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Network analysis of thelslendinga ségur— the Sagas of Icelanders
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Thelslendinga séguk- or Sagas of Icelanders — constitute a collection of metlgesature set in Iceland
around the late 9th to early 11th centuries, the so-c&8kegh Age They purport to describe events during the
period around the settlement of Iceland and the generaitiom&diately following and constitute an important
element of world literature thanks to their unique narmatstyle. Although their historicity is a matter of
scholarly debate, the narratives contain interwoven aedapping plots involving thousands of characters and
interactions between them. Here we perform a network aisabjsheislendinga sdguin an attempt to gather
guantitative information on interrelationships betwedaracters and to compasaga societyo other social
networks.

I. INTRODUCTION ing us to create a large, mostly geographically and temlyoral
localised social network. Our aim is to determine stattic

The fslendinga sgur or Sagas of Icelanders, are proseproperties of the saga society in a similar manner to the stud

texts describing events purported to have occurred inicela 'szfgf E%gicsrl]g?g?;ﬁgl ﬁzgv[jr]lgic:%n ?fdtf\]/v?cr)f: gx
in the period following its settlement in late 9th to the garl ’ . !

11th centuries. Itis generally believed that the texts weie ample. We also compare the social networks underlying the

ten in the 13th and 14th centuries by authors of unknown ol,slendingasbguto each other and to random networks to give

uncertain identities but they may have oral prehistory. The'N'que insights into an important part of our cultural rege.

texts focus on family histories and genealogies and reflect Im the ne>f.t section, we p:gsent a brief overview f the
struggles and conflicts amongst the early settlers of Icelan!Siendinga ségutto contextua ISe our report, In Sectifiil
and their descendants. The sagas describe many events'i§ 9ather the network-theoretic tools which are centralio o

clear and plausible detail and are considered to be among@PproaCP'dThe analysis itself is presented in Sedand
the gems of world literature and cultural inheritance. we conclude in Sectidi}

In recent times, statistical physicists and complexityothe
rists have provided quantitative insights into other dikoes,

especially ones which exhibit collective phenomena emeyrgi Il.  SAGAS OF THE ICELANDERS
from large numbers of mutually interacting entities. In-par
ticular, a first application of network theory to the anadysf The Sagas of Icelandersomprise an extensive corpus of

epic literature appeared in Ref| [1]. There, the networlicstr  medieval literature “as epic as Homer, as deep in tragedy as
tures underlying societies depicted in three iconic Euaope Sophocles, as engagingly human as Shakespéﬂe” [15]. We
epic narratives were compared to each other, as well asl{o regjathered data for 18 sagas and tales from the foundation of
imaginary and random networks. A survey of other multidis-|celandic literature. In addition to the longest and peghap
ciplinary and interdisciplinary studies of complex neth®r most famousNjals sagalll€], we analysed the 17 narratives
is contained in Ref.[[Z]. Different classes of networks havecontained inThe Sagas of Icelanders: a Select[ﬁ]. There
been identified according to various properties in a manneis considerable overlap between the various texts and the 18
akin to the classification of critical phenomenainto undatr  selected narratives depict a sizeable proportion of thizeent
ity classes in statistical physics [3, 4]. Such empiricati#s  saga society. Indeed, the combined saga society contained i
have shown that social networks, in particular, usuallyehav the set of 18 tales comprises 1,549 individuals. Of thess tal
distinguishing properties; they tend to be small world andNjals saga(Njal's Sagd, Vatnsdeela sagéSaga of the People
are well described by power-law degree distributiohs Iyt of Vatnsda), Laxdeela saggSaga of the People of Laxardal
have high clustering coefficients [6], are often structyradl- Egils saga SkallagrimssondEgil's Sagg and Gisla saga
anced|[[7], tend to be assortatively mixed by degtée [8], andirssonar(Gisli Sursson’s Sagaeach have over 100 char-
exhibit community and hierarchical structurgs([9, 10]. Whi acters. We examine these individually in order to compare
each of these properties is not unique to social networky, th different types of saga and collectively to gain insighoittte
are all commonly found in them and are hence characterististructure of the overall saga social network.
of them. The three epic narratives analysed in Ref. [1] ekhib  Njals sagais widely regarded as the greatest of the prose
some or all of these properties to varying degrees. literature of Iceland in the Middle Ages and more vellum
Here we report upon a network analysis of thagas of manuscripts containing it have survived compared to angroth
Icelanders- the so-calledaga society11]. Amongst ancient sagal([17]. It also contains the largest saga-society n&twor
narratives, thdslendinga sdgumpresent an especially inter- (see Tabl#). The epic deals with blood feuds, recounting how
esting case study because they purport to take place overnainor slights in the society could escalate into major inci-
relatively short time period (namely around and followihgt dents and bloodshed. The events described are purported to
settling of Iceland) and they contain an abundance of charadake place between 960 and 1020 AD and, while most archae-
ters, many of whom appear in more than one narrative, allowelogists believe the major occurrences described in tha sag
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Saga N M (k) kmax 14 lrand  Pmax C  Crana S Go A

