vector that provides the mapping from the vertex 1Ds after
the removal to the vertex IDs before the removal. Y ou can supply NULL here if you
are not interested.

Returns:
Error code: | GRAPH_EI NWI D: invalid vertex ID.

Time complexity: O(|V|+|E]), V| and |E| are the number of vertices and edgesin the original graph.

Example4.12. Fileexanpl es/ si npl e/ i graph_del ete_vertices.c

Miscellaneous macros and helper functions

| GRAPH_ VCOUNT _MAX — The maximum number of ver-
tices supported in igraph graphs.

#defi ne | GRAPH_VCOUNT _MAX

The value of this constant is one less than | GRAPH | NTEGER _MAX . When igraph is compiled in
32-bit mode, this means that you are limited to 23 — 2 (about 2.1 billion) vertices. In 64-bit mode, the
limit is 2%® — 2 so you are much more likely to hit out-of-memory issues due to other reasons before
reaching this limit.

| GRAPH ECOUNT _MAX — The maximum number of
edges supported in igraph graphs.

#def i ne | GRAPH_ECOUNT _MAX
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The value of this constant is half of | GRAPH | NTEGER MAX . When igraph is compiled in 32-hit
mode, this means that you are limited to approximately 2°° (about 1.07 billion) vertices. In 64-hit
mode, the limit is approximately PACESS you are much more likely to hit out-of-memory issues due to
other reasons before reaching this limit.

| graph_expand_path_to_pai rs — Helper function
to convert a sequence of vertex IDs describing a path
into a "pairs" vector.

i graph_error_t igraph_expand_path_to_pairs(igraph_vector_int_t* path);

This function is useful when you have a sequence of vertex IDs in a graph and you would like to
retrieve the IDs of the edges between them. The function duplicates al but the first and the last ele-
ments in the vector, effectively converting the path into a vector of vertex 1Ds that can be passed to
i graph_get _eids().

Arguments:

pat h: the input vector. It will be modified in-place and it will be resized as needed. When the
vector contains less than two vertex IDs, it will be cleared.

Returns:

Error code: | GRAPH _ENQVEMIf there is not enough memory to expand the vector.

i graph_inval i dat e_cache — Invalidates the inter-
nal cache of an igraph graph.

voi d igraph_invalidate_cache(const igraph_t* graph);

igraph graphs cache some basi ¢ properties about themselvesin an internal datastructure. Thisfunction
invalidates the contents of the cache and forces arecal culation of the cached properties the next time
they are needed.

Y ou should not need to call this function during normal usage; however, we might ask you to call
this function explicitly if we suspect that you are running into a bug in igraph's cache handling.
A tell-tale sign of an invalid cache entry is that the result of a cached igraph function (such as
i graph_i s_dag() ori graph_i s_si npl e())isdifferent beforeand after acacheinvalidation.

Arguments:

graph: Thegraph whose cacheisto be invalidated.

Time complexity: O(1).
i graph_i s _sane_graph — Are two graphs identical
as labelled graphs?
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i graph_error_t igraph_is_same_graph(const igraph_t *graphl, const igraph_t *gra

Two graphs are considered to be the same if they have the same vertex and edge sets. Graphs which
are the same may have multiple different representations in igraph, hence the need for this function.

This function verifies that the two graphs have the same directedness, the same number of vertices,
and that they contain precisely the same edges (regardless of their ordering) when written in terms of
vertex indices. Graph attributes are not taken into account.

This concept is different from isomorphism. For example, the graphs 0-1, 2-1and1-2, 0-1
are considered the same because they only differ in the ordering of their edge lists and the ordering
of vertices in an undirected edge. However, they are not the same as 0- 2, 1- 2, even though they
are isomorphic to it. Note that this latter graph contains the edge 0- 2 while the former two do not
— thustheir edge sets differ.

Arguments:
graphl: Thefirst graph object.

graph2: The second graph object.

res: The result will be stored here.
Returns:
Error code.

Time complexity: O(E), the number of edges in the graphs.
See also:

i graph_i sonor phi c() totestif two graphs are isomorphic.
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Chapter 5. Error handling

Error handling basics

igraph functions can run into various problems preventing them from normal operation. The user
might have su