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of the Interaction between Civilization
Center and Barbarian Periphery
on the World System Development*
Andrey V. Korotayev and Leonid E. Grinin
Abstract
This article offers an analysis and mathematical modeling of the influence of
one of the major factors of the World System macrodynamics throughout most
part of its history (since the ‘urban revolution’) – the factor of interaction of
civilizations with their barbarian periphery. The proposed mathematical model
is intended to describe possible influence of interaction between civilizational
core of the World System and its barbarian periphery on the formation
of the specific curve of the world urbanization dynamics. It simulates completion of the phase transition, behavior of the system in the attraction basin and
beginning of the phase transition to the attraction basin of the new attractor
and is aimed to identify the role of the factor of interaction between the civilizational core and barbarian periphery in the formation of attractor effect during
the completion of phase transition, that is for clarification of the reason
why there was observed not only slowdown of growth rates of the main indicators of the World System development after completion of phase transitions
during its development, but also their falling with the subsequent temporary
stabilization near some equilibrium level. Achievements of modern barbarology, including the understanding of complexity of the barbarian periphery itself
and its heterogeneity are considered. The basic principle of the proposed dynamic model is that sizes, power and level of complexity in realization of external policy functions in nomadic unions (empires) closely correspond to sizes,
power and level of political culture and activity of the core states with which
nomads constantly had to do (this point has been established in works of the
known experts in nomadic studies). Various alternatives are shown in the model, when depending on power and size of one of the two components of the
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system ‘civilization – barbarian periphery’ studied by us, another one also
changes significantly as it has to respond to the challenge properly, or can
make less efforts feeling no threat or resistance. This principle is observed
throughout the long period of the history of the World System. It is shown that
interaction between the civilizational center and barbarian periphery really
can explain some characteristic features of the World System dynamics in the
4th millennium BCE – the 2nd millennium CE. The ways of further development
of the model are outlined.
Keywords: dynamic modeling, the World System, civilizations, barbarian

periphery, urbanization, asabiyyah, technology, warfare.
The emergence and development of the world urban network was one of the
main components of the World System's evolution that accelerated its development and increased its integration. Not without reason V. Gordon Childe
focused on the urban revolution (Childe 1952: Chapter 7; Childe 1956). It is
also quite clear that the processes of functional differentiation, social stratification and class formation proceeded in many ancient agricultural societies under
a considerable influence of the ‘urban revolution’ (Alekshin 1986: 22). The city
also implies a complex concentration of geographical, social, political, and sacral resources and assets. ‘The city is a direct territorial concentration of multiple heterogeneous forms of human activities’ (Akhiezer 1995: 23). One can see
the closest connection between urbanization, on the one hand, and the formation and development of civilizations and statehood, on the other.1
As is known, relatively large pioneer settlements (like Jericho in Palestine)
vaguely resembling cities, emerged more than 9,000 years ago. In particular,
about 7200 BCE Jericho was surrounded by a stone wall three meters thick, and
four meters high (Lamberg-Karlovsky and Sablov 1992: 75). In the 7th – 6th
millennia BCE, a number of settlements with estimated population of about
2,000 people appeared in Western Asia (Ain Ghazal, Beisamoun, Beida, Abu
Hureira, Çatal Hüyük). However, it is undisputable that the first real cities appeared only in the 5th – 4th millennia BCE. And, finally, the first period of
a rapid urban growth within the World System occurred between the second
half of the 4th and the first half of the 3rd millennium BCE.
Our previous research (Korotayev 2006c, 2007a, 2007b; Korotayev, Komarova, and Khaltourina 2007: 169–177; Korotayev and Grinin 2012, 2013;
Grinin 2017a, 2017b) has shown that the curve describing the dynamics of
the world urban population has a rather peculiar form (see Figs 1 and 2).
1

See, e.g., Korotayev and Grinin 2006, 2007; Grinin 2007a; Masson 1989. This situation was typical
for many regions: Ancient Greece (Gluskina 1983: 36; see also Frolov 1986: 44; Andreev 1979:
20–21); Mesopotamia, in particular in the late 4th millennium and the 3rd millennium BCE (Dyakonov 2000: 46), a number of African regions; e.g., in South East Madagascar in the 17th century
a few small Betsileo states originated in this way (Kottak 1980; Claessen 2000, 2002, 2004).
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Fig. 1. The World Urban Population Dynamics (in millions), for cities
with > 10,000 inhabitants (logarithmic scale)
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Fig. 2. Dynamics of the World Urbanization Index (proportion of
population living in the cities with population more than
10,000 inhabitants in the in the overall population of the
world, with a projection of modern trends (logarithmic scale)

As can be seen, one can single out here three rather distinct periods of relatively
fast world urban population growth: (A1) from the mid-4th millennium BCE to
the mid-3rd millennium BCE, (A2) the 1st millennium BCE (roughly corresponding to the ‘Axial Age’); and (A3) the 19th – 21st centuries CE. Moreover,
one can note two periods of relatively slow growth of the world urban population (including long phases when the urban population and the world urbanization level would hardly grow or could even considerably fall): (B1) from the
mid-3rd millennium BCE to the late 2nd millennium BCE and (B2) between
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the 1st and 18th centuries CE. Two other periods turn out to be essentially close
to these epochs: Period (B0) immediately preceding the mid-4th millennium
(when the world urban population did not grow simply because cities had not
appeared yet and no cities existed on the Earth), and Period (B3) that is expected to begin in the 22nd century, when, according to forecasts, the world urban population will again stop growing in any significant way (since the World
System urbanization is supposed to reach the saturation level along with the
stabilization of the world population) (see, e.g., Korotayev, Malkov, and
Khaltourina 2006a, 2006b, 2007; Korotayev, Komarova, and Khaltourina 2007;
Korotayev 2008, 2009, 2012, 2013; Grinin 2006a, 2006b).
Note that the detected world urbanization dynamics correlates rather well
with the dynamics of the World System political organization (Grinin and Korotayev 2006, 2007; Korotayev and Grinin 2007, 2012, 2013; Grinin 2016a,
2016b; Grinin, Ilyin, and Andreev 2016). Moreover, the above mentioned synchronous phase transitions to the new levels of the world urbanization and new
complexity levels of the World System political organization temporally coincide with phase transitions to higher levels of the World System political centralization that were detected by Taagepera and that took place, according to his
calculations, during periods А1, А2 and А3 (Taagepera 1997: 485).
Similar phase transitions appear to be observed with respect to the world
literacy macrodynamics. In fact, during Period A1 we observe the emergence of
the first literate people whose share in the world population by the end of this
period had reached the level of decimals of a percent and fluctuated at this level
during Period В1. And it is no coincidence. Although literate people could live
not only in cities, nevertheless, their number in cities was incomparably larger
than in rural areas. During Period А2, the world literacy rate grew by an order
of magnitude and amounted to several percent of the world total population; it
fluctuated at this level during Period B2 till the late 18th century when Period
A3 started. During that period the world literacy level reached the level of dozens percent, and by the beginning of Period B3 (presumably in the 22nd century)
it is likely to stabilize at the hundred-percent level (see, e.g., Korotayev 2006d;
Korotayev, Malkov, and Khaltourina 2006a, 2006b).
In fact, the above-mentioned phase transitions can be regarded as different
aspects of a series of unified phase transitions: Phase Transition A1 from medium complexity agrarian societies to complex agrarian ones, Phase Transition A2 from complex agrarian societies to supercomplex ones, and, finally, Phase Transition A3 from supercomplex agrarian societies to postindustrial ones (within this perspective, the period of industrial societies turns
out to be a period of phase transition В2 – В3). These phase transitions are also
exceptionally strongly connected with production revolutions and transitions
from one principle of production to another (see in more detail: Grinin 2003a,
2007а, 2007b; Korotayev and Grinin 2006, 2007). The period of the first attrac-
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tor (the first phase), in particular, is connected with the first variant of the intensive phase of agrarian revolution (transition to irrigation agriculture); the
second attractor/phase – with the second variant of the intensive phase of agrarian revolution (transition to intensive plow non-irrigation agriculture). From the
16th to the first half of the 20th century (especially the 19th – the first half of
the 20th century) the phase transition was connected with the transition to the
industrial principle of production. The period from the end of the 20th century
and (presumably) the whole 21st century is connected with the transition to scientific and information/cybernetic principle of production (for more details see
Grinin 2006a, 2006b; Grinin L., Grinin A., and Korotayev 2017a, 2017b).
The proposed mathematical model aims at analyzing the possible impact of
the interaction between the World System's civilizational core and its barbarian2 periphery on the formation of a specific curve of the world urbanization
dynamics. It describes the completion of the phase transition, system's behavior in the basin of attraction, and the start of the phase transition to
a new basin of attraction. This model also identifies the role of the interaction
between civilizational core and barbarian periphery in the formation of the attractor effect during the completion of phase transition. In other words, we try
to find out why after the phase transitions were completed there was observed
not only the slow-down in the growth rates of the main indicators of the World
System development but also their decline with subsequent temporary stabilization at some equilibrium level (let us note that the offered model cannot describe the fluctuations observed at the respective levels).
The issues of coexistence, interaction and struggle between civilization and
barbarian periphery are extremely important for understanding of the evolution
of the World System over the last five thousand years after the emergence of
the first states and civilizations. This also remained relevant up to some extent
for the Modern Period up until very recent times. In some regions, like, for example, the Middle East and North Africa, the non-state tribal and chiefdom
forms of political organization continued coexisting, competing or cooperating
in the military field with the states up to the early 20th century. In particular,
even in the territory of Egypt, one of the most ancient civilizations, in the second half of the 18th century the Bedouin raids were a great threat for sedentary
populations (as evidenced by the famous Egyptian historical chronicler of the
late 18th and the early 19th centuries Аbd ar-Rahman al-Jabarti [1978]). In the
middle of the 20th century within the territory of another most ancient, Chinese,
civilization one could find a true internal barbarian periphery which made regu2

Needless to say that, following Lewis H. Morgan (1877) tradition, we use the term ‘barbarian’ as
a purely technical one – devoid of any pejorative implications (note that Morgan himself in no
way despised the ‘barbarians’ – he – in company with Friedrich Engels [1884/1978] – rather admired them).
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lar incursions into the center.3 One can recollect a similar situation in the Caucasus in the 19th and even in the 20th centuries.4
As is known, there are great differences in the definition of civilization
(see, e.g., Grinin 1997, 1998a, 1998b, 1998c; Grinin and Korotayev 2008: Introduction). In this paper we operationalize civilization or civilizational core
(center) of the World System as the societies of the World System core with
urban settlements; while the peripheral communities without urban settlements
are defined as ‘barbarian’. Within the framework of the present mathematical
model the existence of cities is assumed to be the only formal characteristic of
civilization.5
As Vera P. Budanova (2002: 168) notes, there are some directions in modern barbarology which study general relations between barbarian world and
civilization (see, e.g., Budanova 1990, 1994, 2000, 2002; Masson 1986, 1989;
Barfield 2006, 1991; Kradin 1992, 2001а, 2001b; Kradin and Bondarenko
2002; Pershits and Khazanov 1978; Khazanov 1975, 2002, 2006; Sannikov
2002, 2003, 2005; Kradin, Bondarenko, and Barfield 2003; Grinin and Korotayev 2013, 2014, 2018). Nevertheless, it is a very broad subject, and many of its
aspects are hardly well scrutinized. Still, the following conclusions drawn by
barbarologists are especially important for our subject: 1) the center and barbarian periphery are considered as closely related elements of a single pan3

E.g., the Yi people (or Nuosu people) in the high mountain region of Liangshan of China's Sichuan
province. There were four ‘classes’ in this society, one of which (actually [Nuosu] – ‘black’) contrary to subordinate ‘whites’ was superior, noble, and therefore it did not participate in productive
labor. The rest three classes were in different degree of dependence – from semi-bond to slavish
against the background of the absence of any developed political structure (Its and Yakovlev
1967; Kubbel' 1988: 241–242). Such a situation developed from the 7th – 9th centuries CE after
the cattle breeding tribes had subordinated farmers (Its and Yakovlev 1967: 79). Slavery was
widespread in this society. Herewith the Nuosu often attacked and captured the Han people, reducing them to slavery. Thus, in 1919 the Liangshan Yi people captured and took away more than
10,000 people from neighboring counties to their highlands. In the early 19th century the total
population of the Liangshan Yi was rather small, numbering about 10,000 people. But in 1838 it
amounted already 40–50,000, and in 1910 – about 200–300,000. It continued to increase, having
reached 630,000 people in the mid-1950s, among whom non-assimilated Han slaves totaled
50,000–60,000 (Ibid.: 79–80).
4
E.g., the General Anton Denikin in his History of the Civil Strife in Russia (Denikin 1993: 122)
speaks about the Ingush as the most organized among the Caucasian peoples who took advantage
of the anarchy during the Civil War and systematically plundered and terrorized all the neighbors.
In fact, the most recent events in the Caucasus in Russia still remind us ‘living vestiges’ of such
relationships between civilization and barbarian peripheries.
5
The identification of this characteristic as a working criterion of civilization within our mathematical model should, of course, be treated just as an assumption and is explained by the necessity to
determine in an operationalizable way within the present formal/mathematical research the societies forming the World-System core and having urban settlements as distinct from peripheral societies (designated here as ‘barbarous’) lacking those settlements. Let us note that it does not contradict some researchers' rather fair statements that in the context of their research this characteristic can be substituted, e.g., by the presence of monumental buildings (see, e.g., Masson 1989).
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Oecumene system (= the World System) in which peoples with different levels
of socio-cultural complexity interact (see, e.g., Pershits and Khazanov 1978: 4;
Budanova 2002: 168); 2) within the barbarian periphery itself a certain center6 – a ‘core’ of the barbarian world – can be formed in relation to civilization,
which in many respects defines relationships between civilization and barbarians and with that part of barbarians who inhabited territories that were distant
from the civilization core (the emergence of such centers, as a result of the civilizational core pressure quite often led to the growth of collective solidarity
[asabiyyah] of barbarians that we try to account for in our model); 3) the complexity level of the barbarian alliances (especially among the nomads) closely
corresponds to the size and level of political culture of states with which they
were in contact (see, e.g., Barfield 2006); and 4) foreign policy and economic
(trade) interests played a significant role in the relations between barbarian
world and civilization, however, military contacts prevailed there (Budanova
2000, 2002; Kradin 1992, 2001а; Barfield 1991, 2006).
Elsewhere we have already analyzed the possible role of interaction between the civilizational core and barbarian periphery (see Korotayev, Malkov,
and Khaltourina 2007: 189–208; Grinin 2003b, 2004a, 2004b, 2011; Grinin and
Korotayev 2013, 2014, 2018; Grinin et al. 2004, 2006) and considered the reasons of an essential decline (up to negative values) of the growth rates of the
main indicators of the World System development in the 1st millennium CE
after the completion of А2 phase transition to supercomplex agrarian societies
(Korotayev, Malkov, and Khaltourina 2006b; Zinkina, Ilyin, and Korotayev
2017). Note that the above-mentioned analysis allowed identifying that factor
as one of very important causes (but not the only one) of the considered phenomenon. Thus, we have come to the following preliminary conclusions:
The fact that the regime of hyperbolic growth changed after the World
System's political centralization had reached critically high level of hyperbolic rates (in the early 1st millennium CE the absolute majority of
World System's inhabitants turned out to be under control of only four
empires – Roman, Parthian, Kushan and Han) is not accidental also for
some other reasons. The rapid growth of political centralization in the
1st millennium BCE was driven by the diffusion of iron metallurgy (for
more details see Grinin and Korotayev 2008: Ch. 6; Korotayev and
Zinkina 2017; Zinkina, Ilyin, and Korotayev 2017), which not only considerably increased the Earth's carrying capacity, but also led to the development of production of rather cheap and effective weapons which
promoted the formation of numerous armies without which the emergence of the world empires would be almost impossible. However, this
process had important side effects. The politically centralized systems
6

At the same time in those barbarian polities such leaders would constantly change (Budanova
2002).
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quite often secure military superiority through the development of specialized military subsystems – rather small but well trained and professional armies. However, to preserve this superiority there is necessary to
have monopoly on certain effective types of weapons (war chariots,
bronze weapons, etc.). If the revolution in production of means of violence takes place and the monopoly on them cannot be efficiently supported (e.g., in case of emergence of iron weapons), the less politically
centralized societies with a high proportion of military active population
get considerable advantage and in military terms can become stronger
than politically centralized societies. This was the case in many parts of
Oecumene of the Old World in late antiquity. Moreover, less politically
centralized societies with a greater share of military active population
could considerably increase their military efficiency without noticeable
increase in their political centralization or internal differentiation, for example, through nomadization, growth of specialization on cattle breeding since the herder's everyday work and the character of his socialization make him a combat-effective warrior. Nomadic cattle breeding with
a widespread use of herders-riders could considerably increase military
potential of such societies without additional political centralization and
functional differentiation. In this context it is important for us that the
side effect of the technological shifts of the first millennium BCE was
strengthening of the barbarian periphery's military potential in general
and nomadic socio-political systems, in particular... As a result, the nomads got a consistent military superiority over the settled societies
throughout most part of the ‘Junior Hyperbole’ epoch (additionally
strengthened by the invention and diffusion of stirrups and sabers); this
led to an additional reduction in the World System's demographic
growth rates not only due to mass depopulations resulting from recurring
nomadic invasions, but also as a result of some decrease in the Earth’s
carrying capacity in many important zones of the World System due to
the pressure of barbarian (and, in particular, nomadic) peripheries (here
we could recollect the Russian ‘bread-basket’ – Black Earth region
which through the most part of the 2nd millennium was known as the
Wild Field since the lands in this region were almost not cultivated because of the threat of nomadic raids) (Korotayev, Malkov, and Khaltourina 2007: 207–208).

Let us note that a systematic military superiority at a certain phase of the
World System evolution does not mean a constant superiority. China, for example, defeated the Xiongnu a few times, carrying out deep raids in their lands
(see, e.g., Gumilev 1993; Kradin 2001a), similar as the Russian dukes did with
respect to the lands of Cumans (see, e.g., Rybakov 1966a: 561–562). Therefore,
we actually deal with an unsteady balance of forces between the barbarian periphery and civilizational center but this balance could change under some circumstances. In a certain situation, the barbarian periphery's pressure would
come over civilization or, vice versa, civilization would invade the barbarian
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periphery. Thus, one can speak about certain cycles when phases of civilizational center's expansion and the barbarian periphery retreat are alternated by
the phases of barbarian periphery expansion and civilizational center's retreat.
It is worth mentioning that depending on the power and scale of one of the
two components of ‘civilization – barbarian periphery’ system, the other element
would also significantly change to give an adequate response to the amplified (or
changing in some other way) challenge; otherwise, feeling no threat or resistance
it can make less efforts. Anyway, it was noticed, that in nomadic alliances (empires) the size, power and complexity level of foreign policy functions correlated
closely with the size, power and level of political culture and activity of the states with which the nomads constantly interacted (see, e.g., Barfield 2006: 429).
This can also explain the situation described below in the model, when a civilization expands to the barbarian periphery rather actively, while the latter is unable to actively resist the former. It may happen because the barbarian periphery
turns unable to adapt to the power and size of the advancing civilization yet.
After absorbing the part of the barbarian periphery which is less capable to resist, especially the territories with environment, suitable for the civilization's
economic expansion (and with peoples who are somehow ready to become
a part of civilization), civilization can face more persistent representatives
of the periphery especially those living under marginal conditions. As a result,
the above-mentioned dynamic equilibrium can be established for certain periods
(sometimes for a rather long time).
Although a rather long coexistence of civilization and barbarian periphery
is obvious, each part of this dynamic system tries to weaken or even destroy
the other at every opportunity, so there emerges a situation of ‘interdiffusion’
when various innovations are borrowed (mostly by the barbarians from civilization, but sometimes vice versa) and also civilization uses the barbarians for its
own needs. As a result one can observe an accelerated development of the barbarian periphery which in order to have advantages and resist civilization tries
to develop similar political and social forms. This usually aims primarily at
achieving a military balance or military superiority, and also at achieving the
parity of prestige. This also involves ideology which can be rather developed
among the barbarians. The latter is important for understanding of the asabiyyah concept which was developed by an outstanding medieval Arab thinker
Аbd ar-Rahman Ibn Khaldūn as a scientific category (Ibn Khaldūn 1958, 2004)
and introduced into the scientific vocabulary of modern Cliodynamics by Peter
V. Turchin (2003, 2007) who, in our opinion, quite reasonably interprets this
concept as ‘collective solidarity’.
It is a peculiar ideology of tribal solidarity, which allows uniting barbarian
people into powerful military force, for example, when putting together groups
of tribes. Therefore, Morton Fried (1967) has reason to state that tribes are
the secondary non-primitive formations emerging under the influence of neigh-
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boring communities with significantly higher level of sociocultural complexity
(see also Korotayev 1997a, 1997b, 1998, 2000a, 2000b, 2003, 2004, 2006b,
2006c; Grinin 2007a). In fact, many analogue forms of polities of the ‘main
sequence’ are often secondary phenomena associated with the impact of civilizational center, or their development is significantly modified being effected by
more developed neighbors (see Grinin 2007a). For example, such a modification might have happened in the development of the Scythian polity since the
Scythians actively communicated with the Medians and Persians, and later with
Greeks (see, e.g., Dyakonov 1956; Khazanov 1975). Moreover, such forms
quite often emerge just because they best fit the marginal environment, while
civilizations, as a rule, emerge in the environment more favorable for the development of intensive production. It is natural that the analogues in barbarian
periphery possessing certain environmental, economic and demographic features could get along without cities. Only some barbarians had a developed
system of cities as it was in Gaul where there were up to a thousand of ‘genuine
cities’, and in some of them population reached tens thousands people
(Shkunaev 1989: 134, 143). The size of some cities was 100 and more hectares,
and they were secured by powerful walls (see Filip 1961: 116–129; Mongait
1974: 248–253).
Thus, due to interaction of different kind between civilization and barbarian periphery: a) the World System expanded and became more and more complex7; b) the socio-political, economic and cultural level of the barbarian periphery generally increased; c) the civilizational level, including urbanization,
could temporarily decrease due to generally increasing size of the World System, and temporal ‘barbarization’ of extensive territories as it was repeatedly
observed in the 1st millennium CE (especially in Europe).8 One can apply here
Adolf Leo Oppenheim's idea (1990: 88) about constant counteraction between
anti- and pro-urbanistic trends in ancient Mesopotamia and in the ancient world
in general, while the barbarian periphery was the most important agent of the
former trend.
It is also worth mentioning that when speaking about each certain barbarian onslaught towards the civilizational zone, as well as about definite periods of
such mass movement, we can hardly know the exact reasons that launched such
migrations. For example, Budanova (2000: 5–6) writes that there is still no definite answer to the question what triggered the migration engaging territories

7

This may have involved the integration of a number of civilized societies by barbarian conquerors.
We think that the Mongolian amalgamation is one of the most significant in this context since for
a certain period it strengthened the relations within the World System from the Pacific Ocean to
the Atlantic (see, e.g., Abu-Lughod 1989, 1990).
8
One can also assume that the World System expansion rate could be sometimes inversely proportional to the rate of quality growth of its particular parts and processes (such as urbanization).