Gisla Saga 103 254 49 44 3.4 2.9 11 0.6 0.05 10.8  98% 9%

Vatnsdeela Saga 132 290 4.4 31 3.9 3.3 10 0.5 0.03 12.7 97% 2%

Egils Saga 293 769 5.3 59 4.2 3.4 12 0.6 0.02 255 97% 5%

Laxdeela Saga 332 894 5.4 45 5.0 3.5 16 0.5 0.02 19.0 99% 6%

Njals Saga 575 1612 5.6 83 5.1 3.7 24 0.4 0.01 31.0 100% 10%
Amalgamation of 5| 1285 3720 5.8 83 5.2 4.1 16 0.5 0.005 804 99% 7%
Amalfamation of 18 1549 4266 5.5 83 5.7 4.3 19 0.5 0.004 987 99% 7%

TABLE I. Properties of the full networks for five major sagés, the amalgamation of the five sagas, and for the amalgamaefiall the data
we gathered from 18 sagas. He¥eand M are the numbers of vertices and edges, respectiyk)yandk..x are the average and maximum
degrees. The average path length &1d/,.nq is the equivalent for a random network of the same size angealegree, whilé,, . is the
longest shortest path. The clustering coefficigtitand C.nq are for the saga network and a random network of the same isizaeerage
degree. S is the small world-ness, exceedingf the network is small world. The size of the giant componasta percentage of the total
network size is denoted b~ and A is the percentage of closed triads with an odd number ofledstks.

to be probably historically based, there are clear elemants ken consensus” throughout the texts concerning the make-up
artistic embellishmentLaxdeela Sagaells of the people of of the saga society: the main characters in one text appear as
an area of western Iceland from the late 9th to the early 11timinor ones in another, giving the impression of an actuatsoc
century. It has the second highest number of preserved mety. More recently, however, historians have viewed thasag
dieval manuscripts and also contains the second largest nehore critically. While some view the sagas as containing ro-
work. Vatnsdeela Sagis essentially a family chronicle, fol- manticised butimportant elements of history, others diset
lowing the settling of Ingimund, the grandson of a Norwegianthem as pure fiction, without any historical value.

chieftain, in Iceland with his family until the arrival of @- An extensive discussion on the historical reliability o th
tianity in the late 10th centur§egils Sagdells of the exploits  yarious sagas is contained in Réf.J[18]. It is suggested that
of a warrior-poet and adventurer. The story begins in Norwayhey may be fiction framed in such a way as to appear his-
with Egil's grandfather and his two sons. After one of them iStorical to the modern reader. However, even if the events are
killed, as a result of a dispute with the king, the family leav  fictional, they may play out against a backdrop which inciide
to settle in Iceland. The latter part of the story is aboutifee g5 history. In other words, the society may have been pre-
of Egil himself. Gisla Sagds an outlaw narrative centred on seryed in its essentials by oral tradition, while the evemdy
human struggles, as the eponymous character is “on the rute fictional. Indeed, while it is also suggested that the-soci

for 13 years before being finally k_illed. It is_ set in the perio ety presented in such family sagas may be non-fictional, it is
940-980 AD. There are two versions of this and we use thgamented that it is “almost impossibly difficult” to distingsh

version translated by Regal in Ref. [15]. fact from fiction in such sagals [18].