152

A Model of Center-Periphery Interaction

from Scandza to Mauritania, from China to the Pyrenees in the Great Migration
Period (the 3rd – 7th centuries CE).9
Here we present the model which is founded on the above-described ideas,
and also on our earlier general models of development of the World System
(Korotayev 2005, 2006c, 2006d, 2007a, 2008, 2009, 2012, 2013; Korotayev,
Malkov, and Khaltourina 2006a, 2007; Korotayev and Malkov 2012; Korotayev and Zinkina 2017; Grinin 2006a, 2006b, 2007a, 2010; Grinin and Grinin
2015, 2016) and some ideas of the theory of dynamics of community solidarity
(asabiyyah) formulated by Peter Turchin (2003, 2005, 2007).
In the proposed model the World System is assumed to be divided into
three main geographical zones: (1) small (1 mln km2) and highly productive
zone; (2) a larger size zone with average producing capacity (24 mln km2)
which surrounds Zone 1; and (3) the largest in size (96 mln km2) and the least
productive zone surrounding Zone 2 (see Fig. 3).

3

2

1

Fig. 3. Spatial structure of the World System assumed in the model

It can be assumed that the first cities originated in Zone 1 (see, e.g., Korotayev
and Grinin 2006, 2012, 2013; Grinin and Korotayev 2009a, 2009b) which therefore, can be identified as the ‘civilizational center’. It is assumed that the initial level of technological development in this center (Tc0) is significantly higher
than that for the barbarian periphery (Tb0) coinciding with Zone 2 at the start of
computer simulation. At this point, Zone 3 with the lowest initial level of technological development (Th0) is considered as the World System's hinterland.
At the first stage of computer simulation the model's major scenario describes the initial vigorous territorial expansion of the civilizational center supported by its more developed technologies, which in combination with signifi9

However, the possible general reasons of the barbarian periphery pressure on civilizational center
are quite clear: the demographic pressure, the shortage of resources (land, pastures) correlated
with this and other (natural in the first turn) factors; aspiration to the spoils of war; and pressure
of enemies (i.e., conflicts within the barbarian periphery) and other similar factors.
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cantly denser population of the civilization zone results in a significantly higher
military potential. In the proposed model, the civilization's territorial dynamics
is mathematically described by means of the following differential equation:

dAc
 a( M c  M b ) ,
dt

(Eq. 1)

where Ac is the territory controlled by the civilizational core; Mc is the military
potential of the civilizational core; Mb is the military potential of the barbarian
periphery; a is the constant which determines the rate of transformation of military superiority into territorial acquisitions (the calculation pattern for Mc and
Mb values will be described below, see Eqs 2 and 3).10
However, after a while this expansion is exhausted in the major scenario
of the model and the barbarian periphery's counterattack unfolds.11 Note that in
the suggested model (as well as in historical reality) less numerous and technologically backward barbarians can put pressure on more numerous and technologically advanced ‘civilized’ enemies. This effect may be produced by the
following factors:
1) A higher military participation ratio that was characteristic of the barbarians. It is proved by written, ethnographic and even archaeological sources. For
example, in some territories occupied by the German tribes before the Great
Migration epoch about 80 % of males were buried with iron weapons (see
Gurevich 1999: 44). One should also mention the early military training for
boys among many barbarian (especially nomadic) peoples, for example, among
Huns, Mongols or Turks when they were nomads (see, e.g., Nefedov 200812).
10

In real history, it could be just the result of demographic pressure of migrants who would absorb
numerically insignificant aboriginals, or the result of combination of demographic dissipation and
military superiority. Thus, many barbarians just disappeared as ethno-social entities and were assimilated by civilized peoples. But those who survived became ethnicities of a new generation
capable of both military and cultural opposition, and development of their own complex political
systems which led to creation of analogues of the state among barbarians (see, e.g., Grinin 2001–
2006, 2003b, 2004b, 2007a).
11
In real history it was most often observed that civilization reached the limits of the natural zones,
suitable for its economic pattern (and apparently, it would be worth taking into account this effect in future mathematical models). Note, also, that ‘barbarous counterattack’ in reality might
start both after the period of established power balance, and sometimes at once without intermediate period of balance. Khan Konchak's campaign against the Russians in 1185 following Duke
Igor Novgorod-Seversky's unsuccessful campaign on the Cumans can serve a classic example
here. Moreover, the Cuman troops moved toward Rus' in three directions: toward deserted Igor
and Vsevolod's principalities, toward Pereyaslavl and Kiev, ‘where Konchak was attracted by the
memories of Khan Bonyak knocking with sabre on Kiev's Golden Gate’ (Rybakov 1966b: 595).
12
‘Training of the Turkish archers does not appear to have been inferior to Mongolian archers, and
similar to the Mongols, constant trainings also promoted the development of muscles of arms.
‘From eight, or even seven years old they began to shoot at a target, – the imperial ambassador
Ghiselin de Bousbecq wrote, – and for ten or twelve years they would practice in archery. This
continuous training strengthened muscles of their arms and gave them such a skill that they could
hit the smallest targets with their arrows’ (Nefedov 2008).

154

A Model of Center-Periphery Interaction

The most important role of this factor in explaining the cases of successful
advance of the barbarian periphery on civilizational center was described in
the 16th century by the Ethiopian monk Bahrey in his well-known History of the
Galla. Bahrey tried to explain why the politically centralized Ethiopian state
was constantly defeated by the politically less centralized and less developed
Galla (Oromo) tribes (‘How is it that the Galla defeat us though we are numerous and well supplied with arms?’ Bahrey 1976 [1593]: 140). The answer
which Bahrey proposed is very interesting and convincing: just because
the Ethiopian society was much more developed and socially differentiated
(i.e., actually more ‘civilized’), it suffered continuous defeats in the fight
against less developed ‘barbarians’, the Galla. In this case the high level of internal differentiation (‘civilization’) becomes a source of military weakness:
How is it that the Galla defeat us, though we are numerous and well supplied with arms?.. It is because our nation is divided into ten classes,
nine of which take no part whatever in war, and make no shame of displaying their fear; only the tenth class makes war and fights to the best
of its ability. Now, although we are numerous, those who can fight in
war are few in number, and there are many who do not go to war. Of
these classes, the first is that of the monks, of whom there are vast numbers. Among them are those who become monks at an early age, drawn
thereto by the other monks while they are studying, as indeed was the
case with him who has written this history, and others like him. There
are also others who become monks because they fear war. A second
group is composed of those who are called dabtara, or clerks; they study
the holy books and all works relating to the occupations of the clergy;
they clap their hands and stamp their feet during divine service, and have
no shame for their fear of going to the wars. These people take as their
models the levites and priests, namely, the sons of Aaron. The third
group is that of the people called Jan Hasana and Jan Maasare, who
look after the administration of justice, and keep themselves from war.
The fourth group is formed by those who escort the wives of dignitaries
and the princesses; they are vigorous, brave, and strong men who nevertheless do not go to war, for they say, ‘We are the protectors of
the women’. The fifth group calls itself ema gelle, ‘elders’; they are the
lords and hereditary landowners: they share their land with their laborers, and are not ashamed of their fear. The sixth group is that of the laborers in agriculture, who live in the fields and have no thought of taking
part in war. The seventh group is composed of those who engage in trade
and gain profit thereby. The eighth group is that of the artisans, such as
the smiths, scribes, carpenters, and such-like, who know not the art of
war. The ninth group is that of the wandering singers, those who play the
qanda kabaro [a small drum] and the bagana, whose profession is to
beg, to collect money. They invoke blessings on those who reward them,
flattering them with vain praises and idle panegyrics; while those who
refuse to give them presents they curse, though they are not blamewor-

Andrey V. Korotayev and Leonid E. Grinin

155

thy for this, for, as they say, ‘This is our custom’. Such people keep
themselves as far as possible from war. The tenth group, finally, is composed of those who carry the shield and spear, who can fight, and who
follow the steps of their king to war. It is because these are so few in
number that our country is ruined. Among the Galla, on the contrary,
these nine classes which we have mentioned do not exist; all men, from
small to great, are instructed in warfare, and for this reason they ruin and
kill us (Bahrey 1976 [1593]: 140–141).13

In our model the higher coefficient of military participation that was typical for barbarians is mathematically described in Eq. 3 by giving b coefficient
(representing the military participation ratio of barbarians here, i.e., the percentage of barbarian population participating in military operations) significantly higher value than that of c coefficient (representing the military participation
ratio for the ‘civilized’ population) in Eq. 2. For example, in the computer si13

However, it is worth noticing that military forces of small polities were quite often comparable
with military forces of large ones in those political entities of civilizations where the level of military participation of inhabitants was high (e.g., in some civil communities, in particular in Greek
poleis, Roman civitas, some medieval cities). The best known example is Greek-Persian wars
when an alliance of civil communities with a high military participation ratio defeated a low military participation ratio empire. Note also that the suggested mathematical model does not consider the following factors of barbarians' military superiority (which it would be worth considering in future generations of similar mathematical models): a) a high mobility of some barbarian
peoples in comparison with settled farmers which is quite often defined by their own way of life,
as well as a low specific useful biomass output per unit of economically exploited territory (that
causes the need of moving in order to increase their zone of economic exploitation). Especially it
refers to nomads and the sea peoples, as well as the inhabitants of those places where rivers constituted the main communication lines. From the very beginning water transport was the main
means of long distance connections (McNeill 1995). Therefore we suggested an idea that it is
necessary to multiply the number of inhabitants among herders and seamen by the coefficient of
their mobility for considering their potential for the intensification of political complexity growth
processes (Korotayev 1991; Grinin 2007a). Such mobility often secures possibilities of the rapid
advance in huge territories where civilizations are located; b) Higher prestige (concerning the
whole population) of military activities. In other words, in a number of civilizations military professionals had no such prestige as priests or officials. For example, the founders of the Song
Dynasty in China (960–1279) significantly downgraded and changed the position of military
elite in order to prevent the possibility of the ‘military coups’ that undermined the stability of the
political system of their predecessors (Wright 2001). But even where military estate stood high
(as, e.g., in medieval Europe or Japan), monopolization of military affairs in their hands led to
the fact that most of population were specialized in peaceful occupations and as a result their
military potential was close to zero. So, for example, in the 8th and 9th centuries in Charlemagne's
empire, especially in France, the hardships that came along with military service actively induced peasants to pass voluntarily under the protection of large secular and religious landowners,
thereby even by sacrificing their civil freedom (see, e.g., Gurevich 1970: 145–183). In Russia, it
was not uncommon when voluntary transfer of noble children to serf status took place in order to
save them from military service. At the same time participation in military affairs was very honorable among barbarians (especially in state analogues), and very often volunteers' participation
was sufficient to support major military actions in such affairs (see, e.g., Fenton 1978: 127 on the
Iroquois).
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mulations whose results are given below for the main scenario of our model,
the value of с is 0.05, whereas the value of b coefficient is 0.2.

M c  cN cTc H c ,

(Eq. 2)

where Nc is the size of ‘civilized’ population; Tc is the level of technological
development of the civilizational core (for simplicity it is assumed that the level
of development of military technologies of civilization is proportional to the
general level of its technological development; therefore, within this model it is
not identified as a separate variable); Hc is the level of asabiyyah of civilized
population (we will dwell upon this variable below);

M b  bN bTmb H b ,

(Eq. 3)

where Nb is the number of inhabitants of the barbarian periphery; Tmb is the
level of development of military technologies in the barbarian periphery (it is
assumed that this variable is not identical with the general level of technological development of the barbarian periphery; the implications of this assumption will be considered below); and Hb is the level of barbarians' asabiyyah.
2) Borrowing of military technologies by barbarians happened at higher rates, than borrowing of non-military technologies (the chosen by us way to model this assumption mathematically will be described below). For example, due
to the fact that Mongols borrowed siege equipment and technology from China,
they were able to take a lot of cities successfully. Thus, in this case borrowing
of military innovations was one of important reasons of mass destruction of
cities of the World System in the 13th century. Nevertheless, the abovementioned facts about borrowings refer not only to weapons, but also to the strategy, tactics, and organization of the army. Quite often barbarians just imitated
the structure of armies (or separate military institutes) of the neighboring civilizations. For example, the German leader Marobod (the late 1st century BCE –
the early 1st century CE), having united Marcomanni with the Lugians, the Mugilones, Ghots and other Germanic tribes, created a large army on the Roman
pattern which numbered 70,000 of infantry and 4,000 of cavalry (SIE 1966:
123).14
14

By the way, such borrowings became the main impulse for transformation of the non-state systems into the early state society quite often. This happened, e.g., as a result of the borrowing of
iron weapons, and later fire arms (in particular, one could see examples of the latter in Madagascar in the 17th century [Deshan 1984: 353; Ratzel 1902, vol. 1: 445], or in Tahiti and Hawaii in
the 18th century [Service 1975; Earle 2002: 86; for more details about similar cases see Grinin
2007a]). Note some more points here which are not considered in the present version of our
model, but which it would be worth considering in the next generation of the models of interaction between the civilizational center and barbarian periphery. A) Barbarians themselves could
be inventors of important military innovations. It is fair enough since many people considered
war as the most important issue and became professionals of military attacks and robberies.
Sometimes such inventions helped some barbarian chiefdoms to defeat others. A classic example
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3) The beginning of forceful expansion of the civilizational core upon the
barbarian periphery can be interpreted as the formation of a metaethnic border
between the civilization and the barbarian world. As was clearly demonstrated
by Peter V. Turchin (2003, 2005, 2007), the formation of such a metaethnic
border tends to lead to a significant increase in collective solidarity (asabiyyah)
in that party that turned out to be under pressure.15 As a result, if at the beginning of its forceful expansion civilization faced scattered groups of barbarians
incapable to produce any effective resistance, further on these groups began to
cooperate more and more among themselves for putting up resistance, and civilization had to deal with more and more united and large coalitions of barbarians (which were formed in many respects as a reaction to forceful expansion
and were able to show more and more effective resistance, and further to start

15

was that Shaka, the leader of the Zulu people, who applied a new type of cold weapon that in
many respects promoted progress of his army and formation of the empire (Ritter 1968; Ratzel
1902, 2: 116). As a result, the Zulu polity was transformed from the pre-state level to the one of
the state. There were cases when such inventions promoted expansion of barbarians against civilization. East Germans in the 5th century CE probably invented some kind of huge backsword
with the straight sharpened blade (scramasax) which was up to 80 cm long. It was a typical saber
weapon capable of giving terrible wounds which increased the power of a horse soldier. Therefore,
it was borrowed by Huns, and then Goths and Francs (Kardini 1987: 263–264). The striking example of such innovations of barbarians were ships and naval tactics of Vikings who ‘were second to none at sea’ and whose sea advantage was often absolute (Gurevich 2005: 41 and ff.).
One can also mention, e.g., military tactical and organization innovations used in Genghis Khan's
army, which undoubtedly played a great role in the Mongol victories. Thus, if barbarians and
civilization were incomparable by cultural level, they could be quite comparable as regards their
military-strategic levels, and quite often barbarians also had superiority, but at the same time
kept such forms of organization of society which, according to to the well-known expert of nomadic studies William Irons, were real alternatives to state organization (Irons 2002, 2004) and
could reproduce themselves without cities (though they could control cities populated by conquered peoples). B) In the process of weakening collective solidarity (~ asabiyyah) of civilizations and states, conflicting parts of civilization begin to use barbarians as allies, which gives
them a chance to interfere with affairs of the civilization core. One can recollect that the author
of The Song of Igor's Campaign wrote that dukes began ‘to forge feuds for themselves’, and ‘to
draw the pagans onto the Russian land’. The late Roman and Byzantine history gives a lot of examples of the ‘integration’ of barbarians into policy of civilization. A classic example is a tragedy of post-Roman Britain. After the withdrawal of the Roman troops from Britain in 410 CE, the
Britons (Romanized British Celts) searching for the defenders from attacks of the Irish and Scottish barbarians invited the Saxones and gave them some land (thereby having exercised a certain
social innovation, which was, however, repeatedly used in the Roman world with its practice of
‘fighting against barbarians with barbarians' hands’). But having seen weakness of the Britons,
the Saxones ceased to obey the local authorities and together with the Angles and the Jutes became eventually the owners of the country. And, despite their prolong and persistent resistance,
the Britons were partly expelled, partly enslaved, and partly destroyed. Therefore, Anglo-Saxon
barbarous kingdoms emerged in Britain in place of the ‘Briton’ state (e.g., Blair 1966: 149–168;
Chadwick 1987: 71). Thus, military opportunities of barbarians could significantly increase with
their involvement into military-political affairs of civilization.
Those, who withstood it, found adequate responses to the challenge that finally led to the selection of types of barbarian communities most adapted to the fighting against civilization.
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successful counterattacks). As has already been mentioned above, Turchin suggests using for denoting ‘collective solidarity’ the term asabiyyah that was introduced into the scientific discourse by Abd ar-Rahman Ibn Khaldun16 (1332–
1406).
In the model, the dynamics of barbarian asabiyyah (Hb) is described mathematically by means of the following equation:
dH b
dA
 e c ,
(Eq. 4)
dt
dt
where e is a constant. It means that the higher the rates of forceful territorial
expansion of civilization, the higher the growth rates of barbarians' asabiyyah.17
Respectively:
dH c
dA
 e  c ,
dt
dt

(Eq. 5)

where Hc is asabiyyah of civilized population.
Note that it means that asabiyya of civilization begins to grow under the
pressure of barbarians, and the stronger this pressure is, the quicker it grows
(for more details see Turchin 2005).
While describing population dynamics, we base ourselves upon the simplified version of the compact model of demographic, technological and economic
development of the World System (Kremer 1993; Korotayev 2005, 2006d, 2007,
2008, 2009, 2012, 2013; Korotayev, Malkov, and Khaltourina 2006a, 2006b,
2007; Korotayev and Malkov 2012; Zinkina, Malkov, and Korotayev 2014;
Korotayev and Malkov 2016; Korotayev and Zinkina 2017; Grinin 2003a,
2012; Grinin L. and Grinin A. 2015, 2016; Grinin A. and Grinin L. 2015; Grinin and Korotayev 2016; Grinin L., Grinin A., and Korotayev 2017a). We make
a Malthusian assumption that throughout the most part of the period of existence of the humankind, the human population was limited by the level of development of life-supporting technologies. As in simplified Kremer's model
(Kremer 1993: 685), we assume that population comes to technologically determined level of the Earth's carrying capacity instantly (or, in other words,
instantly fills the ecological niche expanded as a result of technological
growth).18 Besides, we take into account the fact that territory with a higher
16

See, e.g., Ibn Khaldun 1958, 2004; Batsieva 1965; Ignatenko 1980; Alekseev and Khaltourina
2004; Turchin 2003, 2007; Korotayev and Khaltourina 2006; Korotayev 2006e, 2007d; Inan
1933; Mahdi 1937.
17
We also assume that with the increase in barbarians' asabiyyah the rate of borrowing of military
technologies of civilization increases (this assumption is modeled by the Eq. (8’’’’). We also assume that variable H cannot have negative values.
18
Let us note that it deprives us of an opportunity to describe cyclical dynamics of the system in the
basin of attraction (see, e.g., Korotayev, Komarova, and Khaltourina 2007) that would bring dynamics generated by the model considerably closer to actually observable one, but at the same
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natural productivity can support the existence of a larger population at the same
level of technological development, than the territory with smaller natural producing capacity, and otherwise under equal conditions a larger territory can
support a larger population than a smaller territory. Thus, the size of population
(N) of some zone with productivity F and area A at the level of development
of life-supporting technologies T will be described mathematically by means of
the following equation:
N = gFTA,
(Eq. 6)
where g is a constant.
As a result, the mathematical description of the population for year i for
a hinterland of the World System (Zone 3) appears to be the simplest one in our
model, since we have initially assumed that the territory occupied by it
throughout the modeled period remains constant, and the level of technological
development is the same for the whole zone:
(Eq. 7)
N3i = gF3T3iA3.
The situation with the civilizational core and barbarian periphery of the
World System is a little more complicated. The matter is that throughout
the most part of the modeled period the civilization zone is divided into two
subzones with different natural productivity, i.e. the core of the civilization
zone with high natural productivity (~ Zone 1) and the periphery of the zone
corresponding to the part of less productive Zone 2 taken by the civilization
from ‘barbarians’. Thus,
Nci = N1ci + N2ci,
(Eq. 8)
where Nci is population of the civilization core for year i; N1ci is the ‘civilized’
population of Zone 1 for year i; N2ci is the ‘civilized’ population of Zone 2 for
year i.
At the same time:
N1ci = gF1TciA1ci,
(Eq. 9)
where A1ci is the area of the part of Zone 1 controlled by civilization for year i;
N2ci = gF2TciA2ci,
(Eq. 10)
where A1ci is the area of the part of Zone 2 controlled by civilization for year i.
Respectively,
Nbi = N2bi + N1bi,
(Eq. 11)
where Nbi is population of the barbarian periphery for year i; N2bi is the ‘barbarian’ population of Zone 2 for year i; N1bi is the ‘barbarian’ population of Zone 1
for year i.
time this considerably simplifies the suggested model, which made us dwell on this simplified
version of description of dependence of population on the level of technological development.
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Herewith,
N2bi = gF2TbiA2bi,
(Eq. 12)
where A2bi is the area of the part of Zone 2 controlled by ‘barbarians’ for year i;
N1bi = gF2TbiA2bi,
(Eq. 13)
where A1bi is the area of the part of Zone 1 controlled by ‘barbarians’ for year i.
The way of calculation of A1c, A2c, A2b and A1b variables employed by us in this
model is described below (see Table 1 and Eqs 9, 10, 24, 25).
The total population of the World System for year i (Nwi) is calculated by
means of the following equation:
Nwi = Nсi + Nbi + N3i.
(Eq. 14)
Similarly to our general model of the World System development, mathematical description of technological dynamics is based upon the equation for technological growth proposed by Michael Kremer19 (Kremer 1993: 686):
dT
 hNT ,
dt

(Eq. 15)

where h is a constant (~ coefficient of technological innovative activity of population).
We assume that the diffusion of innovations proceeds from the civilization
center of the World System to its barbarian periphery and from it to hinterland (1). Though in reality the diffusion of innovations from hinterland to periphery (2), from periphery – to center (3), as well as between various subzones
of periphery (4) and hinterland (5) was also observed, after all the main flow of
technological diffusion went in the first of the abovementioned directions (see,
e.g., Chubarov 1991; Grinin A. and Grinin L. 2015, 2016) and we decided to
refrain from the modeling of diffusion of technological innovations in other
directions for the sake of simplicity of our model.
Thus, the following system of difference equations has been used in our
model to model the technological development of the World System:
Tci = Tci-1 +hNci-1Tci-1,
(Eq. 16)
where Tci is the level of technological development of the civilization core of
the World System for year i;
Tbi = Tbi-1 +hN’bi-1Tbi-1 + k(Tc – Tb),
(Eq. 17)
where Tbi is the level of technological development of the barbarian periphery
for year i; N’b – population of the barbarian Zone; k – a constant;
T3i = T3i-1 +hN’3i-1T3i-1 + l(Tbi-1 – T3i-1),
(Eq. 18)

19

Note that quite independently from Michael Kremer this equation was proposed by Rein Taagepera (1976, 1979), A. V. Podlazov (2000, 2001, 2002) and S. V. Tsirel (2004).
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where T3i is the level of technological development of hinterland (Zone 3) for
year i; N’3 is population of hinterland; l is a constant.
As has already been mentioned above, we introduce an additional equation
for description of dynamics of development of ‘barbarians'’ military technologies to take into account the effect of the more rapid borrowing by ‘barbarians'’
of military technologies in comparison with peaceful technologies:
Tmbi = Tmbi-1 +mN’bi-1Tmbi-1 + nHbi-1(Tci-1 – Tmbi-1),
(Eq. 19)
where m and n are constants.
The effect that is of the most interest for us can be described by means of
Eqs 17 and 19 by giving a higher value to n coefficient in Eq. 19 in comparison
with the value of k coefficient in Eq. 17. This equation also describes an assumption that the rates of barbarians' borrowings of military technologies grow
along with the growth of their asabiyyahs.
We assume that all the urban population of the World System is concentrated in its civilizational core. For mathematical description of urbanization
dynamics in the model the following equation is used:
uci = pTci,
(Eq. 20)
where uci is the index of urbanization of the civilizational core (a share of urban
population in the total population of civilization core), and p is a constant. The
possibility of approximation of uci ~ pT follows from the equations of our compact model of the general World System development (Korotayev, Malkov, and
Khaltourina 2007; Korotayev, Komarova, and Khaltourina 2007; Korotayev
2012, 2013). At the same time an empirical testing of this approximation was
not carried out, and this testing was done by us. We use the World System
Technological Development Index proposed by us earlier (Korotayev 2006a)
for an empirical test of this hypothesis. Let us recollect that this index was calculated on the basis of Hellemans – Bunch database (Hellemans and Bunch
1988). In this database Hellemans and Bunch tried to record in chronological
sequence all the main inventions and discoveries that had been made by the
1980s. As a value of the World System Technological Development Index for
the moment X we use the total number of inventions and discoveries which
were made in the World System up to that moment.
The correlation between this World System Technological Development
Index and the World System Urbanization Index calculated by us earlier (Korotayev, Malkov, and Khaltourina 2007: 122–127; Korotayev 2007; Grinin and
Korotayev 2008: Ch. 4) looks as follows (see Fig. 4):
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Fig. 4. Correlation between the World System Technological Development Index (T) and the World System Urbanization Index (u) (3500 BCE – 1970 CE): scatterplot with a fitted regression line
Note: R = 0.95; R2 = 0.903; p = 1.08 · 10-15.