The latter story of an outlaw is mostly centred on one char- |herpretative investigations such as that appearing in
acter rather than on a society :_;md in this sense it is quite difRef. [18], and indeed in 200 years of scholarly examination
]“erent to the ?ther sagas conS|d“ered_ here. Itis classed as gpihe islendinga ségurtend to address questions surround-

outlaw saga” as opposed to a “family sagegils Sagas  ng events and individuals. Here we focus instead upon the
also noteworthy in that a significant proportion of it is S8t0  g|ationships between the characters depicted in the, tiets
side Iceland, beginning in Norway with the protagonistf®fa  ¢qjjection of which provides a spotlight onto the society de

ily, where about a third of the saga’s characters first appeapjcted therein. We present results from a network analyfsis o
Later in the story Egil travels to Norway amongst other piace e jslendinga ségurand show that the societal structure is
Therefore the network contains overlapping social stmeéstu  gimilar to those of real social networks.

rather than a single coherent ortegils saga moreover, con-
tains a greater amount of supernatural elements than most of
the sagas, though this is mostly contained in the prologue.
Eqgils sagais classed both as a “poet's saga” and a “family

saga”. We will return to these observations in due course. . COMPLEX NETWORKS
The narrative technique employed in the sagas is notable in
that they are objective in style. Partly because of this,taed In statistical physics, a social network is a graph in which

manner in which they are presented as chronicles, the sagssrtices represent individuals, and edges representasiter
were widely accepted as giving more or less accurate and déons between them. Edges are often undirected, reflecting
tailed accounts of early Icelandic life (obvious superrgtu a commutative nature of social interactions. Tdegreek;
elements notwithstanding). The family sagas in particidar of an individuali represents the number of edges linking that
corpus of almost 50 texts, are remarkable for their consiste  vertex to other nodes of the network. The average path length
As discussed in Ref. [18], it is almost as if there is an “unspo ¢ is the average number of edges separating two vertices. The



Saga Full network Friendly network
y Tk ro n Q vy Tk ro n Q

Gisla saga 2.6(1) -0.15(5) 0.01(7) 7 0{4 2.6(1) -0.14(5) 0.02(7) 9 0.5
Vatnsdeela saga 2.7(2) 0.00(6) 0.08(6) 5 0|5 2.8(1) 0.00(6) 0.10 (6) 5 0.6
Egils saga 2.8(1) -0.07(3) 0.28(4) 5 0(7 2.8(1) -0.03(4) 0.35(4) 6 0.7
Laxdezela saga 2.9(2) 0.19(4) 0.25(4) 12 06 2.9(1) 0.21(4) 0.29 (4) 9 0.6
Njals saga 2.5(1) 0.01(2) 0.12(3) 12 03 2.6(1) 0.07(3) 0.21 (3) 11 03
Amalgamation of 5 2.8(2) 0.05(2) 0.17(2) 6 0|7 2.9(1) 0.09(2) 0.23(2) 8 0.6
Amalgamation of 18  2.9(1) 0.07(2) 0.17(2) 9 0(7 2.9(1) 0.11(2) 0.22 (2) 1 0.7

TABLE II. The estimates for the exponenfor the various networks from fitting to EQJ(3) and the asstivity coefficients, andrc measured
by degree and clustering. Herejs the number of communities when the modulatityeaches a plateau.

clustering coefficienof vertexi is given by If it were valid over the entire range of possildlevalues, so

that knin = 1, normalisation would require < 2 and an
(1) expected mean degree which diverges. However the average
ki(ki — 1) degrees of these networks are not large, therefore we @mnsid
it reasonable to usk,,;;, = 2. This approach excludes periph-
eral nodes from the fit to E@) only; it does not remove any
nodes from the network itself.

Ci _ 2’1%

wheren; is the number of edges linking tte neighbours of
vertexi [3]. In a social network(”; measures the proportion
of an individual’'s acquaintances who are mutually acqeaint
Topologically, it is the proportion of triads having nodas _ ]
a vertex, which are closed by edges. Thean clustering The mean degree over thé nodes of a network is defined
coefficientC' of the entire network is obtained by averaging &S

Eq. (@ over all NV vertices.