Thus, we find a rather strong and statistically significant correlation between
these indices.
The total number of urban population in the model is defined by the following equation:
U = ucNc.
(Eq. 21)
Finally, the World System Urbanization Index (a share of urban population in a
total number of the World System population) uw is defined by the following
equation:
U ,
uw 
(Eq. 22)
Nw

where Nw is the total population of the World System.20
20

Thus, the World System urbanization appears here in our model as a purely dependent variable.
Perhaps, it would make sense to consider its influence on some other key variable models (e.g.,
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Table 1 gives a summary description of the model:
Table 1. Compact mathematical model of influence of interaction of
the civilizational center and barbarian periphery on the development of the World System (a detailed description)
Variable
symbol

Meaning

A1

The territory of Zone 1

A2
A3

The territory of Zone 2
The territory of Zone 3

F1

‘Index of natural fertility’ of Zone 1

F2
F3
Ac
Ab

A1c

‘Index of natural fertility’ of Zone 2
‘Index of natural fertility’ of Zone 3

=

Value for year i

Constant, in computer simulations the
= results of which are given below, has
the value of 1 mln km2
= Constant, 24 mln km2
= Constant, 96 mln km2
Constant, in computer simulations,
= the results of which are given below
has the value 10

–
–

= Constant, 3

–

= Constant, 1

–

Aci-1 + a(Mci-1 – Mbi-1);
= Ac0 = A1 = 1 mln km2. This variable
cannot have negative values
Abi-1 + a(Mbi-1 – Mci-1);
The territory of the
= Ab0 = A2 = 24 mln km2. This variable
‘barbarian periphery’
cannot have negative values either
It is described by a version of Eq. 1;
A1c0 = Ac0 = A1 = 1 mln km2; it does
not change while there is an expansion of civilization; if as a result of
counterattack of barbarians they comThe territory of the part
of Zone 1, controlled
= pletely return Zone 2 to themselves,
then A1ci = A1ci-1 + a(Mci-1 – Mbi-1) till
by civilization
A1c (= Ac) reaches zero value (it is
interpreted as a complete conquest of
civilization by barbarians) or returns
to value of 1 mln km2 (it is interpreted
The territory of ‘civilization zone’

Equation
number

–

–

(1)
(23)

(9)

on the rates of technological growth which was already made by M. Artzrouni and J. Komlos
[Artzrouni and Komlos 1985] and that, in our opinion, might allow us to give a more exact description of technological dynamics of the World System in the basins of attraction of attractors
B1 and В2), but in order to avoid excessive complication of the model we opt to refrain from this,
though the action of this factor may be taken into account in future models.
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Meaning

=

Value for year i

Equation
number

as a full expulsion of barbarians from
Zone 1).21 This variable cannot have
negative values
A2c
A2b
A1b
Mc

Mb

Hb

Hc
Nc
N1c
N2c
Nb
N2b

21

The territory of the part
of Zone 2 controlled by
civilization
The territory of the part
of Zone 2, controlled
by ‘barbarians’
The territory of the part
of Zone 1, controlled
by ‘barbarians’
Military potential of
civilization

Military potential of
the ‘barbarians’

Index of barbarians'
collective solidarity
(asabiyyah)
Index of collective
solidarity (asabiyyah)
of ‘civilized’ population
Population of the civilizational core
‘Сivilized’ population
of Zone 1
‘Сivilized’ population
of Zone 2
Population of the barbarian periphery
‘Barbarian’ population
of Zone 2

= Ac – A1 if Ac > A1; 0 if Ac  A1.
=

Ab if Ab  A2; A2 (= in our case 24) if
Ab > A2

(10)
(24)

= 0 if Ab  A2; A1 – Ac if Ab > A2.

(25)

= cNcTcHc

(2)

bNbTcHc . It is assumed that the value
of the military participation ratio of
‘barbarians’ (b) is significantly higher
than that for ‘civilized’ population. In
= computer simulations whose results
are presented below, the value of c is
assumed to be equal to 0.05, and the
value of coefficient b is assumed to be
equal to 0.2

(3)

= Hbi-1 + e(Aci – Aci-1); Hbi  0

(4)

= Hci-1 – e(Aci – Aci-1); Hci  0

(5)

= N1ci + N2ci

(8)

= gF1TciA1ci

(26)

= gF2TciA2ci

(27)

= N2b + N1b

(11)

= gF2TbiA1bi

(28)

It is obvious that the easiest way to model the dynamics of this variable is to give it the value of A1
(that is 1 in our computer simulations) when Ac  A1 and value Ac when Ac < A1. This method was
also applied by us in real computer simulations for this and other similar variables (A2c, A2b и A1b).

Andrey V. Korotayev and Leonid E. Grinin
Variable
symbol

N1b
N3
Nw
Tc

Tb

N’b

T3

N’3

Tmb

uc

U

uw

Meaning

‘Barbarian’ population
of Zone 2
Population of Zone 3
Total population
of the World System
Level of technological
development of the
World System civilizational core
The level of technological development of
the barbarian periphery
Population in one subzone of ‘Barbarian
Zone’ (with conditionnal area of each subzone being equal to
1 mln km2)
The level of technological development
of the World System
hinterland (= Zone 3)
Population in one subzone of Zone 3 (with
conditional area of
each subzone being
equal to 1 mln km2)
The level of development of military technologies of ‘barbarians’
Index of urbanization of
the civilizational core
(a share of urban population in the total population of the civilizational core)
Total urban population
Index of the World
System urbanization
(a share of urban population in the total population of the World
System)

=

Value for year i
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Equation
number

= gF1TbiA1bi

(29)

= gF3T3iA3

(7)

= Nсi + Nbi + N3i

(14)

= Tci-1 +hNci-1Tci-1

(16)

= Tbi-1 +hN’bi-1Tbi-1 + k(Tc – Tb)

(17)

Nbi/Abi (note that the area of zones in
our model is measured in mln km2
=
therefore this division gives the population of ‘barbarians’ per 1 mln km2)

= T3i-1 +hN’3i-1T3i-1 + l(Tbi-1 – T3i-1)

= N3/A3

=

Tmbi-1 +mN’bi-1Tmbi-1 + nHbi-1(Tci-1 –
– Tmbi-1)

–

(18)

–

(19)

= pTc; 0  uc  0.9

(9)

= ucNc

(21)

= U / Nw

(22)
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A typical dynamics generated by the model with average values of parameters and initial conditions is presented in Figs 5–7:
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Fig. 5. Dynamics of the territory of the World System civilizational
core generated by the main scenario of the model (mln km2)
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Fig. 6. Dynamics of the World System urban population (millions) generated by the model, logarithmic scale
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Fig. 7. Dynamics of the World System urbanization index (proportion
of urban population in the total population of the World System) generated by the model, logarithmic scale
Note. Figs 5–7 show results of computer simulation with the following values of
parameters and initial conditions: t0 = 3000 BCE = –3000; A1 = 1 mln km2; A2 =
= 24 mln km2; A3 = 96 mln km2; F1 = 10; F2 = 3; F3 = 1; Ac0 = 1 mln km2; A1c0 =
= 1 mln km2; A2c0 = 0; Ab0 = 24 mln km2; A2b0 = 24 mln km2; A1b0 = 0; Tc0 = 10;
Tb0 = 2; Tmb0 = 3; T3_0 = 0.2; Hc0 = 1; Hb0 = 0.1; a = 0.012; b = 0.2; c = 0.05; e = 0.052;
g = 0.05; h = m = 0.0000315; k = l = 0.000504; n = 0.00504; p = 0.00125.

Within this computer simulation one can distinguish the following phases:
Phase 1 (years 0–130 of the computer simulation). Vigorous accelerating
expansion of civilization.
Accelerating expansion of civilization in this phase is generated by the following system of positive feedbacks (see Fig. 8):
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+

Growth of the
territory of
civilization (Ac)
+
Reduction
of the territory
of the barbarian
periphery (Ab)
+
Reduction of
population size
of the barbarian
periphery (Nb)

Increase in population controlled by
civilization (Nc)
+

+


Growth
of military potential
of civilization (Mc)



+

+




+

+


Growth
of technological
potential of
civilization (Tc)

Slowdown
of the growth of
‘barbarians'’military
potential (Mb)

Fig. 8. System of positive feedbacks generating the accelerating territorial expansion of civilization during the first phase of the
computer simulation

Thus, at this phase the growth of the civilization territory leads to the increase
in its population, which results in increase in its military potential both directly
(the size of the army [i.e. the number of soldiers] increases along with the increase in population size), and through acceleration of technological growth
rates (allowing to supply the soldiers with more effective weapons); the increase in military potential of civilization leads to further increase in its territory
which results in further acceleration of growth of its population, etc.; on the
other hand, acceleration of the growth of the territory of civilization leads
to a substantial reduction of the territory of barbarian periphery and consequently, decrease of population size and military potential of ‘barbarians’ that
promotes further acceleration of growth of the territory of civilization, reduction of the territory of the barbarian periphery, etc.
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At this phase one can observe the accelerated growth of population of the
World System22, the World System urbanization index23 and the urban population.24
Phase 2 (years 130–340 of the simulation). Slowdown of expansion of civilization.
The following system of negative feedbacks comes to the foreground during this phase: the growth of the civilization territory leads to the growth of
asabiyyah of ‘barbarians’, which is expressed in increase in the level of their political culture and organization25, and leads to the growth of their military
potential both directly and through the acceleration of rates of borrowing
of military technologies of civilization (including military and organizational
and tactical innovations) which results in reduction of rates of growth of the
civilization territory which, until it slows down to zero level, continues to lead
(through the mechanisms mentioned above) to the growth of barbarians' military potential and further slowdown of rates of territorial expansion of civilization (see Fig. 9).
+

Growth
of the territory of civilization (Ac)

–


Growth of
asabiyyah
of ‘barbarians’ (Hb)
+
Growth
of barbarian
periphery's military
capacity (Mb)


+


+
Growth of rates
of military
technologies'
borrowing (Tmb)

Fig. 9. System of negative feedbacks generating slow-down of the
territorial expansion of civilization at the second phase of
computer simulation

22

First of all as a result of increasing diffusion of high technologies of civilization in the territories of Zone 2 subordinated by it, the growth of the carrying capacity there, and, therefore,
the population.
23
In connection both with accelerating technological growth of civilization and with the growth
of ‘civilized’ population percentage in the total World System population.
24
In connection both with the growth of urbanization in civilizational zone, and with the accelerated
growth of its population as a result of the territorial expansion.
25
In historical reality we find the corresponding situation: as A. M. Khazanov notes, though nomads may seem barbarians for settled contemporaries , these ‘barbarians’ may be quite sophisticated in a political sense (Khazanov 2002: 54).
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Nevertheless, at this phase the expansion of civilization proceeds at rather rapid
(though more and more slowing down) rates; besides, a rather rapid (though
slowing down) growth of population of the World System also continues.
However, since year 154 of our computer simulation the absolute growth rates
of population of the World System begin to decrease, but up to the end of Phase 2 they remain rather high. Since year 209 of the computer simulation the
absolute growth rates of urban population also begin to decrease (remaining
nevertheless rather high). During this phase, the growth rates of the World System urbanization index decrease almost twice (nevertheless remaining rather
high if compared with the subsequent two phases).
Phase 3 (years 340–510 of the simulation). Expansion of civilization is exhausted and stops. Approximate power balance. The barbarian periphery begins its counterattack.
During this phase, the territory of civilization in comparison to the territory
of its barbarian periphery changes rather slowly, no more than 0.01 million km2
per year (reaching at the inflection point, in year 408 of simulation, 48 km2 per
year). At the first stage of this phase the action of the above-mentioned mechanism of negative feedback leads to its logical conclusion – military potentials of
civilization and barbarian periphery become equal to each other, and the rates
of expansion of civilization reduce to zero level. However, the process of rather
fast borrowing of military technologies of civilization by ‘barbarians’ continues. As a result military potential of the barbarian periphery begins to exceed
that of civilization, and ‘barbarians’ start their counterattack. At the beginning
it develops extremely slowly (83 km2 during the first year); but
the beginning of ‘barbarian counterattack’ leads to the formation of the system
of positive feedbacks giving more and more noticeable results every year –
acceleration of the growth of barbarian periphery territory leads to the acceleration of the growth of population of barbarian periphery, which in turn, leads to
the increase in the military potential of ‘barbarians’ and even greater increase
in the territory of barbarian periphery and consequently, to a greater increase in
‘barbarian’ population, etc.; on the other hand, acceleration of growth of the
territory of barbarian periphery leads to a substantial reduction of the territory
of civilization and consequently, to the decrease of civilization population, and
military potential of civilization which promotes further acceleration of the
growth of the territory of barbarian periphery, reduction of the territory of civilization, etc. (see Fig. 10).

Andrey V. Korotayev and Leonid E. Grinin

Acceleration of the growth
of population of the barbarian
periphery (Nb)
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+
Acceleration of the growth
of military potential
of ‘barbarians’ (Mb)
+
Reduction of the rate of growth
of military potential of
civilization (Mc)

Reduction of the population size
of the civilizational center (Nc)
Fig. 10. System of positive feedbacks generating the accelerating
territorial counter-expansion of the barbarian periphery at
the 4th and 5th phases of computer simulation

It is interesting to note that in our computer simulation by the time of the beginning of counterattack of barbarian periphery the total number of ‘barbarians’
(7.9 million) is almost three times less than the number of ‘the civilized population’ (23.4 million), and the index of their general technological development (3.7) is much lower than the level of technological development of civilization (12.1). At the same time the counterattack of barbarians appears
to be possible due to a higher military participation ratio peculiar to them, and
also due to the point that at the beginning of counterattack their asabiyyah is
higher than the civilization asabiyyah, and their military technology is much
higher (7.15) than the general level of their technological development (3.7).
The growth rates of the total population of the World System decrease in
this phase almost three times from moderate 0.125 to 0.043 % per year. At the
end of this phase there begins the slowdown in rates of technological growth of
civilization. Urban population growth falls to 260 people per year, and growth
of the index of urbanization – to 0.0002 % per year.
Phase 4 (years 510–680 of the simulation). Accelerating expansion of the
barbarian periphery.
At this phase the mechanism of the positive feedback accelerating the counterattack of the barbarian periphery works at full capacity. The territory controlled
by the civilizational center is reduced by 2.5 million km2. The population of

172

A Model of Center-Periphery Interaction

the civilizational center is reduced from 24.1 to 21.7 million people. This reduction is only partially compensated by the increase in population of the barbarian periphery and hinterland of the World System; as a result, the growth
rate of total population of the World System falls from 0.043 to 0.01 % per
year. The rates of technological growth of civilization are reduced from 0.076
to 0.068 % per year. Since year 614 of our computer simulation the continuing
growth of urban population in the territory unoccupied by barbarians ceases
compensating the reduction of the urban population as a result of counterattack
of the barbarian periphery, and the total number of urban population begins to
decrease. Even earlier (since year 577 of the simulation) the World System urbanization index begins to decrease.
Phase 5 (years 680–935 of the simulation). Slowdown of the expansion of
the barbarian periphery.
During this phase a system of feedbacks reducing the vigor of counterattack of
barbarian periphery comes to the foreground.
Growth
of asabiyya of
the civilizational
center (Hb)
+
Increase
in the territory of
barbarian periphery
(Ab) =
Reduction
of the territory
of civilization (Ac)

+


Acceleration of the
growth of military
potential of the
civilizational
center (Mc)


–
–



+

Slowdown
of the growth of
military potential
of barbarian
periphery (Mb)

+


Reduction in rates
of borrowing
of military
technologies (Tmb)

+

Reduction
of asabiyya
of ‘barbarians’ (Hb)

Fig. 11. The system of negative feedbacks, generating the slowdown
of territorial expansion of the barbarian periphery during
Phase 5 of the computer simulation

Despite its slowdown, the continuing counterattack of the barbarian periphery
throughout this phase is able to lead to very significant consequences. The area
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of the territory controlled by the civilizational center is reduced almost twice.
The population of the civilizational center falls from 21.73 to 15.97 million
people. Until year 730 of the simulation this reduction is compensated in
a lesser degree than earlier by the increase of population of the barbarian periphery and hinterland of the World System; therefore the growth rate in the
World System total population reduces almost to zero. Later, the effect of
the slowdown of expansion of the barbarian periphery begins to manifest itself, which against the background of continuing acceleration of growth rates
of population of the barbarian periphery and hinterland leads to the renewal of
the increase in growth rates of the total population of the World System (though
it restarts growing very slow, showing the growth, say, only by 0.002 % between years 730 and 789 of our simulation, and even in 935 population growth
rates of the World System remain extremely low, i.e., 0.027 % per year, while
at the beginning of the first phase they were 0.37 % per year, i.e. they were ten
times higher). Technological growth rates of civilization continue to decrease
(from 0.068 to 0.05 % per year). The urban population declines from 403,000
to 344,000 people (at the same time the effect of the decline of the vigor of the
barbarian counterattack begins to manifest itself – the absolute rates of decrease in urban population reach maximum in years 817–838, and then begin
to decline). The World System urbanization index falls from 0.0116 to 0.0095
(though reduction rates of this indicator since year 865 of our simulation begin
to decline too).
Phase 6 (years 935–2885 of the simulation). Expansion of the barbarian
periphery reaches its peak. Approximate balance of forces. Civilization launches the counterattack.
During this phase, the territory of the barbarian periphery as compared to the
territory of the civilizational core changes rather slowly, no more than
0.01 million km2 per year (reaching at the inflection point just 0.5 km2 per year
in year 2047 of our simulation). At the first stage of this phase (years
935–2047), the action of the negative feedback described in Fig. 10 produces
its logical conclusion: military potentials of civilization and barbarian periphery
become equal to each other, and expansion rates of the barbarian periphery decline to zero. However, the rates of technological development (including the
growth rates of military technologies) of civilization continue to outpace those
for the barbarian periphery. As a result, the military potential of civilization
begins to exceed that of the barbarian periphery, and the civilization begins its
counterattack (with the level of 1.23 million km2) in year 2048 of our simulation. At first it proceeds very slowly (only 1.5 km2 during the first year of
the ‘counterattack’); but the beginning of civilization counterattack leads to the
formation of a system of positive feedbacks (described in Fig. 8), giving more
and more noticeable results every year, – growth of the civilization territory
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leads to the increase in its population which leads to the growth of military potential both directly and through acсeleration of technological growth rates; the
growth of military potential of civilization leads to further increase in its population, which leads to further acceleration of growth of its territory, etc. As
a result, the territory of civilization grows from the level of 1.23 million km2
in year 2048 to 2.94 million km2 by the end of this phase at increasing (but
still, in general, rather slow) rates.
The growth rates of the total population of the World System continue to increase throughout all the 6th Phase, but by very slow rates, increasing from 0.027
to 0.12 % per year, still remaining lower than the rates characteristic of the beginning of Phase 1. The population of the civilizational center continues to fall
until year 1438 of our simulation, declining from 15.97 to 12.73 million, and
then its growth resumes, and, by the end of the phase, the civilization population
reaches 38.5 million, considerably exceeding the level reached at Phases 1–3.
The reduction of technological growth rate of civilization continues till year
1439 of the simulation (declining from 0.05 to 0.04 % a year), and then this rate
begins to grow rapidly, reaching the level of 0.12 % per year by 2885 (i.e., it
considerably exceeds the level reached at Phases 1–3). The World System urban
population continues to decline till year 1169 of the simulation (decreasing from
344,000 to 320,000 people, then its growth is resumed, gradually accelerating,
and, by the end of Phase 6, the urban population of the World System reaches
2,340,000). The World System urbanization index continues to fall much longer – till year 1600 of our simulation, declining from 0.0095 to 0.0074; and then it
begins to grow with gradual acceleration, reaching the level of 0.0206 by the end
of Phase 6.
Phase 7 (years 2885–3209 of the simulation). As a result of a vigorous
counterattack civilization completely subordinates Zone 2, absorbing the whole
barbarian periphery.
During this phase, there is a rapid growth of all the modeled indicators of the
level of development of the World System. By year 3065 of the computer simulation the urban population of the World System reaches the level of 10 million,
and the World System urbanization index exceeds 10 % in 3123. In reality at
this level, civilization already have to contact with the extensive hinterland of
the World System (which during our simulation managed to achieve rather high
levels of population and technological development), whereas the World System hinterland would transform into the new barbarian periphery of civilization, which, with certain values of parameters, could lead to a new counterattack of the barbarian periphery at a higher level. However, it would lead to ad-
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ditional complication of the model from which we have decided to refrain at
this stage.26
It is interesting that correlation between technological development and urbanization of the World System generated by this model is surprisingly similar
to what we have seen above (see Fig. 4) for the empirical estimates of the level
of technological development of the World System, on the one hand, and the
level of its urbanization, on the other (see Figs 12–14):
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T, values of the index of the World System technological development
generated by the model
Fig. 12. Correlation between values of the World System technological development index (T) and the World System urbanization index generated by the model (u)
26