N
A network is said to besmall world if its average path (k) = 1 Zki’ (4)
length/ is similar to that of a random gragh,,.q of the same N i=1

size and average degree, and the average clustering cerffici

of the networkC' is much larger than that of the same random@nd the second moment as

graphCi.ng [3]. A recent suggestion for a quantative deter-

N
mination of small world-ness is 2y _ 1 2
() = 5 2 K- (5)
g — C/Crand (2) =t
0/ lana If k., andk,., are the degrees of the two vertices at the ex-

tremities of an edge, the mean degree of vertices at the end

and the network is small world § > 1 [19]. of an edge over tha/ edges is

In keeping with our previous analysis [1], we may distin-

guish between friendly (positive) edges, in which the retat B 1 M
ships may be characterised by friendship, discussion lfjami k= By (key + ke, ), (6)
connection, etc., and hostile (negative) edges, whichiwevo e=1

physical conflict. Structural balances the tendency to dis-
favour triads with an odd number of hostile edges and is re
lated to the notion that ‘the enemy of an enemy is a friend’

and the meané:) andk are related through

2
[20,[21]. Examples of structural balance were recently €bun k= @ (7
in systems as diverse as the international relations obmgti (k)
I[lznﬂ gggéhﬁ]soc'al network of a large-scale, multiplayer, o The degree assortativityor the M edges of an undirected
e - ) graphis
Denotingp(k) as the probability that a given vertex has de-
greek, it has been found that the degree distribution for many 1 M (e, — F)(ke, — F)
complex networks follows a power lawk) ~ &k~ for a pos- ™= 37 Z L 5 2 , (8)
itive constanty, so that e=1 7
P(k) ~ kL, (3) in which

M 1/2
e = 1 B B
for the complementary cumulative g|§trlbutlon functio®]2 o Z(kel B2 4 (he, — F)? )
Eq. [3) usually starts at some minimum degieg, [24].
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FIG. 1. The cumulative degree distributions for the five majgas with power-law fits to EQI(3) usihg, = 2. The degree-distribution
descriptions oEgils sagaandVatnsdaela sage Panel (a) are similar, as are those fjéls SagaandGisla sagan Panel (b). Panel (c) shows
Laxdeela sagé#s different to the other four with the dashed and dottedslirpresenting power-law and exponential fits, respegtivel

normalisesr;, to be between-1 and1 [E] If r, < 0the  E,;, of which are the proportions of all edges in the full net-
network is said to be disassortative and-if > 0 it is as-  work that link nodes in community to nodes in community
sortative. One may also define tbleistering assortativity ¢ b. DenotingF, = ", E,, the modularity is then defined by
by replacing the node degreés by their clustering coeffi-
cientsC; in Eq.[8. The statistical errors can be calculated Q= Z(Em — F?). (12)
using the jackknife method [R5, 126]. It has been suggested a
that networks other than real social networks tend to be dis
assortatively mixed by degreg [6]. Real-world networks ar
also found to have high clustering assortativity and it has
been suggested that this also indicates the presence of co
munities [27].

It has also been suggested that if the clustefindecreases

if the structure comprises of only one community, such as typ
Scally the case for a random netword, is close to zero. At
the other extreme, if the network is partitioned inteparcely
tRter-connected communities each containing approxiipate
M/n edges, therE,, ~ 0q/n and F, =~ Ey, ~ 1/n, SO
e ) that@ ~ 1 — 1/n. Thus, although modularity is bounded by
as a power of the degrde, the network ishierarchical [1.0]. Q = 1 for largen, it is typically between about.3 and0.7 in

In practise however, a power-law may not describe the datgqia| networks with varying degrees of community strugtur
well (see Refs[[13, 28] for example). Nonetheless, a decajgy)

signals that high degree vertices tend to have low clugerin
In many sub-communities such nodes play an important role
in keeping the entire network intact.