This model also does not describe the withdrawal of the World-System from the blow-up regime.
In theory, in our case it might be possible, having described basic population dynamics by means
of the following equations: dN/dt = r·dT/dt · (1–l); dN/dt  0,04; dl/dt = s·dT/dt · (1–l) (where l is
a proportion of literate population, and r and s are constants), and basic urbanization dynamics –
by means of the following equations: du/dt = v·dT/dt × (ulim – u) (where ulim is a maximum possible share of urban population, and v is a constant); justification of the equations of this type, see,
e.g., in the following works: Korotayev 2006a; Korotayev, Malkov, and Khaltourina 2007; Korotayev, Komarova, and Khaltourina 2007. However, we decided not to do it in order to avoid the
excessive complication of the model especially since it does not include the description of withdrawal of the World-System from the blow-up regime, and mathematical models with such a description have been already offered and published by us earlier (see e.g., Korotayev 2006; Korotayev, Malkov, and Khaltourina 2007; Korotayev, Komarova, and Khaltourina 2007).

u, empirical estimates of the World System urbanization index
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Fig. 13. Correlation between the empirical estimates of the index of
the World System technological development (T) and the
empirical estimates of the World System urbanization index
(u) (3500 BCE – 1970 CE)

In this figure, most part of the curve up to 430 BCE looks like a solid black
spot. However, after ‘zooming’ in this spot, it is possible to see that the curve in
this sector has a form that is surprisingly similar to the one of the whole graph –
a sort of fractal effect (see Fig. 14):
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Fig. 14. Correlation between the empirical index of the World System
technological development (T) and the World System urbanization index (u) (3500 BCE – 210 BCE)

As we see, the shapes of all the three curves are amazingly similar: in the initial
part of the figure even rather small technological growth is followed by very
noticeable growth of urbanization of the World System. Then it is followed
by a pronounced interval when further technological growth is accompanied by
decrease of the urbanization level, which is changed by an interval where technological growth is accompanied by slow growth of urbanization which is followed by a stretch where technological growth is accompanied by rapid growth
of urbanization with a subsequent new interval of relative slowdown.
It is worthy of note that formal indicators of correlation for model values of
these two variables (R = 0.95, R2 = 0.903) are almost identical to those for correlation calculated by us (see note to Fig. 4) for empirical values of these variables.

178

A Model of Center-Periphery Interaction

Perhaps, it is not a pure coincidence, as this correlation both in our model
and in reality in many respects was generated by similar mechanisms. Thus,
the impact of the barbarian periphery on the central (‘civilized’) territories of
the World System in the 1st millennium CE led to noticeable barbarization and
de-urbanization of many of these zones as a result of which the World System
urbanization index considerably decreased. At the same time, the rates of technological growth (both in our model and in reality) decreased, but technological
growth did not stop completely since at that time new inventions and discoveries continued to be made (especially in those zones of the World System which
underwent de-urbanization least of all). As a result, at that time the decrease
in the level of urbanization was followed by some (albeit decelerated) growth of
the level of its technological development, which caused an apparent negative
correlation reducing general level of the general positive correlation between
the variables in question.
Note that, in our computer simulation, the final phases of conquest of the
barbarian periphery by civilization are not deprived of some dramatism. The
matter is that, not long before the end of the full conquest of the barbarian periphery by civilization, its asabiyyah falls to zero (‘dizziness with success’?)
which leads to a fast and powerful counterattack of the barbarian periphery,
burst of civilization asabiyyah and even more rapid final submission of the barbarian periphery (Fig. 15):
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Fig. 15. Dynamics of the civilization territory before the final conquest of barbarian periphery (years 3170–3209 of our computer simulation)

In our opinion, quite a probable scenario of events is modeled here; however,
fortunately, it does not appear to have been ever realized in real history of the
World System (though the events of 9/11, perhaps, can serve here as a slightly
resembling analogue).
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* * *
The numerical study of influence of parameter values on the dynamics of our
model shows that the key parameters determining the length of phases are as
follows: the coefficient of innovative activity (h in Eq. 8) defining the rates of
technological growth; the coefficient of territorial expansion (a in Eq. 1); the
coefficient of borrowing technologies of civilization by ‘barbarians’ (k in
Eq. 17) and in particular military technologies (n in Eq. 19); the coefficient of
dynamics of asabiyyah (e in Eqs 4 and 5), and also the relationship between the
coefficient of military participation of barbarians (b) and civilization (c).
Small reduction of the value of coefficient h with respect to the value mentioned in the note to Figs 6–8 leads to some reduction of duration of phases 1–3
and significant increase in duration of other phases, but first of all of Phase 6
(‘relative equilibrium of forces’); with reduction in coefficient of technological
development (h) the rates of historical development are slowing down (see
Fig. 16).
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Fig. 16. Dynamics of the territory of the World System civilizational
center generated by model (millions km2) with a small decrease in the coefficient of technological growth (h)

Small reduction of the coefficient of territorial expansion (a, Fig. 17), or small
increase in values of the coefficient of asabiyyah dynamics (e, Fig. 18), coefficient of borrowing of civilization technologies by ‘barbarians’ (k, Fig. 19) and,
in particular, military technologies (n, Fig. 20), and also small increase in gap
between the coefficients of military participation of population of the barbarian
periphery and civilizational core (b/c, Fig. 21), small reduction of initial values
of the level of technological development of civilization (Tc0, Fig. 22), its territories and asabiyyah, and also small increase in the initial values of the level of
technological development, territory, and asabiyyah of the barbarian periphery
produce similar results.
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Fig. 17. Dynamics of the territory of the World System civilizational
center generated by model (millions km2) with a small decrease in the coefficient of the territorial expansion (a)
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Fig. 18. Dynamics of the territory of the World System civilizational
center generated by the model (in millions km2) with a small
increase in the coefficient of asabiyyah dynamics (e)
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Fig. 19. Dynamics of the territory of the World System civilizational
center generated by the model (in millions km2) with a small
increase in the value of overall coefficient of the borrowing
of civilization technologies by ‘barbarians’ (k)
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Fig. 20. Dynamics of the territory of the World System civilizational
center of generated by the model (in millions km2) with
a small increase in the value of the coefficient of borrowing
of civilization military technologies by ‘barbarians’ (n)
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Fig. 21. Dynamics of the territory of the World System civilizational
center generated by the model (in millions km2) with a small
increase in the gap between the military participation ratio
of barbarian periphery and civilizational core (b/c)
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Fig. 22. Dynamics of the territory of the World System civilizational
center generated by the model (in millions km2) with a small
reduction of initial value of the level of civilization technological development (Tc0)
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The above described small changes of parameters and initial conditions of the
model lead to the reduction of sizes of territory to which control of civilization
extends during the first wave of its expansion (Phases 1–2.5), and also to increase in duration and intensity of counterattack of the barbarian periphery
(Phases 2,5–5,5). As a result, the zone remaining under control of civilization
at the maximum of barbarian counter-expansion is reduced. The further change
of parameters and initial conditions in this direction leads to significant changes of the overall picture of dynamics and implementation of a significantly
different scenario. If (as a result of the barbarian expansion) the civilization
zone is reduced to the level below 1 million km2, it means that in the respective
model simulation the barbarian periphery manages to conquer a part of the nuclear civilization zone (Zone 1) with an especially high natural productivity. As
one can see in the model simulation, this leads to a very pronounced strengthening of barbarians (even at the phase when their counterattack approaches its
exhaustion) and to a very serious weakening of civilization. In our simulations,
the civilization could only launch a counterattack if barbarians managed to take
no more than 1–2 % of Zone 1. Otherwise sharp strengthening of barbarians
together with sharp weakening of civilization leads to a new acceleration of
barbarian expansion and rapid final conquest of civilization by barbarians.
Thus, a new phase is added (Phase 6’ – the phase of the new acceleration of
barbarian expansion and final conquest of the civilization by barbarians), and
Phases 6.5–7 disappear.
Further reduction of the coefficient of territorial expansion (a) reduces the
size of the territory which is under control of civilization at the peak of its territorial expansion, but at the same time postpones ‘barbarian occupation’, prolonging the life of civilization (see Fig. 23).
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Fig. 23. Dynamics of the territory of the World System civilizational
center generated by the model (in million km2) at considerable decrease in the coefficient of territorial expansion (a)
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On the other hand, further reduction of the coefficient of innovative activity (h)
or increase in the values of the coefficient of asabiyyah dynamics (e), the coefficient of borrowing technologies of civilization by ‘barbarians’ (k) (and, in
particular, military technologies (n)), as well as further increases in the gap
between coefficients of military participation of population of the barbarian
periphery and civilizational core (b/c), further reduction of the initial values of
the level of technological development of civilization (Tc0, Fig. 22), its territory
and asabiyyah, and also further increase in initial values of the level of technological development, territory, and asabiyyah of the barbarian periphery lead to
reduction of the ‘life of civilization’, to its more rapid conquest by barbarians
(Figs 24–30):
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Fig. 24. Dynamics of the territory of the World System civilization center generated by the model (in millions km2) with a considerable decrease in the coefficient of technological growth (h)
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Fig. 25. Dynamics of the territory of the World System civilization
center generated by the model (in millions km2) with a significant increase in the coefficient of asabiyyah dynamics (e)

184

A Model of Center-Periphery Interaction

20

20

18

18

16

16

14

14

12

12

10

10

8

8

6

6

4

4

2

2

0

0
0

500

1000

1500

2000

2500

3000

0

500

a) k = 0.000520

1000

1500

2000

2500

3000

b) k = 0.005000

Fig. 26. Dynamics of the territory of the World System civilization
center generated by the model (in millions km2) with a significant increase in the value of general coefficient of borrowing of civilization technologies (k) by ‘barbarians’
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Fig. 27. Dynamics of the territory of the World System civilization
center generated by the model (in millions km2) with a significant increase in the value of coefficient of borrowing of
military technologies of civilization by ‘barbarians’ (n)
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Fig. 28. Dynamics of the territory of the World System civilization
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Fig. 29. Dynamics of the territory of the World System civilization
center (in millions km2) generated by the model with a considerable reduction of the initial value of the level of technological development of civilization (Tc0)

It is obvious that with such values of parameters the model describes quite
a real scenario. Indeed, with a certain set of parameters the expansion of civilization could create such a powerful barbarian periphery that its counterattack
could be able to destroy this civilization (the classic example here is the conquest by barbarians of Rome, expansion of which in many respects gave barbarians that very strength which eventually helped them to break down their
formidable opponent [see, e.g., Turchin 2005]).
Beyond a certain limit we get a scenario of more and more rapid conquest
of civilization by barbarians already without a phase of the initial civilizational
expansion (see Fig. 30).27

27

We should also note that the change of parameters of the model in this direction is after all meaningful only to a certain degree. Say, the coefficient of military participation of barbarians (b),
cannot by definition exceed 1.0, but even 1.0 describes an unrealistic scenario because the entire
population of any society (including, as we know, newborn babies and very old men and women)
cannot actually take part in combat. Similar restrictions also exist for all other parameters and initial conditions of the model.
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Fig. 30. Dynamics of the territory of the World System civilization
center generated by the model (in millions km2) with a large
gap in coefficients of military participation and very high initial value of ‘barbarians’ asabiyyah

In this case we have already a rather banal scenario of the final conquest of
civilization by barbarians whose military superiority has already been determined by initial parameters and initial conditions, while civilization (with the
same parameters and initial conditions) has no chance to effectively resist the barbarian expansion.28
In case of little change of parameters and initial conditions in the opposite
direction29 (in relation to the parameters and initial conditions described in the
note to Figs 5–7) we will see in our computer simulations some increase in du28

At the same time, say, if the conquest of civilization by ‘barbarians’ within the model is brought
about by assigning to ‘barbarians’ a higher initial value of asabiyya (H), it can already be interpreted within Ibn Khaldun's tradition (see, e.g., Ibn Khaldun 1958, 2004; Batsieva 1965; Ignatenko 1980; Alekseev and Khaltourina 2004; Turchin 2003, 2007; Korotayev and Khaltourina
2006; Korotayev 2006e, 2007c, 2007d; Inan 1933; Mahdi 1937) as the conquest of a lowassabiyyah civilization by high-asabiyyah barbarians, which does not ‘end the history’, but begins its new round, a new ‘Khaldunian’ dynastic cycle, but this will be quite a different model.
29
That is with a small increase of the coefficient of technological growth (h) and the coefficient of
territorial expansion (a), or with a small reduction of the values of the coefficient of asabiyyah
dynamics (e), the coefficient of borrowing of civilization technologies by ‘barbarians’ (k) and,
in particular, military technologies (n), and also with a small decrease of the gap between military participation ratios of the barbarian periphery and civilizational core (b/c), with a small increase in the initial values of the level of technological development of civilization (Tc0,
Fig. 22), its territory and asabiyyah, and also with a small reduction of the initial values of the
level of technological development, territory and asabiyyah of the barbarian periphery.
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ration of phases of the initial expansion of civilization, the territory occupied by
it during expansion (as well as the territory retained by it at the peak of ‘barbarian’ counterattack), and reduction of duration of all subsequent phases, and in
particular Phase 6 (‘relative balance of forces’) (Figs 31–37):
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Fig. 31. Dynamics of the territory of the World System civilization
center generated by the model (in millions km2) with
a small increase in coefficient of technological growth (h)
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civilization center generated by the model (in millions km2)
with a small increase in the coefficient of territorial expansion (a)

188

A Model of Center-Periphery Interaction

20

20

18

18

16

16

14

14

12

12

10

10

8

8

6

6

4

4

2

2

0

0
0

500

1000

1500

2000

2500

3000

0

500

a) e = 0.0520

1000

1500

2000

b) e = 0.0505

Fig. 33. Dynamics of the territory of the World System civilization
center generated by the model (in millions km2) with a small
reduction of the coefficient of asabiyyah dynamics (e)
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Fig. 34. Dynamics of the territory of the World System civilization
center generated by the model (in millions km2) with a small
reduction of the value of the general coefficient of borrowing
of civilization technologies by ‘barbarians’ (k)
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Fig. 35. Dynamics of the territory of the World System civilization center generated by the model (in millions km2) with a small reduction of the value of the coefficient of the borrowing of military technologies of civilization by ‘barbarians’ (n)
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Fig. 36. Dynamics of the territory of the World System civilization center generated by the model (in millions km2) with a small reduction of gap between military participation ratios of barbarian periphery and civilizational core (b/c)
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Fig. 37. Dynamics of the territory of the World System civilization
center generated by the model (in millions km2) with a small
increase in the initial value of the level of technological development of civilization (Tc0)
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In case of further changes of parameters in this direction (and, in particular,
with their combined changing) one can observe a further increase in duration
of phases of the initial expansion of civilization, the area of the territory occupied by it during the first expansion phases (as well as the territory kept by it
at the peak of ‘barbarian’ counterattack), and reduction of duration of all subsequent phases, and in particular Phase 6 (‘relative balance of forces’). Gradually duration of phases 3–6 reduces to zero, and they disappear, whereas phases 1–2 eventually merge with phase 7. As a result, we have only phase 1, and
further change of parameters in this direction leads only to reduction of the
period of time which is required for civilization to conquer its barbarian periphery (Figs 38–41):
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Fig. 38. Dynamics of the territory of the World System civilization center generated by the model (in millions km2) with a significant
increase in the coefficient of technological growth (h)
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Fig. 39. Dynamics of the territory e of the World System civilization
center generated by the model (in millions km2) with a considerable reduction of the coefficient of asabiyyah dynamics (e)
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Fig. 40. Dynamics of the territory of the World System civilization
center generated by the model (in millions km2) with a large
increase in the initial value of the level of technological development of civilization (Tc0)
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Fig. 41. Dynamics of the territory of the World System civilization
center generated by the model (in millions km2) with a simultaneous considerable reduction of the coefficient of asabiyyah dynamics (e) and a large increase in the initial value
of the level of technological development of civilization (Tc0)

Let us note that in all cases we deal with quite real scenarios of interaction between civilizational center and barbarian periphery. In fact if a technologically
highly developed (and, in addition, rapidly developing) civilization came in
contact with such a periphery which was extremely undeveloped technologically and incapable of borrowing technologies of civilization rather quickly, it
led to the accelerated conquest by civilization of its periphery that was incapable to produce any effective resistance to advancing civilization (the British
colonization of Australia presents a rather salient example of such a scenario).
Thus, depending on the given parameters and initial conditions the offered
model can describe mathematically seven significantly different scenarios of the
interaction between civilizational center and barbarian periphery (see Table 2):
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Table 2. Scenarios of interaction between civilization center and barbarian periphery described by the model depending on the
given parameters and initial conditions
Description of scenario
Values of parameters and initial conditions
1. Accelerated conquest of the barbarian Very high values of coefficients of technoperiphery by civilization
logical growth (h), territorial expansion (a),
very low values of coefficients of dynamics
of asabiyyah (e), borrowing of civilization
technologies by ‘barbarians’ (k) and, in particular, military technologies (n), very small
gap between coefficients of military participation of population of the barbarian periphery and civilizational core (b/c), very high
initial values of the level of technological
development of civilization (Tc0), its territory (Ac0) and asabiyyah (Hc0); very low initial
values of the level of technological development (Tb0), territory (Ab0) and asabiyyah
(Hb0) of the barbarian periphery
2. The phase of the accelerated expansion
↓
of civilization is followed by the phase of
↓
its slowdown caused by more and more
↓
effective counteraction of ‘barbarians’
↓
who, nevertheless, are not able to mount
↓
a counterattack
↓
3. The phase of accelerated and deep ex↓
pansion of civilization and phase of its
↓
slow-down is followed by rather short↓
term and shallow counterattack of ‘bar↓
barians’ which is succeeded by the phase
↓
of final submission of barbarian periphery
↓
4. The phase of still accelerating but less
↓
deep expansion of civilization and the
↓
phase of its slowdown is followed
by the phase of a long and deep offensive
↓
of ‘barbarians’ which is succeeded by
↓
a long phase of relative balance of forces
↓
which is followed by the phase of final
↓
submission of the barbarian periphery by
↓
civilization
↓
5. The phase of less and less accelerating
↓
and deep expansion of civilization and
↓
the phase of its slow-down is followed
↓
by the phase of the long and deep offen↓
sive of ‘barbarians’ which is gradually
↓
slowed down by more and more effective
↓
counteraction of civilization which,
↓
nevertheless, is not able to prevent its
↓
complete conquest by barbarians
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Description of scenario
6. The phase of rather shallow slowing
down expansion of civilization is followed
by the phase of accelerated advance of
‘barbarians’ which results in the conquest
of civilization by the ‘barbarians’
7. As a result of a rapid, increasingly
accelerating offensive, the barbarians
conquer civilization

Values of parameters and initial conditions

Very low values of the coefficient of technological growth (h) and the coefficient of the
territorial expansion (a); very high values
of the coefficient of dynamics of asabiyyah (e), the coefficient of borrowing of civilization technologies (k) by ‘barbarians’ and,
in particular, military technologies (n);
a wide gap between military participation
ratios of the barbarian periphery and civilizational core (b/c); very low initial values
of the level of technological development of
civilization (Tc0), its territory (Ac0) and asabiyyah (Hc0); very high initial values
of the level of technological development
(Tb0), territory (Ab0) and asabiyyah (Hb0)
of the barbarian periphery

Thus, the scenario displayed above in Figs 5–7 and most precisely describing
the influence of interaction between the civilization center and barbarian periphery on the World System development is intermediate among the abovedescribed scenarios. One can suppose that this is not a coincidence. In fact,
there are some grounds to maintain that this interaction could have the historically attested impact only with intermediate values of parameters. Barbarians could not confront effectively the expansion of civilizational and launch
a massive counterattack with very low values of coefficients e, k, n and b, i.e.,
if their collective solidarity were not sufficiently amplified under the influence of pressure of civilization, if they had not been able to adopt vitally important technologies of civilization (including military ones) quickly enough,
if they had not have a much higher military participation ratio. On the other
hand, a too high value of these parameters would not have made the expansion of civilization of the World System possible, or would have even led (at
especially high values of these parameters) to rapid conquest of civilization
by barbarians before the civilization expansion could start. One can say the
same about the values of all the other significant parameters of the model,
and also about the values of the initial conditions (e.g., if at the time of clash
of civilization with the barbarian periphery the relative level of its technological development had been too low, it would not have been able to begin
expansion at all, and with an extremely high value it would have rapidly subordinated the periphery that would be incapable of offering any effective resistance).
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On the other hand, we can easily see that practically all the scenarios described above were observed in the history of the World System at the level of
some specific civilization zones and their peripheries. In many respects this is
precisely why the total dynamics of the World System appears to be the closest
to the intermediate scenario of the model.
Of course, in our case the fit of theoretical curve with empirical estimates
is still far from being ideal – which is not surprising since nobody would claim
that the interaction between civilization core of the World System and its barbarian periphery was the only factor that defined the characteristic form of the
curve of world urbanization dynamics.
What is really surprising for us, is the fact that the offered model after all
appeared capable to describe the general form of this dynamics so precisely
(though, of course, imperfectly). Hence, this suggests that the interaction between the civilization core of the World System and its barbarian periphery was
really an important factor making a notable contribution (until very recently) to
giving the peculiar form to the curve of the world urbanization dynamics.
The proposed model suggests that in the history of the World System development the important component of World System phase transitions А1 and
А2 could be not only the movement of its core to a new level of complexity, but
also the formation of barbarian periphery of an essentially new type capable to
offer much more effective resistance to civilization expansion and to mount
successful counterattacks that apparently could make a noticeable contribution
to the formation of the ‘attractor effect’ during periods В1 and В2.
There are also some more points that seem to be capable to explain why
this model which takes into account only one factor of the World System dynamics (and not always the most important one), was able to generate the curve
so well describing empirically observed historical macrodynamics. The fact is
that this model, most likely, describes general development logic of the World
System within which the hyperbolic growth of its civilizational core creates
powerful forces restricting this growth at certain phases of the World System
development (or, to be more exact, moving the World System to a new, lower,
hyperbolic trajectory) (see, e.g., Korotayev 2006d, 2007; Korotayev, Malkov,
and Khaltourina 2007; Grinin and Korotayev 2009b).
For example, one of such factors (which influenced dynamics of the World
System in Phase В2 probably, not lesser, if even not greater than the effect of
interaction between civilization center and barbarian periphery) was earlier
described by us as follows:
The growth of the World System population by the end of the 1st millennium BCE up to 9-digit numbers produced a breeding ground that led to
an almost inevitable appearance of a new generation of more lethal and
epidemically destructive pathogens that could not reproduce themselves
in smaller populations (Diamond 1999: 202–205; McNeill 1993; Koro-
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tayev, Malkov, and Khaltourina 2005: 105–113; 2006a), whereas the
level of health care technologies achieved by the World System by the
beginning of the 1st millennium CE turned out to be totally inadequate
for the radically increased level of pathogen threat. Thus, the Antonine
and Justinian's pandemics led to global depopulations of the 2nd and
6th centuries, contributing in a very significant way to the slowdown of
the World System demographic growth in the 1st millennium CE. Note
that due to this, since the early 1st millennium CE the role of health care
technologies as a determinant of the carrying capacity of the Earth dramatically increases, which at least partly accounts for the change
of the hyperbolic growth regime’ (Korotayev, Malkov, and Khaltourina
2006b: 159; 2007: 206).