The betweenness centralitf a given vertex is a measure IV. . NETWORKS ANALYSIS OF THE SAGAS
of how many shortest paths (geodesics) pass through that nod
[IE] It therefore indicates how influential that node is e t In Tabledl] andl the sagas are listed in order of network

sense that vertices with a high betweenness control the flogize and their properties tabulated for comparison. The ave
of information between other vertices. dfi, j) is the num-  age degreék) of the network can be calculated by EH) (
ber of geodesics between nodeend j, and if the number of  or simply by 21//N, the factor2 entering because the net-
these which pass through nodles o;(i, j), the betweenness works are undirected. The longest geodesic (longest Storte

centrality of vertex is path) is/max. In the tablelang and Cyang are the average
o path length and clustering coefficient of a random network of
g = 2 Z Ul(_@’?) _ (10) the same size and average degree as that of the given saga or
(N =1V =2) &= o(i,j) amalgamation of sagas. The size of the giant component of

the network as a percentage of its total siz&is. The quan-

The normalisation ensures that = 1 if all geodesics pass tity A is the percentage of triads with an odd number of hostile
through nodd. An expression analogous to EAJ{ can be links. In Tabldll] the exponeny is estimated from a fit to the
developed for edges to determine tdge betweenness cen- power-law degree distributiof3).
trality. The average degree for each major network is similar, at

Many social networks have been found to contain commuabout 5. In each casé,is comparable to, or slightly larger
nity structure[[]. Here we follow Girvan and Newman and than/,and, C' > Crana andS > 1, as commonly found in so-
identify edges with the highest betweenness as these tend ¢l networks. This is themall-world property. Each saga
connect such communities [30]. Repeated removal of theseetwork has a giant connected component comprising over
edges breaks the network down into a number of smalle97% of the characters in the networks which means that there
components. To optimisen, we investigate thenodular-  are very few isolated characters in the societies as padray
ity Q [31]. We defineE to be ann x n matrix, the elements  in these five sagas.



FIG. 2. (a) The network oEgils sagadrawn using the Fruchterman-Reingold algorithn) [32]. Mes coloured red represent characters who
appear in the first part of the narrative while blue indichtese who appear during Egil’s lifetime. (b) The communityoaithm successfully
separates the two time periods despite some central chesdaing in both parts of the story.

The high clustering coefficients exhibited in each networkand then later with the life of Egil, beginning in Iceland and
signal large numbers of closed triads. For each networlemund following his travels throughout his life. Therefore thet-ne
10% of these triads contain odd numbers of edges. This meamgrk contains various social structures rather than a singl
that odd numbers of hostile interactions are disfavouretl ancohesive one. We can use community detection algorithms to
the saga societies are structurally balanced. investigate this.

Community structure is a prevalent feature of social net-
works. We use Eq[IQ) to identify the edges with the highest
betweenness and the Girvan-Newman algorithrh [30] to break
the networks down into smaller components, monitoring the
efnodularity through Eq[Id). The algorithm is halted when
the modularity@ first reaches a plateau. Community detec-
tion is particularly interesting foEgils Sagaas, unlike the
other narratives, a significant portion occurs outsidealee!

In Fig.[2 the Egils network is displayed, with red indicating
characters which appear before Egil's father leaves Norway
and blue indicating characters who appear after this. Panel
. ) I’('a) displays the entir&gils network. The modularity value
in the range < ~ < 3 as usually found for social networks. reaches a plateau @ ~ 0.7 with n — 5 and severs 53 edges.

We next turn our attention to an analysis of assortativityas can be seen in Fi@(b), this separates the two time pe-
and community structuresl_.axdaela sagdias a strongly as- yioqs. The sizes of the components are 112, 73, 61, 20 and
sortative societal networljals sagaandVatnsdeela sagare g

mildly assortative. Onlyzisla saga Surssonas strongly dis-

assortative like the small number of fictional networks so fa  The networks each exhibit clustering assortativity (sig-
analysed in the literaturel[1. 112,/ 13]. As mention earliewho nalled byr. > 0). This is also a common feature of real-
ever, this story is centred on a single protagonist's exploi \orld networks, both social and non-soclall[27]. In Ref]J[27
instead of a Iarger SOCiety. This is reflected in the fact tihet itis also Suggested that a h|gh Va|ue«@fis a potentia| indica-
protagonist’s degree:(= 44) is almost twice that of the next  tor for the presence of communitieggils sagaandLaxdzela

highest linked charactei (= 25) and may account for the sagaindeed have highc-values and contain strong commu-
high disassortativity. nity structure.