It is very important that the logic of action of this factor is extremely similar to
the logic of action of the factor analyzed in this article. In the both cases, the
hyperbolic growth of civilization creates powerful forces that block this growth.
On the other hand, the pressure of the barbarian periphery was able to stimulate the growth of military potential of civilization, whereas pathogenic attacks
on the World System eventually stimulated development of health care technologies which allowed the World System to repulse these attacks more successfully and renew its hyperbolic growth.30
The logic of this factor is similar to the logic of another factor (which, apparently, had an even greater influence on the World System dynamics World
System in phase В1,than the effect of interaction between the civilizational center and barbarian periphery) – the factor of environmental degradation under
the influence of the hyperbolic growth of civilization. This factor is most evident in the history of ancient Mesopotamia (whose curve of urbanization dynamics in the 4th – early 2nd millennia BCE defined the general shape of the
World System urbanization dynamics curve to a very considerable extent). As
is well known, the explosive growth of civilization in this region led to catastrophic soil salination in its most developed zone, in Lower Mesopotamia,
which, in turn, led to decrease in rates of demographic and urbanization growth
here up to negative values in the middle of the 3rd millennium. On the other
hand, environmental degradation stimulated the technological growth here
which in the 1st millennium CE led to the restoration of the carrying capacity
values here up to the levels of the beginning of the 3rd millennium BCE, and
then to its noticeable expansion (Dyakonov 1983: 272, 330; Chubarov 1991;
Roberts 1998: 175).

30

It appears appropriate to recollect at this point that this growth continued up to the early 1970s
when the World-System started to withdraw from the hyperbolic growth regime (i.e., the blowup regime) due to force created by its hyperbolic growth, but these were forces of another kind
(Korotayev, Malkov, and Khaltourina 2006a, 2006b, 2007).
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These facts explain to some extent a paradox that can be noticed above in
Figs 1–2, 5–7, and 12–14. The point is that in order that the interaction of civilization center and barbarian periphery could produce an effect that is similar to
the one that is actually observed, the territory under the control of civilization
should be decreased manifold and remain at an extremely low level for a very
long period of time, which apparently did not happen in reality. Apparently,
what was not ‘consumed’ by ‘barbarians’ at ‘sinks’ in Figs. 1–2 corresponding
to the phases В1 и В2 was mostly ‘eaten away’ additionally by pathogenic attacks and environmental degradation.
Finally, let us dwell upon some other factors that seem to be relevant for
modeling of the long-term dynamics of the World System. One of these factors
was described by us earlier as follows:
Some hint here seems to be suggested by mathematical models (0.11)(0.13)-(0.12) and (0.13)-(0.14)31 described in the Introduction. According to these models any long-term decrease of per capita surplus (S)
must lead to the decrease of population growth rates and, hence, the
slow-down of technological growth. In the meantime, by the end of
the Axial Age we seem to observe a World System trend towards the decline of precisely this indicator. This was connected not with decline of
production, but rather with the growth of m, the per capita product that
is necessary for the population reproduction with zero growth rate, the
‘minimum necessary product’ (MNP). In the 1st millennium BCE
the rapid population growth sustained the hyperbolic growth of the
complexity of sociopolitical infrastructures (on the other hand, of course,
the hyperbolic population growth was also sustained by a hyperbolic
growth of sociopolitical complexity – once more we are dealing here
with the positive feedback phenomenon). However, the radical increase
in sociopolitical complexity meant a radical increase in the MNP, as the
substantial expenses necessary for the normal functioning of these sociopolitical infrastructures should be regarded, in this context, as a part of
the minimum necessary product (rather than as surplus). Indeed, by the
end of the 1st millennium BCE the World System population reached
9-digit numbers; even a simple reproduction (at zero growth rate) of so
huge a population required maintenance of normal functioning of all
those infrastructures (transportation, judicial, administrative and other
such subsystems). Within such a context, if the product produced this
year by a peasant is only sufficient to secure the survival of himself and
his household, but not sufficient to pay any taxes, it is impossible to say
that this peasant has produced this year the minimum necessary product. In fact, what he has produced this year is smaller than the MNP.
Indeed, as the experience of post-Axial centuries showed on numerous
occasions, in supercomplex agrarian societies the decrease of per capita
31

These numbers refer to equations presented in the Introduction (Korotayev, Malkov, and Khaltourina 2006b).
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production (usually as a result of relative overpopulation) down to a level that did not allow the population to pay taxes led to the disintegration
of sociopolitical infrastructures and demographic collapse (see Korotayev, Malkov, and Khaltourina 2006b: Chapters 1–432). There are
grounds to maintain that the rapid growth of the MNP in the 1st millennium BCE exceeded the growth of the equilibrium per capita production,
which resulted in the long-term decrease of real S, and, hence, the decrease of the World System population growth rates. On the other hand,
it led to the decrease of sociopolitical system stability, and, hence, to the
increase in the importance of the role of cyclical and chaotic components
of the macrohistorical dynamics in comparison with the trend component (Ibid.: 159–160; 2007: 206–207).

Obviously, in this case we also deal with a force that was created by the hyperbolic growth of the World System and that blocked for some time the further hyperbolic growth of the World System.
In conclusion, we would like to make a few additional comments. We are
well aware of the fact that many assumptions of our model simplify (sometimes
even over-simplify) the situation observed in historical reality. It is worth pointing out some of such assumptions and points which should be developed, systematized and considered in future generations of models of interaction between
civilization center and barbarian periphery.
First of all, one should note that one of the strongest simplifications of the
model was that the World System consisted of only one civilization and only
one barbarian periphery (though in history we naturally deal with a number of
civilizations and barbarian peripheries surrounding them). Taking into consideration the multiplicity of civilizations may become one of the leading directions
of further development of our model. It could also be possible to present some
typology of both civilizations, and barbarian peripheries and to use this typology for explanation of characteristic features of the World System dynamics
both within basins of attraction, and during phase transitions.
For example, it would be worth dividing barbarian periphery into two types.
The first one is represented by barbarians-agriculturalists; the second one is by
barbarians-herders (nomads). This point is important with respect to the level of
the world urbanization, because nomadic population constituted a rather small
fraction of the global population, whereas barbarians-farmers could constitute
a substantially higher percentage (e.g., according to some estimates, the population of Gaul before the Roman conquest was between 5 and 10 million [see, e.g.,
Braudel 1995: 61–62]). Note that the transition of nomads, semi-nomads and
extensive farmers to settled intensive agriculture appears to have greatly influenced the population dynamics of the World System. Apparently, period В1 is
32

See also, e.g., Nefedov 2001, 2002a, 2002b, 2003, 2004, 2005, 2007, 2013; Turchin 2003: 121–127;
Turchin and Nefedov 2009.
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characteristic of such transition (in particular, in India among Indo-Aryans,
in Iran, among the Dorians in Greece, in a number of other areas of Europe,
etc.). In other words, transformations of barbarian periphery could significantly
change proportions in the world population and its urbanization due to population
growth of the barbarian periphery (which is considered only partially in the present version of the model).
At the initial stage (the first two thirds of the 1st millennium CE), period В2
was connected with absorption by the civilization center of the huge number of
barbarians who intruded in its territory. However, it appears necessary to take
here into account the difference between complex agrarian societies of B1 period
and supercomplex agrarian systems of В2 period in respect of the economic role
of cities.
In typology of civilization centers it appears important to distinguish between irrigation and non-irrigation civilizations. It is very important due to significant differences in the processes of their urbanization. In particular, three functions of cities in the regions of river civilizations were more developed than in
other places: economic, redistributive and sacral. And that fact made the cities
actually a part of agrarian technology within civilization whereas cities could not
act as such an integral element elsewhere. Moreover, the politically centralizing
role of the cities in irrigation civilizations was also higher, and non-irrigation agricultural civilizations had more opportunities to remain decentralized without
great losses for efficiency of functioning of their economy. As a result, the elite of
irrigation civilizations was to a greater extent urban, and the elite of non-irrigation
civilizations might be rural to a greater extent (e.g., in the medieval Islamic Middle East the elite was generally urban, and in medieval Europe it was rural to
a greater degree). Thus, the character of civilizations and barbarian periphery at
different stages might influence the level of urbanization.
Distinguishing types of civilizations and barbarian peripheries could help
us to achieve a significant clarification of typical reasons and variants of military rivalry between civilizations and barbarians. In particular, it is possible to
preliminarily outline the reasons which forced civilizations and states to make
the expansion to the barbarian periphery (the reasons of attacks of barbarians
against civilizations will be discussed later):
1) Attempts to eliminate dangerous centers of constant concern and attacks. It was one of the main reasons of Chinese campaigns against Xiongnu,
Russian campaigns against Cumans, etc.
2) Attempts to bring back territories occupied by barbarians.
3) Campaigns to seize slaves and booty (were characteristic of a number of
African states). This type of campaigns includes the attacks for the purpose
of getting tribute and necessary goods, strategic raw materials, etc. For example, the expansion of Russians to the North and Siberia was largely determined
by their need for furs.
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4) Campaigns with hegemonic purposes – ‘in pursuit of power’. It was an
important reason for which the Persian king Darius I tried to conquer Scythians.
5) Campaigns and conquests with some strategic aim (improvement of the
situation, acquirement of favorable and convenient means of communication,
elimination of potential danger, etc.). Among such cases one can mention conquests of Gaul and Dacia by Romans which were triggered by a special political situation, the involvement of these people into complex political game, attempts of their threat to Romans or their allies, etc. In particular, a cause for
Caesar's campaign to Gaul, as we know, was that the Sequani, which suffered
defeat from the Aedui, called Germans (Suevi and others) for help in campaign
led by Ariovist who not only successfully defeated the Aedui, but also began to
enslave the Sequani. These events served as an important pretext for Romans
to interfere in affairs of the Gauls (see: Caesar. The Gallic War I: 31–39). Conquests which were made under such circumstances were also very characteristic
of Europeans of the Modern Period.
6) Seizure of agricultural lands. One of examples are Charlenmagne's
campaigns against the German and other barbarians, another one is the expansion of the German knights to the Baltic States (a motive to seize lands for agricultural purposes was especially salient in this case). One can add the expansion of Carthage to Corsica, Sardinia and to Spain. It appears appropriate to
notice in all these cases we deal with the expansion to the territories occupied
by agriculturalists. And therefore it is very important to take into account (as
this is done in our model) that the territory of the barbarian periphery was divided, at least, into two types:
• the territory more economically attractive to the civilization;
• the territory less economically attractive.
It is obvious that expansion to the second type of territories was not important for civilization in itself (this only became important when this periphery
disturbed it). Not without reason China could refrain from such expansion for
a long time.
On the other hand, the systematic transition to intensive non-irrigation agriculture (that was observed just in the 1st millennium BCE) might fully
strengthen such expansion in its different types (for example, such was the case
with Greek colonization which can be considered as one of the types of nonmilitary or partly military expansion). In general, if the expansion of civilization to the barbarian periphery was in any way successful and prolonged, then
as a rule it led to assimilation of barbarians.33 One should note that in future
models it would be worthwhile introducing mathematical description of processes of barbarians' assimilation in a more explicit way.
33

However, civilization could not assimilate those barbarians who lived in marginal (unsuitable or
almost unsuitable for agriculture) zones.
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Probably, expansion of civilization to the periphery was not vital for a number of civilizations and played a subordinate role for them. However, such expansion was very important for the World System as a whole, which is shown
in our model.
One should also define different types of expansion of civilization to the
barbarian periphery. For example, it is possible to speak about assimilating expansion which might happen without essential resistance of the peripheral peoples. On the other hand, the more lands the civilization was bringing into its
economic turnover, the more often it faced a more resistent and intractable (and
at the same time less and less attractive economically) barbarian periphery.
Probably, in future models it would make sense to include mathematical
description of the expansion of some barbarians to the territory of others. If the
lands of nomads are often economically unattractive for civilizations, they are
almost always economically attractive to other nomads. But nomads can also
attack barbarians-farmers (as it happened with the Huns who attacked the
Goths). And such kind of expansion quite often causes great changes by
the ‘domino’ principle leading to general expansion of barbarians against the
civilization center.
We have already mentioned above that the issue whether barbarians need
or need not centralization for their successful expansion against the civilization
has no unambiguous solution.
Successful wars and especially conquests of neighboring states by barbarians were quite often connected with successful centralization of barbarians (at
least temporary) around some leader. It is relevant for the Xiongnu, the Mongols, the German tribes, the Huns, and many others. Sometimes as a result of
these perturbations the center strengthened and a large chiefdom emerged.
However, if this centripetal movement was insufficiently steady to become
permanent, the life cycle of a new large polity was short. Such fragile formations as the Slavic Samo‘state’ (Lozny 1995: 86–87), the Germanic tribal
unions of Maroboduus (among the Markomanni), Ariovistus (among the Suevi), Arminius (among the Cherusci), Claudius Civilis (among the Batavians)
(Neusykhin 1968: 601–602; Oosten 1996); the Hunnish ‘empire’ of Attila
(Korsunsky and Günther 1984: 105–116); the Getae and Dacians union led by
the ‘king’ Burebista (Fedorov and Polevoy 1984) and others usually disintegrated after the death of the charismatic leader (and sometimes during his life
as it happened to Maroboduus). Sometimes one could observe the decline of
the supreme power in analogues even before the death of such a leader, especially if there was a strong and self-willed elite.
While considering the interaction between barbarians and civilization one
should take into account the ambiguity of the solution of the issue of military
and technological superiority of the latter over the former. Anyway, such a superiority was not always sufficient as barbarians could compensate it by sud-
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denness or other advantages. Before the wide diffusion of iron, civilizations
having expensive and highly technological weapons (e.g., bronze arms) could
not always successfully resist barbarians either, especially if civilizations were
internally weakened.
It is also worth mentioning the features of barbarian political formations in
comparison with the states of civilization zone.
Of particular interest are barbarian analogues of the early state where the
political organism did not have rigidly fixed territory, more precisely, where
socio-political organism can change its territory rather easily. Of course, it is
much less characteristic for the states where the state control over a certain territory is almost obligatory. The states seldom change the core of their territory.34 No matter how the borders of states change, the core usually remains the
same, whereas barbarians, for example the Hungarians or the Goths (Shchukin
2005, etc.), were able to move thousands of kilometers ‘in search for their
home’. In some cases, an important cause for such migrations was constituted
by population pressure. ‘A sharp increase in population density in settled agricultural societies is well known, compared to the epoch of hunter-gatherers. It
increased almost a hundredfold’ (Masson 1976: 102–104, 189; 1980: 182–183).
The importance of demographic growth in increasing role of wars in the relations between societies is great. And wars can also lead to the development of
new political forms (e.g., Grinin andKorotayev 2012; Turchin 2015). Not without a reason Robert Carneiro constantly emphasizes that increased population
pressure can lead to wars and conquests, therefore state organization emerges in
certain cases and under certain circumstances (Carneiro 1970, 1978, 2000a,
2002; 2006, 2012; see also: Lewis 1981). High population pressure quite often
caused migrations and wars even among more populous state analogues. One of
the most known examples is the huge polity of the Visigoths which suffered
from relative overpopulation already under Hermanaricus in the middle of the
4th century CE (Shchukin 2005: 219), which was the most important reason for
their migration to Byzantium (note that this episode is often considered as the
beginning of the Great Migration Period ).
One should also take into consideration the point that barbarian periphery
being more poor and backward aspires to the robbery of civilization to a greater
extent, than vice versa. Arnold J. Toynbee (1991) (somewhat simplifying the
reality) said that ‘external proletariat’, i.e. barbarian peoples, posed threat for
civilization having ‘nothing to lose’ just as Marx’ proletariat, but they could
gain lots of assets by attacking the civilization. This, of course, strengthened the
barbarians' pressure.
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One of such extremely rare examples was represented by the South African Dutch who moved
their states far away from the British in 1836–1839 (see, e.g., Büttner 1981: 189–190).
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It also appears appropriate to mention the role of wars in the life of barbarian societies. As some researchers note, wars among hunter-gatherers were observed a bit less frequently than among barbarians (Lesser 1968: 94; Korotayev, Malkov, and Khaltourina 2006b; Korotayev, Komarova, and Khaltourina
2007: 143, 148). There is also a certain significant correlation between extreme
living conditions and a low level of aggression (Kazankov 2002). Therefore,
nomadic hunter-gatherers who live under especially extreme conditions can be
mostly characterized as relatively peaceful societies. It greatly differs from the
behavior of many nomadic herders living under extreme conditions and having
small population density. The latter are just distinguished by especially high
levels of aggression. Thus, aggression considerably increases with the transition
to barbarism. As Karl Marx and Friedrich Engels (who generally underestimate
the role of wars in history) note in the German Ideology (2004 [1845–1846]:
89), ‘with the conquering barbarian people war itself is still… a regular form of
intercourse, which is the more eagerly exploited as the increase in population
together with the traditional and, for it, the only possible, crude mode of production gives rise to the need for new means of production’.
It should also be noted that for barbarians (unlike for states/civilizations) external exploitation can play a significantly more important role than internal
exploitation (see, e.g., Kradin 1992; Grinin 1997, 2003a). Many researchers emphasize that very often exploitation begins not inside, but outside the society
since the stranger is protected by neither tradition, nor custom. External exploitation strengthens inequality and, undoubtedly, promotes the development of politogenesis. For example, K. Pietkiewicz notes that before the formation of the
Lithuanian state two basic strata were found among the Lithuanians: free farmers
and warriors (nobles) who were called kunigai, i.e., ‘dukes’, ‘lords’. ‘Dukes’ attained material well-being and high positions in society through predatory wars,
to a lesser extent through gathering tribute from their own population (Pietkiewicz 2006: 306).
Acts of violence often played a very important role in the life of culturally
simple farmers and herders. Such actions were one of the most important ways
for individuals to raise their social status. For example, N. A. Butinov writes
the following about the Papuans:
There were two ways of advance up to high rankers: peaceful and military; the second, probably, prevailed. The aspirant for a higher status
brought together a group of men. Under his leadership they attacked
neighboring villages, plundered, killed, subordinated survived to their
power. The reason for attack was easy to invent (e.g., black magic, theft
of pigs, abduction of women, disputes on the territory etc.). Justification
of murder of aliens was not necessary, as it was considered a good deed.
Intercommunal wars took place very often (Butinov 1995: 62).
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Wars played a significant role even in the formation of simple chiefdoms (see
Carneiro 1970, 1981, 2004, 2012). On the whole the ideas to occupy neighboring settlements by force of arms; to take prisoners and to force them to work as
slaves; to demand periodic payment of a tribute’ were rather wide spread
(though not universal) at that time (see, e.g., Carneiro 2004; see, however,
Zinkina et al. 2016).
Emergence or diffusion of some important technological innovations could
lead to great changes in politogenesis and could become its accelerator. As
a result, intensive politogenetic processes could begin in those places where
politogenesis was strongly delayed or impossible at all before. As has been
mentioned above, the role of such an accelerator might have been played by the
diffusion of iron metallurgy, progress in using of mount or draught animals.
Emergence of the cavalry, iron weapons, etc. also promoted ‘intensification’ of
military operations, strengthened the role of wars in politogenesis.35
The role of wars in some respects is especially significant in the development and transformation of pre-state and state analogue barbarian societies. For
most of relevant barbarian peoples, wars became the most important factor of
their transformation into the state. A striking example was the state of the Zulu
which at the beginning of the 19th century transformed from a conglomerate of
chiefdoms into an empire very quickly (just in two or three decades) (see, e.g.,
Davidson 1968: 5; 1984: 161; L'vova 1984: 47; Maquet 1974: 91; Potekhin
1954: 545; Gluckman 1987 [1940]: 29). Wars also played a prominent role in
generating many important innovations which could be the source of ‘energy’
promoting the most powerful expansions and important reasons for fast military
victories changing the World System map. In particular, there are some opinions that at the beginning of the second millennium CE evolution of nomadic
military science reached such a level of development that essentially affectted military art of other societies and civilizations of Eurasia (Khudyakov 1991:
3). The idea that at the beginning of the 13th century Mongols won in many respects due to some important innovations introduced in their military organization has become generally accepted (see, e.g., Khrapachevsky 2005).
One should also note here that there are significant divergences concerning
the role of wars in the processes of state formation. In the discussions over the
state formation, as James Ambrosino notes, ‘the role and influence of external
social factors, i.e. such impetuses which are created by contacts with foreign societies, were practically ignored’ (Ambrosino 1995: 54). Among modern researchers the theory of influence of wars on politogenesis and state formation was most systematically and consistently developed by Robert Сarneiro
35

E.g., with the diffusion of horses in the Great Plains, theft of horses became the main reason of
wars among the Amerindian peoples (such as the Omaha) in the North American prairies. Mobility of riding horses led to the point that the Utah, Apaches, Navaho, Shoshone and others began to
raid peoples they never faced before the penetration of horses (Dennen 1995: 429).
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(1970, 1978, 1981, 1987, 2000a, 2000b, 2000c, 2002, 2003, 2004, 2006, 2012;
see also Godiner 1991; Turchin 2010, 2015; Grinin and Korotayev 2012).
However, these ideas were not generally accepted. So, though the role of trade,
cultural and other borrowings and influence in political anthropology is considered more adequately to some extent, the significance of wars for processes of
politogenesis in general and formation of the state in particular is still underestimated by many researchers (if not by most of them).
It should be noted that in the late 19th century and the early 20th century
most scholars estimated the role of wars in the state formation much higher
than it was done later. For example, P. F. Preobrazhensky considered war as the
inevitable concomitant of the government (2005: 154). K. Kautsky (1931) contrary to the Marxist doctrine had to eventually recognize that conquest was the
most important cause for state formation. L. Gumplowicz and F. Oppenheimer
were the most famous researchers who believed that the state formed due to
a simple conquest of one nation by another. It is also worth mentioning Gustav
Ratzenhofer.36 Subsequently such approaches were rejected as too primitive not
without some reason. Nevertheless, mistakes of a century ago do not mean that
wars did not play an important role in politogenesis. Just on the contrary. At
least, we do not know any case when the military factor was absent (at least in
some form) during emergence and formation of the early state. By the military
factor we mean a situation, connected both to waging wars in this or that way
(aggressive or defensive), and with preparation for them, or with a direct conquest (submission) of some communities by means of military force (for more
details see Grinin 2007a; Grinin and Korotayev 2012). At the same time the
emergence of many states (even in terms of creation of truly new political and
administrative forms) often took place on the basis of military structures, customs, institutes, for example military camps of young men, troops, personal
guard, security structures, etc. (see, e.g., L'vova 1995: 161; Orlova and L'vova
1978; Miller 1984: 191; Bocharov 1991: 70).
Probably it would make sense to include in the future models a mathematical description of the point that the diffusion of civilization happened not only
due to military or settler expansion of civilizations, but also due to development of certain zones of barbarian periphery that quite often passed civilizational threshold directly in the course of offensive on the neighboring civilization or during defense against this offensive. So, A2 period is characterized
by transformation of the extensive part of barbarian agricultural periphery into
civilization which was an important factor of the additional growth of urban
population.

36

The review of theories of power in respect to formation of the state, see, e.g., in R. L. Carneiro's works (Carneiro 1970, 2006, 2012).
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If we take into consideration these factors, as well as factors of cyclic and
stochastic dynamics, this may allow us to develop such mathematical models
that may be capable of giving more exact description of the long-term dynamics of the World System.
References
Abu-Lughod J. 1989. Before European Hegemony: The World System A.D. 1250–1350.
New York, NY: Oxford University Press.
Abu-Lughod J. 1990. Restructuring the Premodern World-System. Review 13(2):
273–286.
Akhiezer A. S. 1995. The City is the Focus of the Urbanization Process. City as a Sociocultural Phenomenon of Historical Process / Ed. by E. V. Sayko, pp. 21–28. Moscow: Nauka. In Russian (Ахиезер А. С. Город – фокус урбанизационного процесса. Город как социокультурное явление исторического процесса / Ред Э. В.
Сайко, с. 21–28. М.: Наука).
al-Dzhabarti, ‛Аbd Ar-Rakhman. 1978. Egypt on the Eve of Bonaparte's Expedition
(1776–1798). Moscow: Glavnaya redaktsiya vostochnoy literatury. In Russian (алДжабарти, ‛Абд Ар-Рахмāн. Египет в канун экспедиции Бонапарта (1776–
1798). М.: Гл. ред. восточной литературы).
Alekseev I. L., and Khaltourina D. A. 2004. Ibn Khaldun and the Theory of Demographic Cycles in Modern Social Sciences. School of the Young Orientalist – 2004 /
Ed. by I. M. Steblin-Kamensky, I. M. Dyakov, A. A. Maslov, and Kh. R. Usoyan,
pp. 129–133. St. Petersburg: St. Petersburg State University. In Russian (Алексеев И. Л., Халтурина Д. А. Ибн Халдун и теория демографических циклов в современных социальных науках. Школа молодого востоковеда – 2004 / Ред.
И. М. Стеблин-Каменский, И. М. Дьяков, А. А. Маслов, Х. Р. Усоян, с. 129–
133. СПб.: СПбГУ).
Alekshin V. A. 1986. Some Regularities of Development of Social System of the Ancient Agrarian Societies (According to Funeral Ceremonies). Ancient Civilizations of
the East / Ed. by V. M. Masson, pp. 21–29. Tashkent: FAN. In Russian (Алекшин В. А. Некоторые закономерности развития общественного строя древнеземледельческих обществ (по данным погребальных обрядов). Древние цивилизации Востока / Ред. В. М. Массон, с. 21–29. Ташкент: ФАН).
Ambrosino J. N. 1995. Inter-Societal Contact and the Rise of the State: A Brief Note
from Work in Progress. Alternative Pathways to Early State / Ed. by N. N. Kradin,
and V. A. Lynsha, p. 54–59. Vladivostok: Dal'nauka.
Andreev Yu. V. 1979. Antique polis and the east city-states. Antique Polis / Ed. by
E. D. Frolov, pp. 8–27. Leningrad: Leningrad University. In Russian (Андреев Ю. В.
Античный полис и восточные города-государства. Античный полис / Ред.
Э. Д. Фролов, с. 8–27. Л.: Издательство Ленинградского университета).
Artzrouni M., and Komlos J. 1985. Population Growth through History and the Escape from Malthusian Trap: A Homeostatic Simulation Model. Genus 41: 21–39.

Andrey V. Korotayev and Leonid E. Grinin

207

Bahrey. 1976 [1593]. History of the Galla. Some Records of Ethiopia (1593–1646). / Ed.
by C. F. Beckingham, and G. W. B. Huntingford. London : Hakluyt Society.
Barfield T. 1991. Inner Asia and Cycles of Power in China's Imperial History. Rulers
from the Steppe: State Formation on the Eurasian Periphery / Ed. by G. Seaman,
and D. Marks, pp. 21–62. Los Angeles, CA: Ethnographics Press.
Barfield T. J. 2006. The World of Nomads-Cattle Farmers. Early State, its Alternatives
and Analogues / Ed. by L. E. Grinin, D. M. Bondarenko, N. N. Kradin, and
A. V. Korotayev, pp. 415–441. Volgograd: Uchitel. In Russian (Барфилд Т. Дж.
Мир кочевников-скотоводов. Раннее государство, его альтернативы и аналоги / Ред. Л. Е. Гринин, Д. М. Бондаренко, Н. Н. Крадин, А. В. Коротаев, с. 415–
441. Волгоград: Учитель).
Batsieva S. M. 1965. Historical and Sociological Treatise of Ibn Khaldun ‘Mukaddim’.
Moscow: Nauka. In Russian (Бациева С. М. Историко-социологический трактат Ибн Халдуна «Мукаддима». М.: Наука).
Blair P. H. 1966. Roman Britain and Еarly England 55 B.C. – A.D. 871. New York,
NY – London: W. W. Norton and Company.
Bocharov V. V. 1991. Political Systems of Tropical Africa: From Tribe to State. Tribe
and State in Africa / Ed. by Yu. M. Ilyin, V. A. Popov, and I. V. Sledzevsky, pp. 65–
75. Moscow: Institut Afriki RAN. In Russian (Бочаров В. В. Политические системы Тропической Африки: от племени к государству. Племя и государство в
Африке / Ред. Ю. М. Ильин, В. А. Попов, И. В. Следзевский, с. 65–75. М.: Ин-т
Африки РАН).
Braudel F. 1995. What is France? Vol. 2. Part 1. Moscow: Izdatel'stvo imeni Sabashnikovykh. In Russian (Бродель Ф. Что такое Франция? Т. 2. Ч. 1. М.: Изд-во им.
Сабашниковых).
Budanova V. P. 1990. Goths during an Era of Migration of the Peoples. Moscow:
Nauka. In Russian (Буданова В. П. Готы в эпоху Великого переселения народов.
М.: Наука).
Budanova V. P. 1994. Barbarian World on the Boundary of Antiquity and Middle Ages.
Moscow: Nauka. In Russian (Буданова В. П. Варварский мир на рубеже античности и средневековья. М.: Наука).
Budanova V. P. 2000. Barbarian World of an Era of Migration of the Peoples.
Moscow: Nauka. In Russian (Буданова В. П. Варварский мир эпохи Великого переселения народов. М.: Наука).
Budanova V. P. 2002. Migration of the Peoples as a Universal Model of Interaction of
Civilization and Barbarity. Civilizations. 5: Problems of Global Studies and Global
History / Ed. by A. O. Chubaryan, pp. 168–192. Moscow: Nauka. In Russian (Буданова В. П. Великое переселение народов как универсальная модель взаимодействия цивилизации и варварства. Цивилизации. 5: Проблемы глобалистики
и глобальной истории / Ред. А. О. Чубарьян, с. 168–192. М.: Наука).
Bukhrey. 1976 [1593]. History of the Gaul. Age groups of the People of East Africa /
Ed. by K. P. Kalinovskaya, pp. 133–143. М.: Nauka. In Russian (Бахрей. История

208

A Model of Center-Periphery Interaction

галла. Возрастные группы народов Восточной Африки / К. П. Калиновская,
с. 133–143. М.: Наука).
Butinov N. A. 1995. Papua of New Guinea: Power Structures. Ethnic Aspects of the
Power / Ed. by V. V. Bocharov, pp. 51–78. St. Petersburg: St. Petersburg State University. In Russian (Бутинов Н. А. Папуа Новая Гвинея: властные структуры.
Этнические аспекты власти / Ред. В. В. Бочаров, с. 51–78. СПб.: СанктПетербургский государственный университет).
Büttner T. 1981. African History since the Ancient Times. Moscow: Nauka. In Russian
(Бюттнер Т. История Африки с древнейших времен. М.: Наука).
Carneiro R. L. 1970. Theory of the Origin of the State. Science 169: 733–738.
Carneiro R. L. 1978. Political Expansion as an Expression of the Principle of Competitive Exclusion. Origins of the State / Ed. by R. Cohen, and E. R. Service,
pp. 205–223. Philadelphia, PA: Institute for the Study of Human Issues.
Carneiro R. L. 1981. The Chiefdom: Precursor of the State. The Transition to Statehood in the New World / Ed. by G. D. Jones, and R. R. Kautz, pp. 37–79. Cambridge, UK – New York, NY: Cambridge University Press.
Carneiro R. L. 1987. Cross-Currents in the Theory of State Formation. American Ethnologist 14: 756–770.
Carneiro R. L. 2000a. The Muse of History and the Science of Culture. New York:
Kluwer Academic / Plenum Publishers.
Carneiro R. L. 2000b. Process vs. Stages: A False Dichotomy in Tracing the Rise
of the State. Alternatives of Social Evolution / Ed. by N. N. Kradin, A. V. Korotayev, D. M. Bondarenko, V. de Munck, and P. K. Wason, pp. 52–58. Vladivostok:
FEB RAS.
Carneiro R. L. 2000c. Process or Stages: False Dichotomy in Tracing the Rise of
the State. Alternative Ways to Civilization / Ed. by N. N. Kradin, A. V. Korotayev,
D. M. Bondarenko, and V. A. Lynsha, pp. 84–94. Moscow: Logos. In Russian
(Карнейро Р. Л. Процесс или стадии: ложная дихотомия в исследовании истории возникновения государства. Альтернативные пути к цивилизации / Ред.
Н. Н. Крадин, А. В. Коротаев, Д. М. Бондаренко, В. А. Лынша, с. 84–94. М.:
Логос).
Carneiro R. L. 2002. Was the Chiefdom a Congelation of Ideas? Social Evolution &
History 1(1): 80–100.
Carneiro R. L. 2003. Evolutionism in Cultural Anthropology. A Critical History. Boulder, CO: Westview.
Carneiro R. L. 2004. Was the Chiefdom a Congelation of Ideas? The Early State, Its
Alternatives and Analogues / Ed. by L. E. Grinin, R. L. Carneiro, D. M. Bondarenko, N. N. Kradin, and A. V. Korotayev, pp. 28–45. Volgograd: Uchitel.
Carneiro R. L. 2006. Theory of the Origin of the State. Early State, Its Alternatives and
Analogues / Ed. by L. E. Grinin, D. M. Bondarenko, N. N. Kradin, and A. V. Korotayev, pp. 55–70. Volgograd: Uchitel. In Russian (Карнейро Р. Л. Теория происхождения государства. Раннее государство, его альтернативы и аналоги / Ред.

Andrey V. Korotayev and Leonid E. Grinin

209

Л. Е. Гринин, Д. М. Бондаренко, Н. Н. Крадин, А. В. Коротаев, с. 55–70.
Волгоград: Учитель).
Carneiro R. L. 2012. The Circumscription Theory: A Clarification, Amplification, and
Reformulation. Social Evolution & History 11(2): 5–30.
Chadwick N. 1987. The Celts. London: Penguin.
Childe G. 1952. New Light on the Most Ancient East. 4th ed. London: Routledge & Paul.
Childe G. 1956. The Ancient East in the Light of New Excavation. Moscow: Izdatel'stvo
inostrannoy literatury. In Russian (Чайлд Г. Древнейший Восток в свете новых
раскопок. М.: Издательство иностранной литературы).
Chubarov V. V. 1991. The Middle Eastearn Locomotive: The Developmental Pace of
Technique and Technology in the Ancient World. Archaic Society: Main Problems
of Sociology of Development / Ed. by A. V. Korotayev, and V. V. Chubarov, vol. 1,
pp. 92–135. Moscow: Institut istorii of the USSR of AN of the USSR. In Russian
(Чубаров В. В. Ближневосточный локомотив: темпы развития техники и технологии в древнем мире. Архаическое общество: узловые проблемы социологии развития / Ред. А. В. Коротаев, В. В. Чубаров, т. 1, с. 92–135. М.: Институт
истории СССР АН СССР).
Claessen H. J. M. 2000. Problems, Paradoxes, and Prospects of Evolutionism. Alternatives of Social Evolution / Ed. by N. N. Kradin, A. V. Korotayev, D. M. Bondarenko,
V. de Munck, and P. K. Wason, pp. 1–11. Vladivostok: FEB RAS.
Claessen H. J. M. 2002. Was the State Inevitable? Social Evolution & History 1(1):
101–117.
Claessen H. J. M. 2004. Was the State Inevitable? The Early State, Its Alternatives and
Analogues / Ed. by L. E. Grinin, R. L. Carneiro, D. M. Bondarenko, N. N. Kradin,
and A. V. Korotayev, pp. 72–87. Volgograd: Uchitel.
Davidson A. B. 1968. About This Book. Introduction. Shaka Zulu / Ed. by E. Ritter,
pp. 3–14. Moscow: Nauka. In Russian (Давидсон А. Б. Об этой книге. Вступление. Чака Зулу / Ред. Э. Риттер, с. 3–14. М.: Наука).
Davidson A. B. 1984. Countries of the South Africa. History of Africa in the 19th –
the Beginning of the 20th century / Ed. by V. A. Subbotin, pp. 155–177. Moscow:
Nauka. In Russian (Давидсон А. Б. Страны Южной Африки. История Африки в
XIX – начале XX в. / Ред. В. А. Субботин, с. 155–177. М.: Наука).
Denikin A. I. 1993. Essays of the Russian Strife. Vol. 4. Ch. 10. Questions of History
10: 109–130. In Russian (Деникин А. И. Очерки русской смуты. Т. 4. Глава 10.
Вопросы истории 10: 109–130).
Dennen J. M. G. van der. 1995. The Origin of War. The Evolution of a MaleCoalitional Reproductive Strategy. Vol. 1. Croningen: Origin Press.
Deshan Yu. 1984. History of the Big Island. History of Tropical Africa (from the Ancient Times to 1800) / Ed. by D. A. Olderogge, pp. 345–357. Moscow: Nauka. In
Russian (Дешан Ю. История большого острова. История тропической Африки
(с древнейших времен до 1800 г.) / Ред. Д. А. Ольдерогге, с. 345–357. М.:
Наука).

210

A Model of Center-Periphery Interaction

Diamond J. 1999. Guns, Germs, and Steel: The Fates of Human Societies. New York,
NY: Norton.
Dyakonov I. M. 1956. History of Media from the Ancient Times up to the End of the 4th
century BCE. Moscow – Leningrad: Academy of Sciences of the USSR. In Russian
(Дьяконов И. М. История Мидии от древнейших времен до конца IV в. до н. э.
М. – Л.: Изд-во АН СССР).
Dyakonov I. M. (Ed.) 1983. History of the Ancient East. I. Mesopotamia. Moscow:
Nauka. In Russian (Дьяконов И. М. История древнего Востока. I. Месопотамия. М.: Наука).
Dyakonov I. M. 2000. Cities-States of Sumer. East History. 1. East in the Ancient
Time / Ed. by W. A. Jacobson, pp. 45–56. Moscow: Vostochnaya literatura. In Russian (Дьяконов И. М. Города-государства Шумера. История Востока. 1. Восток в древности / Ред. В. А. Якобсон, с. 45–56. М.: Восточная литература).
Earle T. K. 2002. Hawaiian Islands (800–1824). Civilization Models of Politogenesis /
Ed. by D. M. Bondarenko, and A. V. Korotayev, pp. 77–88. Moscow: Institut Afriki
RAN. In Russian (Ёрл Т. К. Гавайские острова (800–1824 гг.). Цивилизационные
модели политогенеза / Ред. Д. М. Бондаренко, А. В. Коротаев, с. 77–88. М.:
Ин-т Африки РАН).
Engels F. 1884 [1978]. The Origin of the Family, Private Property and the State. Moscow: Izdatelstvo inostrannoi literatury. In Russian (Энгельс Ф. Происхождение
семьи, частной собственности и государства. М.: Издательство иностранной
литературы).
Fedorov G. V., and Polevoy L. L. 1984. ‘Kingdoms’ of Burebista and Detsebalus:
Unions of Tribes or State? Vestnik drevney istorii 7: 58–80. In Russian (Федоров Г. В., Полевой Л. Л. «Царства» Буребисты и Децебала: союзы племен или
государства? Вестник древней истории 7: 58–80).
Fenton U. N. 1978. Iroquois in History. North American Indians / Ed. by Yu. P. Averkieva, pp. 109–156. Moscow: Progress. In Russian (Фентон У. Н. Ирокезы в
истории. Североамериканские индейцы / Ред. Ю. П. Аверкиева, с. 109–156. М.:
Прогресс).
Filip Ya. 1961. Celtic Civilization and its Heritage. Prague: Izdatel'stvo Chekhoslovatskoy Akademii Nauk. In Russian (Филип Я. Кельтская цивилизация и ее наследие. Прага: Изд-во Чехословацкой Академии наук).
Fried M. H. 1967. The Evolution of Political Society. An Essay in Political Anthropology. New York, NY: Random House.
Frolov E. 1986. Birth of the Greek Policy. Formation and Development of Early
Class Societies. City and state / Ed. by G. L. Kurbatov, E. D. Frolov, and
I. Ya. Froyanov, pp. 8–99. Leningrad: Izdatelstvo Leningradskogo universiteta.
In Russian (Фролов Э. Д. Рождение греческого полиса. Становление и развитие раннеклассовых обществ. Город и государство / Ред. Г. Л. Курбатов,
Э. Д. Фролов, И. Я. Фроянов, с. 8–99. Л.: Издательство Ленинградского университета).

Andrey V. Korotayev and Leonid E. Grinin

211

Gluckman M. 1987 [1940]. The Kingdom of the Zulu of South Africa. African Political
Systems / Ed. by M. Fortes, and E. E. Evans-Pritchard, pp. 25–55. London – New
York, NY: International African Institute.
Gluskina L. M. 1983. Problems of Crisis of the Polis. Antique Greece. Problems of
Development of Polis. Vol. 2. Crisis of Polis / Ed. by E. S. Golubtsov, pp. 5–42.
Moscow: Nauka. In Russian (Глускина Л. М. Проблемы кризиса полиса. Античная Греция. Проблемы развития полиса. Т. 2. Кризис полиса / Ред. Е. С. Голубцова, с. 5–42. М.: Наука).
Godiner E. S. 1991. Political Anthropology about the Origin of the State. Ethnological Science abroad: Problems, Search, Solutions / Ed. by S. Ya. Kozlov, and
P. I. Puchkov, pp. 51–78. Moscow: Nauka. In Russian (Годинер Э. С. Политическая антропология о происхождении государства. Этнологическая наука за
рубежом: проблемы, поиски, решения / Ред. С. Я. Козлов, П. И. Пучков, с. 51–
78. М.: Наука).
Grinin A. L., and Grinin L. 2015. The Cybernetic Revolution and Historical Process.
Social Evolution & History 14(1): 125–184.
Grinin A. L., and Grinin L. E. 2016. The Cybernetic Revolution and the Change of
Technological Mode. Vostochno-Evropeyskiy Nauchnyi Vestnik 6(2): 5–15. In Russian (Гринин А. Л., Гринин Л. Е. Кибернетическая революция и смена технологического уклада. Восточно-Европейский научный вестник 6(2): 5–15).
Grinin L. E. 1997. Formations and Civilizations. Ch. 3. Problems and Aspects of Sociological Analysis of Historical Societies. Section 4. Distributive Relations. Filosofiya
i obschestvo 4: 5–62. In Russian (Гринин Л. Е. Формации и цивилизации. Гл. 3.
Проблемы и аспекты социологического анализа исторических обществ. Пар. 4.
Распределительные отношения. Философия и общество 4: 5–62).
Grinin L. E. 1998a. Formations and Civilizations. Introduction into the Theory of Historical Process. Filosofiya i obschestvo 1: 7–54. In Russian (Гринин Л. Е. Формации и цивилизации. Введение в теорию исторического процесса. Философия и
общество 1: 7–54).
Grinin L. E. 1998b. Formations and Civilizations. The Notion of Civilization within the
Framework of the Theory of the Historical Process. Filosofiya i obschestvo 2: 5–89.
In Russian (Гринин Л. Е. Формации и цивилизации. Понятие цивилизации в
рамках теории исторического процесса. Философия и общество 2: 5–89).
Grinin L. E. 1998с. Formations and Civilizations. The Notion of Civilization within the
Framework of the Theory of the Historical Process. Filosofiya i obschestvo 3: 5–54.
In Russian (Гринин Л. Е. Формации и цивилизации. Понятие цивилизации в
рамках теории исторического процесса. Философия и общество 3: 5–54).
Grinin L. E. 2001–2006. State Formation as a Component of the Process of Transition
from Primitiveness to Civilization (General Context of Social Evolution at the Early
State Formation). [The book was published in the journal Filosofiya i obschestvo
from 2001 to 2006]. In Russian (Гринин Л. Е. Генезис государства как составная часть процесса перехода от первобытности к цивилизации (общий контекст социальной эволюции при образовании раннего государства). [Книга
печаталась в журнале Философия и общество с 2001 по 2006 г.]