Egils saga Skallagrimssonappears mildly disassortative.
As stated earlier, it is sometimes classed as a poet’s saga in In summary, the five individual major sagas havealues
stead of (or as well as) a family sagal[15]. It is interestimg t characteristic of many social networks studied in theditere
note that the assortativity falls between that of the famélgas  and have varying degrees of assortativity. Although thege a
and an outlaw saga. Itis set in two different time periods, in differences in detail between the networks of these 5 sagas,
tially in Norway with the protagonist’s father and grantifat,  they also have many common features.

A. Individual major sagas

The complementary cumulative degree distributions for th
five individual sagas are plotted in Fil§. The~ values for the
various data sets fall in the ranges <~ < 2.9 with the full
networks and the friendly subset giving similar values. How
everLaxdaela sagés better fitted by an exponential distribu-
tion of the formp(k) ~ exp (—k/x), which delivers an esti-
matex = 5.5+0.1. The power-law estimates indicate that the
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The secondary, inset panel of HRjdepicts the mean clus-
10° . ‘ ‘ tering per degree; (k). The decay may be interpreted as in-
. dicating that high degree characters connect cliquesngjivi
., evidence of hierarchical structute [13] 28].

We next break the amalgamated network back down to see
if we can separate the distinct sagas. Again, we do this by re-
‘«.“’ moving the edges of highest betweenness. This process gives

’c\. an indication as to how interconnected the networks areeSin

\ | there are five major sagas, we break the amalgamated network
e \ down until it has five large components. These have sizes 670,
& A ‘{&‘ 230, 136, 129, and 105, which are not dissimilar to the sizes o
. ". ?, each original network (Tab[B. Of the five emergent commu-
0 ] nities, those corresponding Egils saga Vatnsdeela sagand
W'k ‘ Gisla sageemerge over 80% intact — see TaHlé However,
10° 10* 10? the breakdown to five components delivéys= 0.5 and fails
k to separate the societies Mfals sagaandLaxdeela sagas,
not only are there multiple characters that appear in bath, b

gamation of five major sagas. The dotted line represents arplauy these characters often interact with different people ichea

fit with an exponential cut-off. The mean clustering coeéfitiper narrative. » ]
degree is displayed in the inset panel for the same network. To separatdljals sagaandLaxdeaela sagaone more step is
required. Indeed, the modularity for the full network reash

a plateau aih = 6 communities with) ~ 0.7. the largest

component now contains 463 characters, 91% of which are
B. Amalgamation of major sagas from Njéls saga The third largest component contains 207

characters, 80% of which are frobaxdeela sagaHowever,

The network statistics for the amalgamation of the five ma-the latter society emerges Sp.“,t Into wo separate comagnen
The large overlap betwed\tjals sagaandLaxdeela sag#s

jor sagas are also given in Tablgandlll This amalgamated ible in th K : ¢ he fi

network has 1,283 unique characters, only 15 of which do noYiSibl€ in the network representation of f.In the figure,

appear in the giant connected component. Twelve per-cent aracters from_each of the five major sagas are colour C(_)ded.

characters in the amalgamated network (152 characterg in al _he (l:haracte_rsllhaxdaela sagappear the most scattered in-
ating that it is more weakly connected than some of the

appear in more than one of these major sagas. Of these, ; :
characters appear in three sagas and only one, Olaf Feilan, &2ther sagas. This offers a potential new way to measure over-
aps between sagas, an issue which has been discussed in the