212

A Model of Center-Periphery Interaction

Grinin L. E. 2003a. Productive Forces and Historical Process. 2nd ed. Volgograd:
‘Uchitel'. In Russian (Гринин Л. Е. Производительные силы и исторический
процесс. 2-е изд. Волгоград: Учитель).
Grinin L. E. 2003b. The Early State and its Analogues. Social Evolution & History 1:
131–176.
Grinin L. E. 2004a. Democracy and Early State. Social Evolution & History 3(2): 93–149.
Grinin L. E. 2004b. The Early State and Its Analogues: A Comparative Analysis. The
Early State, Its Alternatives and Analogues / Ed. by L. E. Grinin, R. L. Carneiro,
D. M. Bondarenko, N. N. Kradin, and A. V. Korotayev, pp. 88–136. Volgograd:
Uchitel.
Grinin L. E. 2006a. Periodization of History: A Theoretic-Mathematical Analysis.
History & Mathematics: Analyzing and Modeling Global Development / Ed. by
L. E. Grinin, V. de Munck, and A. V. Korotayev, pp. 10–38. Moscow: KomKniga/
URSS.
Grinin L. E. 2006b. Periodization of History: A Theoretic-Mathematical Analysis. History and Mathematics: Problems of Periodization of Historical Macroprocesses /
Ed. by L. E. Grinin, A. V. Korotayev, and S. Yu. Malkov, pp. 53–79. Moscow:
Komkniga/URSS. In Russian (Гринин Л. Е. Периодизация истории: теоретикоматематический анализ. История и Математика: проблемы периодизации исторических макропроцессов / Ред. Л. Е. Гринин, А. В. Коротаев, С. Ю. Малков,
с. 53–79. М.: КомКнига/URSS).
Grinin L. E. 2007a. State and Historical Process: in 3 books. Moscow: URSS. In Russian (Гринин Л. Е. Государство и исторический процесс: в 3-х кн. М.: URSS).
Grinin L. E. 2007b. Industrial Revolutions as the Most Important Thresholds of History. Man and Nature: Confrontation and Harmony / Ed. by E. S. Kulpin, pp. 191–
221. Moscow: IATs-Energiya. In Russian (Гринин Л. Е. Производственные революции как важнейшие рубежи истории. Человек и природа: противостояние и
гармония / Ред. Э. С. Кульпин, с. 191–221. М.: ИАЦ-Энергия).
Grinin L. E. 2010. The State and Historical Process. Evolution of Statehood: From
the Early State to the Mature State. 2nd ed. Moscow: Librocom. In Russian (Гринин Л. Е. Государство и исторический процесс: Эволюция государственности: От раннего государства к зрелому. Изд. 2-е, испр. Москва: Книжный
Дом «Либроком»).
Grinin L. E. 2011. The Evolution of Statehood. From Early State to Global Society.
Saarbrücken: Lambert Academic Publishing.
Grinin L. E. 2012. Macrohistory and Globalization. Volgograd: Uchitel.
Grinin L. E. 2016a. The New World Order and Philosophy. Between Past Orthodoxies
and the Future of Globalization. Contemporary Philosophical Problems / Ed. by
A. N. Chumakov, and W. C. Gay, pp. 143–156. URL: http://www.brill.com/products/
book/between-past-orthodoxies-and-future-globalization.
Grinin L. E. 2016b. Evolution of World Order. Evolution and Big History: Dimensions,
Trends, and Forecasts / Ed. by L. E. Grinin, and A. V. Korotayev, pp. 75–95. Volgograd: ‘Uchitel’ Publishing House.

Andrey V. Korotayev and Leonid E. Grinin

213

Grinin L. E. 2017a. On Systemic Integration in the World System since the Bronze
Age. Social Evolution & History 16(2): 76–111.
Grinin L. E. 2017b. The Processes of Systemic Integration in the World System. Journal of Globalization Studies 8(1): 97–118.
Grinin L. E., Carneiro R., Bondarenko D. M., Kradin N. N., and Korotayev A. V.
(Eds.) 2004. The Early State, Its Alternatives and Analogues. Volgograd: Uchitel.
Grinin L. E., and Grinin A. L. 2015. From Biface to Nanorobots. The World is on the
Way to the Epoch of Self-Regulating Systems (History of Technologies and the Description of their Future). Moscow: Uchitel. In Russian (Гринин Л. Е., Гринин А. Л.
Oт рубил до нанороботов. Мир на пути к эпохе самоуправляемых систем
(история технологий и описание их будущего). М.: Моск. ред. Изд-ва «Учитель»).
Grinin L. E., and Grinin A. L. 2016. The Cybernetic Revolution and the Forthcoming
Epoch of Self-Regulating Systems. Moscow: Moscow branch of Uchitel Publishing
House.
Grinin L. E., Bondarenko D. M., Kradin N. N., and Korotayev A. V. (Eds.) 2006.
Early State, Its Alternatives and Analogues. Volgograd: Uchitel. In Russian (Гринин
Л. Е., Бондаренко Д. М., Крадин Н. Н., Коротаев А. В. (Ред.) Раннее
государство, его альтернативы и аналоги. Волгоград: Учитель).
Grinin L. E., and Korotayev A. V. 2006. Political Development of the World System:
A Formal Quantitative Analysis. History and Mathematics. Historical Dynamics
and Development of Complex Societies / Ed. by P. Turchin, L. Grinin, A. Korotaev,
and V. de Munck, pp. 115–153. Moscow: KomKniga/URSS.
Grinin L. E., and Korotayev A. V. 2007. Political Development of the World System:
Formal and Quantitative Analysis. History and Mathematics: Macrohistorical Dynamics of Society and State / Ed. by S. Yu. Malkov, L. E. Grinin, and A. V. Korotayev, pp. 49–101. Moscow: Komkniga/URSS. In Russian (Гринин Л. Е., Коротаев А. В. Политическое развитие Мир-Системы: формальный и количественный анализ. История и Математика: Макроисторическая динамика общества и государства / Отв. ред. С. Ю. Малков, Л. Е. Гринин, А. В. Коротаев,
с. 49–101. М.: КомКнига/URSS).
Grinin L. E., and Korotayev A. V. 2008. Social Macroevolution. Genesis and Transformations of the World System. Moscow: LKI/URSS.
Grinin L. E., and Korotayev A. V. 2009a. The Epoch of the Initial Politogenesis. Social Evolution & History 8(1): 52–91.
Grinin L. E., and Korotayev A. V. 2009b. Social Macroevolution: Growth of the
World System Integrity and a System of Phase Transitions. World Futures 65(7):
477–506.
Grinin L. E., and Korotayev A. V. 2012. Emergence of Chiefdoms and States:
A Spectrum of Opinions. Social Evolution & History 11(2): 191–204.
Grinin L. E., and Korotayev A. V. 2013. The Origins of Globalization. Globalization.
Yesterday, Today, and Tomorrow / Ed. by J. Sheffield, A. Korotayev, and L. Grinin,
pp. 1–29. Litchfield Park, AZ: Emergent Publications.

214

A Model of Center-Periphery Interaction

Grinin L. E., and Korotayev A. V. 2014. Origins of Globalization in the Framework
of the Afroeurasian World-System History. Journal of Globalization Studies 5(1):
32–64.
Grinin L. E., and Korotayev A. V. 2016. Near East, India, and China in Globalization
Processes. Moscow: Moscow branch of Uchitel Publishing House. In Russian (Гринин Л. Е., Коротаев А. В. Ближний Восток, Индия и Китай в глобализационных процессах. М.: Моск. ред. изд-ва «Учитель»).
Grinin L. E., and Korotayev A. V. 2018. Origins of Globalization in the Framework
of the Afroeurasian World-System History. Comparing Globalizations, WorldSystems Evolution and Global Futures / Ed. by T. D. Hall, pp. 37–70. Springer.
URL: https://doi.org/10.1007/978-3-319-68219-8_3.
Grinin L. E., Grinin A. L., and Korotayev A. 2017a. Forthcoming Kondratieff wave,
Cybernetic Revolution, and Global Ageing. Technological Forecasting & Social
Change 115: 52–68.
Grinin L., Grinin A., and Korotayev A. 2017b. The MANBRIC-Technologies in the
Forthcoming Technological Revolution. Industry 4.0: Entrepreneurship and Structural
Change in the New Digital Landscape / Ed. by T. Devezas, J. Leitão, and
A. Sarygulov, pp. 243–261. Heidelberg – New York – Dordrecht – London: Springer.
Grinin L. E., Ilyin I. V., and Andreev A. I. 2016. World Order in the Past, Present,
and Future. Social Evolution and History 15(1): 58–84.
Gumilev L. N. 1993. Xiongnu. St. Petersburg: Taim-aut-Kompass. In Russian (Гумилев Л. Н. Хунну. СПб.: Тайм-Аут-Компасс).
Gurevich A. Ya. 1970. The Question of Genesis of Feudalism in Western Europe. M.:
Vysshaya shkola. In Russian (Гуревич А. Я. Проблемы генезиса феодализма в
Западной Европе. М.: Высшая школа).
Gurevich A. Ya. 1999. Ancient Germans. Vikings. Chosen works / Ed. by A. Ya. Gurevich. Vol. 1. Moscow – St. Petersburg: Universitetskaya kniga. In Russian
(Гуревич А. Я. Проблемы генезиса феодализма в Западной Европе. М.: Высшая
школа).
Gurevich A. Ya. 2005. Campaigns of Vikings. Moscow: KDU. In Russian (Гуревич А. Я.
Походы викингов. М.: КДУ).
Hellemans A., and Bunch B. 1988. The Timetables of Science. New York, NY: Simon
and Schuster.
Ibn Khaldūn, `Abd al-Rahman. 1958. The Muqaddimah: An Introduction to History.
New York, NY: Pantheon Books (Bollingen Series, 43).
Ibn Khaldūn, `Abd al-Rahmān. 2004. Muqaddimat ibn Khaldūn. al-Qāhirah: Dar alFajr li-l-Turāth.37
Ignatenko A. A. 1980. Ibn-Khaldun. Moscow: Mysl'. In Russian (Игнатенко А. А.
Ибн-Хальдун. М.: Мысль).

37

.2004 ، دار الفجر في التراث: القاھرة. تأليف عبد الرحمن ابن خلدون/ مقدمة ابن خلدون

Andrey V. Korotayev and Leonid E. Grinin

215

‘Inān, Muḥammad ‘Abd Allāh. 1933. Ibn Khaldūn: ḥayātu-hu wa-turāthu-hu alfikriyy. al-Qāhirah: Dār al-Kutub al-Misriyyah.38
Irons W. 2002. Cultural Capital, Raids for Cattle and Military Superiority of Traditional
Cattle-Farmers. Nomadic Alternative of Social Evolution / Ed. by N. N. Kradin,
D. M. Bondarenko, pp. 99–108. Moscow: TsTsRI RAN. In Russian (Айонс У.
Культурный капитал, набеги за скотом и военное превосходство традиционных скотоводов. Кочевая альтернатива социальной эволюции / Ред. Н. Н. Крадин, Д. М. Бондаренко, с. 99–108. М.: ЦЦРИ РАН).
Irons W. 2004. Cultural Capital, Livestock Raiding, and the Military Advantage of
Traditional Pastoralists. The Early State, Its Alternatives and Analogues / Ed. by
L. E. Grinin, R. L. Carneiro, D. M. Bondarenko, N. N. Kradin, and A. V. Korotayev,
pp. 466–475. Volgograd: Uchitel.
Its R. F., Yakovlev A. G. 1967. To the Question of Social and Economic System of the
Lyanshan Group of Nationality. A Community and Social Organization of the East
and the Southeast Asian Peoples / Ed. by R. F. Its, pp. 64–106. Leningrad: Nauka. In
Russian (Итс Р. Ф., Яковлев А. Г. К вопросу о социально-экономическом строе
ляньшанской группы народности. Община и социальная организация у народов
Восточной и Юго-Восточной Азии / Ред. Р. Ф. Итс, с. 64–106. Л.: Наука).
Kardini F. 1987. Sources of Medieval Knights. Moscow: Progress.
Kautsky K. 1931. Materialistic Understanding of History. Vol. 2. Moscow: GIZ. In
Russian (Каутский К. Материалистическое понимание истории. Т. 2. М.: ГИЗ).
Kazankov A. A. 2002. Aggression in Archaic Societies (By the example of HuntersGatherers of Semideserts). Moscow: Institut Afriki RAN. In Russian (Казанков А. А.
Агрессия в архаических обществах (на примере охотников-собирателей полупустынь). М.: Ин-т Африки РАН).
Khazanov A. M. 1975. Social History of Scythians. Moscow: Nauka. In Russian (Хазанов А. М. Социальная история скифов. М.: Наука).
Khazanov A. M. 2002. Nomads of the Euroasian Steppes in Historical Retrospective.
Nomadic Alternative of Social Evolution / Ed. by N. N. Kradin, and D. M. Bondarenko, pp. 37–58. Moscow: Institut Afriki RAN. In Russian (Хазанов А. М. Кочевники евразийских степей в исторической ретроспективе. Кочевая альтернатива социальной эволюции / Ред. Н. Н. Крадин, Д. М. Бондаренко, с. 37–58.
М.: Институт Африки РАН).
Khazanov A. M. 2006. Nomads of the Euroasian Steppes in Historical Retrospective.
The Early State, its Alternatives and Analogues / Ed. by L. E. Grinin, D. M. Bondarenko, N. N. Kradin, and A. V. Korotayev, pp. 468–489. Volgograd: Uchitel. In
Russian (Хазанов А. М. Кочевники евразийских степей в исторической ретроспективе. Раннее государство, его альтернативы и аналоги / Ред. Л. Е. Гринин, Д. М. Бондаренко, Н. Н. Крадин, А. В. Коротаев, с. 468–489. Волгоград:
Учитель).
Khrapachevsky R. N. 2005. Military Power of Genghis Khan. Moscow: AST. In Russian (Храпачевский Р. Н. Военная держава Чингисхана. М.: АСТ).
38

.1933 ، دار الكتب المصرية: القاھرة. تأليف محمد عبد ﷲ عنان/  حياته و تراثه الفكري: ابن خلدون

216

A Model of Center-Periphery Interaction

Khudyakov Yu. S. 1991. Armament of Central Asian Nomads in the Early and Developed Middle Ages. Novosibirsk: Nauka. In Russian (Худяков Ю. С. Вооружение
центрально-азиатских кочевников в эпоху раннего и развитого средневековья.
Новосибирск: Наука).
Korotayev A. V. 1991. Some Economic Prerequisites of Class Formation and Politogenesis. Archaic Society: Key Problems of Sociology of Development / Ed. by
A. V. Korotayev, and V. V. Chubarov, Vol. 1, pp. 136–191. Moscow: Institut istorii
SSSR AN SSSR.
Korotayev A. V. 1997a. Genesis of Tribal Organization in the North-East Yemen Highlands. Oriental Studies in the 20th Century: Achievements and Prospects, pp. 194–
198. Moscow – Budapest: Russian Orienalists' Association. ICANAS.
Korotayev A. V. 1997b. Sabean Studies. Some General Trends and Factors of Evolution of Sabean Civilization. Moscow: Vostochnaya literatura. In Russian (Коротаев А. В. Сабейские этюды. Некоторые общие тенденции и факторы эволюции
сабейской цивилизации. М.: Восточная литература).
Korotayev A. V. 1998. Genesis and Development of Tribal Organization in the Northeast Yemeni Highlands. Sociobiology of Ritual and Group Identity: A Homology of
Animal and Human Behaviour. Concepts of Humans and Behaviour Patterns in
the Cultures of the East and the West: Interdisciplinary Approach / Ed. by
M. Butovskaya, A. Korotayev, and O. Khristoforova, pp. 117–118. Moscow: Russian State University for Humanities.
Korotayev A. V. 2000a. From State to Chiefdom? From Chiefdom to Tribe? (Some
General Tendencies of Evolution of the South Arabian Socio-Political Systems for
the Last Three Thousand Years). Early Forms of Social Organization. Genesis,
Functioning, Historical Dynamics / Ed. by V. A. Popov, pp. 224–302. St. Petersburg: Vostochnaya literatura. In Russian (Коротаев А. В. От государства к вождеству? От вождества к племени? (Некоторые общие тенденции эволюции
южноаравийских социально-политических систем за последние три тысячи
лет). Ранние формы социальной организации. Генезис, функционирование, историческая динамика / Ред. В. А. Попов, с. 224–302. СПб.: Восточная литература).
Korotayev A. V. 2000b. Tribe as a Form of Socio-Political Organization of Complex
Non-Primitive Societies (Based on Materials of Northeast Yemen). Alternative Ways
to Civilization / Ed. by N. N. Kradin, A. V. Korotayev, D. M. Bondarenko, and
V. A. Lynsha, pp. 265–291. Moscow: Logos. In Russian (Коротаев А. В. Племя
как форма социально-политической организации сложных непервобытных
обществ (в основном по материалам Северо-восточного Йемена). Альтернативные пути к цивилизации / Ред. Н. Н. Крадин, А. В. Коротаев, Д. М. Бондаренко, В. А. Лынша, с. 265–291. М.: Логос).
Korotayev A. V. 2003. Penetration of Nomads to the Arabian South and Formation of
Tribal Organization among the North-East Yemen Agricultural Population. Nomadic
Pathways in Social Evolution / Ed. by N. N. Kradin, D. M. Bondarenko, and
Th. J. Barfield, pp. 114–122. Moscow: Institute for African Studies.

Andrey V. Korotayev and Leonid E. Grinin

217

Korotayev A. V. 2004. The Chiefdom: Precursor of the Tribe? The Early State, Its Alternatives and Analogues / Ed. by L. E. Grinin, R. L. Carneiro, D. M. Bondarenko,
N. N. Kradin, and A. V. Korotayev, pp. 300–325. Volgograd: Uchitel.
Korotayev A. 2005. A Compact Macromodel of World System Evolution. Journal of
World-Systems Research 11(1): 79–93.
Korotayev A. V. 2006a. Periodization of History of the World System and Mathematical Macromodels of Socio-historical Processes. History and Mathematics: Problems
of Periodization of Historical Macroprocesses / Ed. by L. E. Grinin, A. V. Korotayev, and S. Yu. Malkov, pp. 116–167. Moscow: Komkniga/URSS. In Russian (Коротаев А. В. Периодизация истории Мир-Системы и математические макромодели социально-исторических процессов. История и Математика: Проблемы
периодизации исторических макропроцессов / Ред. Л. Е. Гринин, А. В. Коротаев, С. Ю. Малков, c. 116–167. М.: КомКнига/URSS).
Korotayev A. V. 2006b. Social History of Yemen of the 10th Century BCE – 20th century
CE. Moscow: Komkniga/URSS. In Russian (Коротаев А. В. Социальная история
Йемена Х в. до н. э. – ХХ в. н. э. М.: КомКнига/URSS).
Korotayev A. 2006c. The World System Urbanization Dynamics: A Quantitative Analysis. History & Mathematics: Historical Dynamics and Development of Complex
Societies / Ed. by P. Turchin, L. Grinin, A. Korotayev, and V. C. de Munck, pp. 44–
62. Moscow: KomKniga/URSS.
Korotayev A. V. 2006d. The World System History Periodization and Mathematical
Models of Socio-historical Processes. History & Mathematics: Analyzing And Modeling Global Development / Ed. by L. Grinin, V. de Munck, and A. Korotayev,
pp. 39–98. Moscow: KomKniga/URSS.
Korotayev A. V. 2006e. The Long-Term Political-Demographic Dynamics of Egypt:
Cycles and Trends. Moscow: Vostochnaya literatura. In Russian (Коротаев А. В.
Долгосрочная политико-демографическая динамика Египта: циклы и тенденции. М.: Вост. лит-ра).
Korotayev A. 2007a. Compact Mathematical Models of World System Development,
and How They can Help us to Clarify our Understanding of Globalization Processes.
Globalization as Evolutionary Process: Modeling Global Change / Ed. by G. Modelski, T. Devezas, and W. R. Thompson, pp. 133–160. London: Routledge.
Korotayev A. V. 2007b. Macrodynamics of the World System Urbanization: A Quantitative Analysis. History and Mathematics: Macrohistorical Dynamics of the Society
and State / Ed. by S. Yu. Malkov, L. E. Grinin, and A. V. Korotayev, pp. 21–39.
Moscow: Komkniga/URSS. In Russian (Коротаев А. В. Макродинамика урбанизации Мир-Системы: количественный анализ. История и Математика: Макроисторическая динамика общества и государства / Ред. С. Ю. Малков,
Л. Е. Гринин, А. В. Коротаев, с. 21–39. М.: КомКнига/URSS).
Korotayev A. V. 2007c. Sociological Theory of Abd al-Rahman ibn Khaldun (1332–
1406) as a Methodological Basis for the Mathematical Modeling of PoliticalDemographic Dynamics of Medieval Еgypt. 38. ICANAS. Abstracts / Ed. by
Z. Dilek, p. 310. Ankara: ICANAS.