pears in 4, despite only having a degreé ef 13 in total. No ;
character makes an appearance in all five sagas. literature [17].34].
Tabledll and[l indicate that the properties of the amalga-
mated network are similar to thoseNjals sagaindividually.
The average degrég) increases reflecting the strong overlap C. Amalgamation of all 18 sagas
between the characters in these sagas. The amalgamated net-
work also has similar properties to real social network$at t Finally we amalgamate all 18 sagas and tales for which
itis small world, structurally balanced, the degree disttion  data were harvested. The statistical properties are again g
may be described by a power law with exponent between #h Tables]] andlll When all 18 sagas are amalgamaté
and 3, and it is assortative. decreases slightly relative to the corresponding valueter
The highest degree charactersNjals sagaremain the amalgamation of only the five major sagas, signalling that
highest degree characters in the amalgamated network.-More
over, unlike some of the lower degree characters, theiresegr
tend not to change on amalgamation as no new interactionsComponent Main Secondary
involving them appear. Therefore the amalgamation processsjze society society

increases the proportion of low-degree characters ovér-hig 670 67% inNjals saga 30% inLaxdzela Saga
degree characters relative kjals saga leading to a faster

-1 |
10 .

(k)

107 b

10° b

FIG. 3. The cumulative degree distribution (main panel}tfieramal-

decrease of the degree distribution in the tail of Bign fact, 230 85% !nEglls saga 15% n NJ_?ls Saga

it is sometimes found for large networks that a cut-off fagthi 136 82% inVatnsdeela sagd 3% inNjals Saga

degrees may be introduced in exponential fdrm [33], so that 129 59% inLaxdeela saga 51% inNjals Saga
105 85% inGisla saga 18% inLaxdeela Saga

P(k) ~ ke R/, (12)
TABLE lIl. Percentages of characters from different sagésctv
In Fig.B(a), this fitis displayed with = 2.1+0.2, k = 2643. emerge when the amalgamated network is broken into 5 compmne
Ref. [23] contains a list of exponents and corresponding cutNote that the percentages can sum to more than 100 as theskagas
offs for distributions of this type in a range of social netk@  characters.
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FIG. 4. Network for the amalgamation of the five major sagas@lour online). White nodes represent characters whoaappenore than
one saga. There is a large overlap of characters frardeela sag@green) and\jals saga(red).

there are numerous low degree characters added to the nemly about 20 or 30 characters, some whom appear in more
work. For the amalgamation of 18 sagas, the network is agaithan one narrative. The difficulty in separating them reflect
small world, structurally balanced, hierarchical and #asso the inter-connectedness of trséendinga ségur

tive. The giant component contains 98.6% of the 1,547 unique

characters.
Complex networks are often found to be robust to ran- D. Comparisons to other networks
dom removal of nodes but fragile to targetted removal (for an
overview of network resilience sée [14] 23]). To test itsusth The five individual saga networks have many properties of

ness we remove characters starting with those of highest deeal social networks — they are small world, have high clus-
gree or betweenness. We also remove characters randomly. #ing coefficients, are structurally balanced and corgatm

the latter case, we report the average effects of 30 reialisat  communities. Most are well described by power-law degree
of random removal of nodes. Like other social networks thegistributions, and the family sagas, in particular, have-no
amalgamation is robust when nodes are randomly removegegative assortativity.

removing 10% of the nodes (155 characters) leaves the giant |n Ref. [1], we studied the properties of networks assodiate
component with 94% of the characters in the network on avwith three epics, théliad from ancient Greece, the Anglo-
erage. Removing the characters with the highest degrees gaxonBeowulfand the IrishTain B6 Cuailnge Of these, we
highest betweenness centralities causes the networkaé-bre found that thdliad friendly network has all the above proper-
down more rapidly; removing 10% brings the giant compo-ties. AlthoughBeowulfand theTain also have many of these
nent to about half its original size. In F[@ the effects onthe  features, they are notable in that their friendly and full-ne
giant component of removing nodes in targeted and randofyorks are disassortativ&isla saga Strssonas also dissas-

manners are illustrated. sortative implying that its network is more similar to thése
The degree distribution for the entire saga society andlyseheroic epics rather than the other family sagas.