218

A Model of Center-Periphery Interaction

Korotayev A. V. 2007d. Sociological Theory of Abd al-Rahman ibn Khaldun as
a Methodological Basis for the Mathematical Modeling of Long-Term PoliticalDemographic Dynamics. Mathematical Modelling of Historical Processes / Ed. by
G. G. Malinetsky, pp. 31–34. Moscow: Institut Prikladnoy matematiki im.
M. V. Keldysha. In Russian (Коротаев А. В. Социологическая теория Абд арРахмана ибн Халдуна как методологическая основа математического моделирования долгосрочной политико-демографической динамики. Математическое моделирование исторических процессов / Ред. Г. Г. Малинецкий, с. 31–34.
М.: Институт прикладной математики им. М. В. Келдыша).
Korotayev A. 2008. Globalization and Mathematical Modeling of Global Development.
Hierarchy and Power in the History of Civilizations: Political Aspects of Modernity / Ed. by L. E. Grinin, D. D. Beliaev, and A. V. Korotayev, pp. 225–240. Moscow: LIBROCOM/URSS.
Korotayev A. 2009. Compact Mathematical Models of the World System Development
and Their Applicability to the Development of Local Solutions in Third World
Countries. Systemic Development: Local Solutions in a Global Environment / Ed. by
J. Sheffield, pp. 103−116. Litchfield Park, AZ: ISCE Publishing.
Korotayev A. 2012. Globalization and Mathematical Modeling of Global Development.
Globalistics and Globalization Studies 1: 148–158.
Korotayev A. 2013. Globalization and Mathematical Modeling of Global Evolution.
Evolution: Development within Big History, Evolutionary and World-System Paradigms / Ed. by L. E. Grinin, and A. V. Korotayev, pp. 69–83. Volgograd: Uchitel.
Korotayev A. V., and Grinin L. E. 2006. Urbanization and Political Development of
the World System: A Comparative Quantitative Analysis. History and Mathematics.
Historical Dynamics and Development of Complex Societies / Ed. P. Turchin,
L. Grinin, A. Korotayev, and V. de Munk, pp. 115–153. Moscow: URSS.
Korotayev A. V., and Grinin L. E. 2007. Urbanization and Political Development of
the World System: A Comparative Quantitative Analysis. History and Mathematics:
Macrohistorical Dynamics of the Society and State / Ed. by S. Yu. Malkov,
L. E. Grinin, and A. V. Korotayev, pp. 102–141. Moscow: Komkniga/URSS. In
Russian (Коротаев А. В., Гринин Л. Е. Урбанизация и политическое развитие
Мир-Системы: сравнительный количественный анализ. История и Математика: Макроисторическая динамика общества и государства / Ред. С. Ю. Малков, Л. Е. Гринин, А. В. Коротаев, с. 102–141. М.: КомКнига/URSS).
Korotayev A. V., and Grinin L. E. 2012. Global Urbanization and Political Development of the World System. Globalistics and Globalization Studies / Ed. by L. Grinin, I. Ilyin, and A. Korotayev, pp. 28–78. Moscow – Volgograd: Moscow University – Uchitel.
Korotayev A. V., and Grinin L. E. 2013. Urbanization and Political Development
of the World System. ENTELEQUIA revista interdisciplinar 15 (especial 2013):
197–254.
Korotayev A. V., Komarova N. L., and Khaltourina D. A. 2007. Laws of History.
Cecular Cycles and Millennial Trends. Demography. Economy. Wars. Moscow:
Komkniga/URSS. In Russian (Коротаев А. В., Комарова Н. Л., Халтурина Д. А.

Andrey V. Korotayev and Leonid E. Grinin

219

Законы истории. Вековые циклы и тысячелетние тренды. Демография.
Экономика. Войны. М.: КомКнига/URSS).
Korotayev A. V., and Malkov A. S. 2016. A Compact Mathematical Model of the
World System Economic and Demographic Growth, 1 CE – 1973 CE. International
Journal of Mathematical Models and Methods in Applied Sciences 10: 200–209.
Korotayev A. V., Malkov A. S., and Khaltourina D. A. 2005. Laws of History: Mathematical Modeling of Historical Macroprocesses. Demography, Economy, Wars.
Moscow: URSS. In Russian (Коротаев А. В., Малков А. С., Халтурина Д. А. Законы истории. Математическое моделирование развития Мир-Системы. Демография. Экономика. Культура. М.: КомКнига/URSS).
Korotayev A., Malkov A., and Khaltourina D. 2006a. Introduction to Social Macrodynamics: Compact Macromodels of the World System Growth. Moscow: KomKniga/URSS.
Korotayev A., Malkov A., and Khaltourina D. 2006b. Introduction to Social Macrodynamics: Secular Cycles and Millennial Trends. Moscow: KomKniga/URSS.
Korotayev A. V., Malkov A. S., and Khaltourina D. A. 2007. Laws of History. Mathematical Modeling of Development of the World System. Demography. Economy.
Culture. Moscow: Komkniga/URSS. In Russian (Коротаев А. В., Малков А. С.,
Халтурина Д. А. Законы истории. Математическое моделирование развития
Мир-Системы. Демография. Экономика. Культура. М.: КомКнига/URSS).
Korotayev A., and Khaltourina D. 2006. Introduction to Social Macrodynamics:
Secular Cycles and Millennial Trends in Africa. Moscow: KomKniga/URSS.
Korotayev A., and Malkov S. 2012. Mathematical Models of the World-System Development. Routledge Handbook of World-Systems Analysis / Ed. by S. Babones,
and C. Chase-Dunn, pp. 158–161. London: Routledge.
Korotayev A., and Zinkina J. 2017. Systemic Boundary Issues in the Light of Mathematical Modeling of World-System Evolution. Journal of Globalization Studies
8(1): 78–96.
Korsunsky A. R., and Günter R. 1984. Decline and Fall of the Western Roman Empire and the Origin of Barbarian Kingdoms (up to the Middle of the 6th Century).
Moscow: MGU. In Russian (Корсунский А. Р., Гюнтер Р. Упадок и гибель Западной Римской империи и возникновение варварских королевств (до середины
VI в.). М.: Изд-во МГУ).
Kottak C. Ph. 1980. The Past in the Present; History, Ecology and Cultural Variation
in Highland Madagascar. Ann Arbor, MI: University of Michigan Press.
Kradin N. N. 1992. Nomadic Societies. Vladivostok: Dalnauka. In Russian (Крадин Н. Н. Кочевые общества. Владивосток: Дальнаука).
Kradin N. N. 2001a. Empire of Xiongnu. 2nd ed. Vladivostok: Dalnauka. In Russian
(Крадин Н. Н. Империя хунну. 2-е изд. Владивосток: Дальнаука).
Kradin N. N. 2001b. Nomads in the World Historical Process. Filosofiya i obschestvo
2: 108–137. In Russian (Крадин Н. Н. Кочевники в мировом историческом процессе. Философия и общество 2: 108–137).

220

A Model of Center-Periphery Interaction

Kradin N. N., and Bondarenko D. M. (Eds.) 2002. Nomadic Alternative of Social
Evolution. Moscow: Institut Afriki RAN. In Russian (Крадин Н. Н., Бондаренко Д. М. (Ред.). Кочевая альтернатива социальной эволюции. М.: Институт
Африки РАН).
Kradin N. N., Bondarenko D. M., and Barfield T. J. (Eds.) 2003. Nomadic Pathways
in Social Evolution. Moscow: Center for Civilizational and Regional Studies RAS.
Kremer M. 1993. Population Growth and Technological Change: One Million B.C. to
1990. The Quarterly Journal of Economics 108: 681–716.
Kubbel' L. E. 1988. Emergence of Private Property, Classes and State. History of Primitive Society. The Epoch of Class Formation / Ed. by Yu. V. Bromley, pp. 140–269.
Moscow: Nauka. In Russian (Куббель Л. Е. Возникновение частной собственности, классов и государства. История первобытного общества. Эпоха классообразования / Ред. Ю. В. Бромлей, с. 140–269. М.: Наука).
Lamberg-Karlovsky K., and Sablov J. 1992. Ancient Civilizations. Middle East and
Mesoamerica. Moscow: Nauka. In Russian (Ламберг-Карловски К., Саблов Дж.
Древние цивилизации. Ближний Восток и Мезоамерика. М.: Наука).
Lesser A. 1968. War and the State. War: The Anthropology of Armed Conflict and
Aggression / Ed. by M. Fried, M. Harris, and R. Murphy, pp. 92–96. Garden City,
NY: The Natural History Press.
Lewis H. S. 1981. Warfare and the Origin of the State: Another Formulation. The Study
of the State / Ed. by H. J. M. Claessen, and P. Skalník, pp. 201–221. The Hague:
Mouton.
Lozny L. 1995. The Transition to Statehood in Central Europe. Alternative Pathways to
Early State / Ed. by N. N. Kradin, and V. A. Lynsha, рр. 84–92. Vladivostok:
Dal'nauka.
L'vova E. S. 1984. Ethnography of Africa. Moscow: MGU. In Russian (Львова Э. С.
Этнография Африки. М.: МГУ).
L'vova E. S. 1995. Formation of Exploitation and Early Statehood among the Peoples in
the Congo Basin. Alternative Ways to the Early Statehood / Ed. by N. N. Kradin,
and V. A. Lynsha, pp. 151–164. Vladivostok: Dal'nauka. In Russian (Львова Э. С.
Складывание эксплуатации и ранней государственности у народов бассейна
Конго. Альтернативные пути к ранней государственности / Ред. Н. Н. Крадин, В. А. Лынша, с. 151–164. Владивосток: Дальнаука).
Mahdi M. 1937. Ibn Khaldūn's Philosophy of History. A Study in the Philosophical
Foundation of the Science of Culture. London: Allen & Unwin.
Maquet J. 1974. Civilizations of Africa to the South of Sahara. History, Technical
Skills, Arts, Societies. Moscow: Nauka. In Russian (Маке Ж. Цивилизации Африки южнее Сахары. История, технические навыки, искусства, общества.
М.: Наука).
Marx K., and Engels F. 2004 [1845–1846]. German Ideology. New York: International
Publishers.

Andrey V. Korotayev and Leonid E. Grinin

221

Masson V. M. 1976. Economy and Social System of Ancient Societies. Leningrad:
Nauka. In Russian (Массон В. М. Экономика и социальный строй древних
обществ. Л.: Наука).
Masson V. M. 1980. Early Agricultural Societies and Formation of Settlements of the
City Type. Early Farmers. Ethnographic Essays / Ed. by N. A. Butinov, and
A. M. Reshetov, pp. 178–185. Leningrad: Nauka. In Russian (Массон В. М. Раннеземледельческие общества и формирование поселений городского типа. Ранние земледельцы. Этнографические очерки / Ред. Н. А. Бутинов, А. М. Решетов, с. 178–185. Л.: Наука).
Masson V. M. (Ed.) 1986. Ancient Civilizations of the East. Tashkent: FAN. In Russian
(Массон В. М. (Ред.) Древние цивилизации Востока. Ташкент: ФАН).
Masson V. M. 1989. First Civilizations. Leningrad: Nauka. In Russian (Массон В. М.
1989. Первые цивилизации. Л.: Наука).
McNeill W. H. 1993. Plagues and Peoples. 2nd ed. New York, NY: Monticello.
McNeill W. H. 1995. The Changing Shape of World History. History and Theory 35:
8–26.
Miller J. 1984. Kings and Kinsmen. Early Mbundu States in Angola. Moscow: Nauka.
In Russian (Миллер Дж. Короли и сородичи. Ранние государства мбунду в Анголе. М.: Наука).
Mongait A. L. 1974. Archeology of Western Europe. Bronze and Iron Ages. Moscow:
Nauka. In Russian (Монгайт А. Л. Археология Западной Европы. Бронзовый и
железные века. М.: Наука).
Morgan L. H. 1877. Ancient Society; or, Researches in the Lines of Human Progress
from Savagery, Through Barbarism to Civilization. H. Holt.
Nefedov S. A. 2001. Method of Demographic Cycles. Ural'skiy istoricheskiy vestnik 7:
93–107. In Russian (Нефедов С. А. Метод демографических циклов. Уральский
Исторический Вестник 7: 93–107).
Nefedov S. A. 2002a. Experience of Modeling of Demographic Cycle. Informatsionniy
bulleten' assotsiatsii ‘Istoriya I kompyuter’ 29: 131–142. In Russian (Нефедов С. А.
Опыт моделирования демографического цикла. Информационный бюллетень
ассоциации «История и компьютер» 29: 131–142.)
Nefedov S. A. 2002b. About the Theory of Demographic Cycles. Ekonomicheskaya
istoriya 8: 116–121. In Russian (Нефедов С. А. О теории демографических
циклов. Экономическая история 8: 116–121).
Nefedov S. A. 2003. Theory of Demographic Cycles and Social Evolution of Ancient
and Medieval Societies of the East. Vostok 3: 5–22. In Russian (Нефедов С. А.
Теория демографических циклов и социальная эволюция древних и средневековых обществ Востока. Восток 3: 5–22).
Nefedov S. A. 2005. Demographic and Structural Analysis of Social and Economic
History of Russia. The End of the 15th – the Beginning of the 20th Century. Yekaterinburg: UGGU Publishing House. In Russian (Нефедов С. А. 2005. Демографи-

222

A Model of Center-Periphery Interaction

чески-структурный анализ социально-экономической истории России. Конец
XV – начало XX века. Екатеринбург: Изд-во УГГУ).
Nefedov S. A. 2007. Concept of Demographic Cycles. Yekaterinburg: EGGU. In Russian (Нефедов С. А. Концепция демографических циклов. Екатеринбург: ЕГГУ).
Neusykhin A. I. 1968. Prefeudal Period as a Transitional Stage of Development from
the Tribal System to Early Feudal (Based on Materials of History of Western Europe
of the Early Middle Ages). Problems of History of Pre-Capitalistic Societies / Ed.
by L. V. Danilov, pp. 569–617. Moscow: Nauka. In Russian (Неусыхин А. И.
Дофеодальный период как переходная стадия развития от родоплеменного
строя к раннефеодальному (на материалах истории Западной Европы раннего
средневековья). Проблемы истории докапиталистических обществ / Ред.
Л. В. Данилова, с. 569–617. М.: Наука).
Oosten J. 1996. Ideology and the Development of European Kingdoms. Ideology and
the Formation of Early States / Ed. by H. J. M. Claessen, and J. G. Oosten, pp. 225–
247. Leiden: Brill.
Oppenheim A. L. 1990. Ancient Mesopotamia. Moscow: Nauka. In Russian (Оппенхейм А. Л. Древняя Месопотамия. М.: Наука).
Orlova A. S., and L'vova E. S. 1978. Historical Pages of the Great Savanna. Moscow:
Nauka. In Russian (Орлова А. С., Львова Э. С. Страницы истории великой саванны. М.: Наука).
Pershits A. I., and Khazanov A. M. (Eds.) 1978. Primitive Periphery of Class Societies Prior to Great Geographical Discoveries (Problems of Historical Contacts).
Moscow: Nauka. In Russian (Першиц А. И., Хазанов А. М. (Ред.) Первобытная
периферия классовых обществ до начала Великих географических открытий
(проблемы исторических контактов). М.: Наука).
Pietkiewicz K. 2006. Grand Duchy of Lithuania. The Early State, its Alternatives and
Analogues / Ed. by L. E. Grinin, D. M. Bondarenko, N. N. Kradin, and A. V. Korotayev, pp. 304–334. Volgograd: Uchitel. In Russian (Петкевич К. Великое
княжество Литовское. Раннее государство, его альтернативы и аналоги /
Ред. Л. Е. Гринин, Д. М. Бондаренко, Н. Н. Крадин, А. В. Коротаев, с. 304–
334. Волгоград: Учитель).
Podlazov A. V. 2000. Theoretical Demography as the Basis of Mathematical History.
Moscow: IPM RAN. In Russian (Подлазов А. В. Теоретическая демография как
основа математической истории. М.: ИПМ РАН).
Podlazov A. V. 2001. The Basic Equation of Theoretical Demography and the Model of
Global Demographic Transition. Moscow: IPM RAN. In Russian (Подлазов А. В.
Основное уравнение теоретической демографии и модель глобального демографического перехода. М.: ИПМ РАН).
Podlazov A. V. 2002. Theoretical Demography. Models of Population Growth and
Global Demographic Transition. New in Synergetics. A Look into the Third Millennium / Ed. by G. G. Malinetsky, and S. P. Kurdyumov, pp. 324–345. Moscow: Nauka. In Russian (Подлазов А. В. Теоретическая демография. Модели роста наро-

Andrey V. Korotayev and Leonid E. Grinin

223

донаселения и глобального демографического перехода. Новое в синергетике.
Взгляд в третье тысячелетие / Ред. Г. Г. Малинецкий, С. П. Курдюмов,
с. 324–345. М.: Наука).
Potekhin I. I. 1954. South Africa. Peoples of Africa / Ed. by D. A. Olderogge, and
I. I. Potekhin, pp. 524–616. Moscow: Izdatel'stvo Akademii nauk. In Russian
(Потехин И. И. Южная Африка. Народы Африки / Ред. Д. А. Ольдерогге,
И. И. Потехин, с. 524–616. М.: Изд-во Академии наук).
Preobrazhenskiy P. F. 2005. Ethnology. Moscow: Editorial URSS. In Russian (Преображенский П. Ф. Курс этнологии. М.: Едиториал УРСС).
Ratzel F. 1902. Ethnography: in 2 vols. St. Petersburg.: ‘Prosveschenie’. In Russian
(Ратцель Ф. Народоведение: в 2 т. СПб.: Просвещение).
Ritter E. A. 1968. Shaka Zulu. The Rise of the Zulu Empire. Moscow: Nauka. In Russian (Риттер Э. А. 1968. Чака Зулу. Возвышение зулусской империи. М.: Наука).
Roberts N. 1998. The Holocene: An Environmental History. Oxford: Blackwell.
Rybakov B. A. 1966a. Kievan Rus'. History of the USSR since the Ancient Times up to
Now. Vol. 1. Primitive Communal System. Ancient States of Transcaucasia and Central Asia. Ancient Rus / Ed. by S. A. Pletneva, and B. A. Rybakov, pp. 476–572. Moscow: Nauka. In Russian (Рыбаков Б. А. Киевская Русь. История СССР с древнейших времен до наших дней. Т. 1. Первобытнообщинный строй. Древнейшие государства Закавказья и Средней Азии. Древняя Русь / Ред. С. А. Плетнева,
Б. А. Рыбаков, с. 476–572. М.: Наука).
Rybakov B. A. 1966b. Rus' during an Era of ‘The Song of Igor's Campaign’. Isolation
of Independent Russian Principalities in the12th – the Beginning of the 13th Century.
History of the USSR since the Ancient Times up to Now. Vol. 1. PrimitiveCommunal System. Ancient States of Transcaucasia and Central Asia. Ancient Rus /
Ed. by S. A. Pletneva, and B. A. Rybakov, pp. 573–639. Moscow: Nauka. In Russian (Рыбаков Б. А. Русь в эпоху «Слова о полку Игореве». Обособление самостоятельных русских княжеств в XII – начале XIII в. История СССР с древнейших времен до наших дней. Т. 1. Первобытнообщинный строй. Древнейшие
государства Закавказья и Средней Азии. Древняя Русь / Ред. С. А. Плетнева,
Б. А. Рыбаков, с. 573–639. М.: Наука).
Sannikov S. V. 2002. The Structural-Comparative Typology of the Old German Societies (According to Written Sources). Works of the 40th International Scientific Student's Conference ‘Student and Scientific and Technical Progress’ / Ed. by S. G. Pyatkov, pp. 59–66. Novosibirsk: NGU. In Russian (Санников С. В. Структурнокомпаративная типология древнегерманских обществ (по данным письменных
источников). Труды 40-й Международной научной студенческой конференции
«Студент и научно-технический прогресс» / Ред. С. Г. Пятков, с. 59–66.
Новосибирск: НГУ).
Sannikov S. V. 2003. The Development of the Early Forms of the Royalty among the
German People: Features of Politogenesis. History and Sociology of State / Ed. by
A. P. Derevyanko, pp. 36–54. Novosibirsk: NGU. In Russian (Санников С. В. Развитие ранних форм королевской власти у германских народов: особенности

224

A Model of Center-Periphery Interaction

политогенеза. История и социология государства / Ред. А. П. Деревянко,
с. 36–54. Новосибирск: НГУ).
Sannikov S. V. 2005. The Religion in the Service of the Royalty in pre-Christian Germany
and Scandinavia. Vestnik NGU. Seriya Istoriya. Filologiya 4(1): 33–42. In Russian
(Санников С. В. Религия на службе королевской власти в дохристианской Германии и Скандинавии. Вестник НГУ. Серия История. Филология 4(1): 33–42).
Shchukin M. B. 2005. Gothic Way (Goths, Rome and the Culture of the Chernyakhov).
St. Petersburg: Philological faculty of St. Petersburg State University. In Russian
(Щукин М. Б. Готский путь (готы, Рим и черняховская культура). СПб.:
Филологический факультет СПбГУ).
Service E. R. 1975. The Origins of the State and Civilization. The Process of Cultural
Evolution. New York, NY: Norton.
Shkunaev S. V. 1989. The Community and Society of the Western Celts. Moscow:
Nauka. In Russian (Шкунаев С. В. 1989. Община и общество западных кельтов.
М.: Наука).
SIE. 1966. Maroboduus. Soviet Historical Encyclopedia / Ed. by E. M. Zhukov, Vol. 9,
p. 123. Moscow: Sovetskaya entsiklopedia. In Russian (СИЭ. Маробод. Советская
историческая энциклопедия / Ред. Е. М. Жуков, т. 9, с. 123. М.: Советская
энциклопедия).
Taagepera R. 1976. Crisis around 2005 A.D.? A Technology-population Interaction
Model. General Systems 21: 137–138.
Taagepera R. 1979. People, Skills, and Resources: An Interaction Model for World
Population Growth. Technological forecasting and social change 13: 13–30.
Taagepera R. 1997. Expansion and Contraction Patterns of Large Polities: Context for
Russia. International Studies Quarterly 41: 475–504.
Toynbee A. J. 1991. A Study of History. Moscow: Progress. In Russian (Тойнби А. Дж.
Постижение истории. М.: Прогресс).
Tsirel S. V. 2004. On the Possible Reasons for the Hyperexponential Growth of the
Earth Population. Mathematical Modeling of Social and Economic Dynamics / Ed.
by M. G. Dmitriev, and A. P. Petrov, pp. 367–369. Moscow: Russian State Social
University.
Turchin P. 2003. Historical Dynamics: Why States Rise and Fall. Princeton, NJ:
Princeton University Press.
Turchin P. 2005. War and Peace and War: Life Cycles of Imperial Nations. New York,
NY: Pi Press.
Turchin P. V. 2007. Historical Dynamics. On the Way to Theoretical History. Moscow:
Komkniga/URSS. In Russian (Турчин П. В. Историческая динамика. На пути к
теоретической истории. М.: КомКнига/URSS).
Turchin P. 2010. Warfare and the Evolution of Social Complexity: A Multilevelselection Approach. Structure and Dynamics 4(3): 1–37.

Andrey V. Korotayev and Leonid E. Grinin

225

Turchin P. 2015. Ultrasociety: How 10,000 Years of War Made Humans the Greatest
Cooperators on Earth. Chaplin, CT: Beresta Books.
Wright D. C. 2001. The History of China. Westport, CT: Greenwood.
Zinkina J., Ilyin I., and Korotayev A. 2017. The Early Stages of Globalization Evolution: Networks of Diffusion and Exchange of Domesticates, Technologies, and Luxury Goods. Social Evolution & History 16(1): 69–85.
Zinkina J., Korotayev A., and Andreev A. 2016. Circumscription Theory of the Origins of the State: A Cross-Cultural Re-Analysis. Cliodynamics 7(2): 187–203.
Zinkina J., Malkov A., and Korotayev A. 2014. A Mathematical Model of Technological, Economic, Demographic and Social Interaction between the Center and Periphery of the World System. Socio-economic and Technological Innovations: Mechanisms and Institutions. / Ed. by K. Mandal, N. Asheulova, and S. G. Kirdina,
pp. 135–147. New Delhi: Narosa Publishing House.