(comprising all 18 narratives) is displayed in Hwith a best Conflictis an important element of the three narratives-anal

fit to Eq.(I2). One findsy = 2.1+ 0.2, k = 26 £ 2. ysed in Ref.[[1], in that hostile links are generally formed

Finally using the same Girvan-Newman algorithm to breakwhen characters who were not acquainted meet on the bat-
the network down into components, and evaluating the modutlefield. This is quite different for théslendinga ségurfor
larity at each interval, we fin@ reaches a plateau at over 0.7 which many hostile links are due to blood feuds as opposed
with n = 9 communities. As there are 18 separate sagas, thi® armies at war. Here hostile links are often formed between
indicates that they are not easily split back down into their  characters who are already acquainted. For this reasar, the
dividual components. However a number of the tales contaiis little difference between the properties of the full netiw
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FIG. 5. The size of the giant component as a fraction plotgadrnst ~ FIG. 6. The cumulative degree distribution for the amalgéoneof
the number of nodes removed as a fraction. It is least robbehw all 18 data sets. The dotted line is a truncated power-lawftér a
attacked by betweenness. Eq.(12).

and its positive sub-network, as indicated in Tdllle this case, two saga networks, namely thoseax{deela saga
In comparison to the three epics analysed in Ref. [1], theand Njals saga emerge with a large degree of overlap. An
islendinga sogurare most similar of theliad friendly net-  eventual separation of these two sagas is only achieved by
work in that they are both small world, assortative and theiralso splitting the_axdeaelanetwork into two.Laxdeela sagas
degree distributions follow power laws with exponential-cu also easily fragmented using the Girvan-Newman algorithm
offs. However, the amalgamated saga networks differs fronindicating that it seems to consist of weakly connected sub-
thelliad in that the overall network of the latter is disassorta-components some of which overlap witljéls saga
tive, a difference reflecting the nature of conflict in therigte. The further amalgamation of the five sagas with 13 other
To summarise, network analysis indicates that thenarratives was then analysed. The resulting saga society is
islendinga ségucomprise a highly interlinked set of narra- similar to the family-based networks djals saga Egils
tives, the structural properties of which are not immedjate sagaandVatnsdeela sagahough it has a higher assortativity.
distinguishable to those of real social networks. Hence the full society generated from these texts has simila
properties to those of many real social networks, in that the
are small world, structurally balanced, follow a power-kev
V. CONCLUSIONS gree distribution with an exponential cut-off and are atssor
tive by degree. It is also not easy to break it back down to it's

We have analysed the networks of the sagas of Icelandef@dividual 18 components. . _ _
and compared them to each other, to real and fictitious so- Thelslendinga soguhold a unique place in world litera-
cial networks and to the networks underlying other Europeaure and have fascinated scholars throughout the genesatio
epics. Instead of analysing the characters_ themselves, we provide

Of the five narratives with the largest cakgxdaela saga formation on how characters are interconnected to compare
and Gisla saga Surssonaappear most dissimilar to each the somal structures underlying the narratives. In thig,wa
other. Laxdzela sagdias an exponential degree distribution W€ Provide a novel approach to compare sagas to each other
possibly indicating that the higher degree characterses® | and to other epic literature, |dent|fy|ng similarities aditfer-
important in terms of the overall properties of the netwask a €Nces between them. The comparisons we make here are from
compared to the others. Indeddixdaela sagés strongly as- @ network-theoretic point of view and more holistic informa
sortative.Gisla saga Strssonam the other hand is strongly tion from other fields (such as comparative mythology and ar-
disassortative indicating that protagonist dominategptiop- ~ chaeology) is required to inform further. In a similar spid
erties of the networkEgils saga Skallagrimssonis similar ~ Ref- [35], we also conclude that whether the sagas are histor
to Njals sagaandVatnsdzela sagehowever it too has distin- ically accurate or not, the properties of the social workusyt
guishing features. Despite these differences, there any marecord are similar to those of re_al social networks. AIthgg_
properties common to the sagas’ social networks. one cannot conclus!vely determine whether the saga segieti

Amalgamating the five major sagas generates a small-worl@"® real, on t.he. basis of network theory, we can conclude that
network with a power-law degree distribution and an expo-hey are realistic.
nential cut-off which is assortative and contains strongnco
munity structure. This amalgamated network can mostly bédcknowledgements: We wish to thank Thierry Platini and
decomposed using the algorithm of Girvan-Newman [30]. InHeather O’Donoghue for helpful discussions and feedback.
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