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1 Introduction

In order for material cultural lineages to be successfully passed down, there must be a learning process where
individuals acquire the skills needed to replicate the general shape or adhere to the basic ‘rules’ for each object
within the bounds of cultural norms. Thus, the act of creating material culture functions as both a direct and indirect
method of transmitting cultural norms to individuals (Gonzalez-Ruibal, 2012, p. 21). This was particularly true of
pottery, an essential part of daily life, which required certain necessary skills to produce. With expanding agriculture
and increasingly complex social structures, it is hypothesized that pottery production methods likely transitioned from
small household-based activities to more organized forms of production that could supply a growing population. In
doing so, the variability of the shape of pottery likely fell, with production units favoring (consciously or unconsciously)
more standardized shapes.

This study focuses on quantifying these changes in pottery production through geometric morphometric analysis
(GMM), investigating how potential shifts in production methods are reflected in the shape and standardization of
pottery from the Initial ~ Early Yayoi period in the Hakata Bay region, Japan. By examining changes in variability and
standardization, this study aims to clarify how production methods evolved in response to demographic and societal

changes during this early agricultural era in Japan.

2 Material Culture Production Organization

The organization of pottery production operates on multiple levels, where ‘social learning strategies’ combine
with production structures, ranging from household-based workshops to specialized, small-group settings and
large-scale industry. Hansen (1979) emphasizes that knowledge transmission is essential to the perpetuation
of every culture and the structure of all human societies. In this sense, learning serves as a cornerstone of
societal organization, with shifts in learning approaches impacting social structures, both past and present. In
pottery production, social learning generally involves three key participants: instructors, models, and learners.
Instructors guide learners using specific pedagogical tools to direct their attention toward set goals, while
learners employ various methods to acquire and apply new skills (Loftus, 2022b). These combined tools and
learning methods form what we term “social learning strategies.” Each strategy varies in the time and effort
required; in general, more intensive approaches result in products that more closely replicate those made by the
instructor, leading to lower variability among artisans (see Fig. 1, ‘A’). As a result, production environments that
require high standardization often favor structured transmission methods to maintain consistency.

In this context, pottery production ‘organization’ reflects the degree of specialization and standardization
expected within a community. Household-based production, for instance, may exhibit greater variability due
to the informal, flexible nature of learning, whereas specialized workshops tend to adopt more formalized
learning strategies to achieve uniformity in output (Fig. 1, ‘B’). This relationship between production structure
and learning strategy suggests that as pottery production transitions from individual households to specialized

groups, the social learning mechanisms adapt accordingly to support consistency and specialization.
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In the context of pottery production, variability in shape often reflects both conscious and unconscious
decisions made within a socio-cultural framework that emphasizes the preservation of a particular “style” to
uphold social identity. Variability can therefore serve as an indicator of the underlying learning strategies, as
well as the production organization. While high variability might indicate a looser, household-based learning
structure, low variability is often associated with structured, specialized production. Recently developed
quantitative methods now enable us to measure and analyze this variability, providing insights into the

production and organization of prehistoric pottery.
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Figure 1. Theoretical framework outlining the complex relationships between differential social learning strategies, organization type and standardization

of material culture (Revised from Loftus, 2022b)

3 Quantifying Production Organization through Material Culture

“Specialization”, or the ratio of producers to consumers, refers to the spectrum of production contexts
within which material culture is crafted. This spectrum ranges from individual production for personal use to
large-scale regional production (Fig. 1). In essence, specialization measures the ratio between the producers
of a craft and its consumers (Loftus, 2022a). “Standardization” in ceramic studies quantifies this specialization
by assessing the uniformity of the produced items, typically reflecting a production process that uses limited
materials and follows a formalized routine (Arnold & Nieves, 1992, p. 93). In other words, more formalized
means of teaching/learning will likely produce material cultural artifacts which are more similar to one another,
despite being produced by different individuals.

Ethnoarchaeological research indicates that individuals within a particular socio-cultural context tend to
produce material culture that mirrors that context due to learned behaviors (Ingold, 2001). This phenomenon is

highlighted by Terashima & Hewlett (2016), who explain that craftspeople often create goods resembling those
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of their instructors. Costin (1991) notes that “degrees of material cultural stability can result in recognizable
patterns of past societies”. Pottery serves as an exemplary case of this, given its complex cognitive processes
and extended learning period, which, when guided, results in fewer errors and clearly delineates social styles
through form (Gandon et al., 2020; Roux, 2019). By integrating ethnographic and archaeological evidence of
standardization, it is hypothesized that different specialization types employ distinct social learning strategies,
evident in the material culture, particularly pottery shapes.

The analysis of ceramic shapes, independent of size (considering size yields ‘form’), is foundational in
archaeology. Detailed quantitative shape analysis can reveal changes in production organization, levels of elite
control, and individual variability in shape creation. Degrees of “standardization”, or the relative consistency
in shapes (Bai, 2022), helps quantify variability, reducing personal bias (Longacre et al., 1988; Arnold, 2000).
This study uses Geometric Morphometrics (GMM) to measure differential standardization to extrapolate
relative degrees of specialization in production organization. Cooke and Terhune describe GMM as a toolkit for
multivariate analysis and visualization of Cartesian coordinate data (Cooke & Terhune, 2015). Modern GMM
studies fall into three categories: traditional GMM, landmark-based GMM, and outline-based GMM. Many studies
on pottery complexity favor 2D outline-based GMM, processing pottery drawings into usable data through
Elliptical Fourier (EFA) and Principal Component Analysis (PCA) scores. These scores facilitate significance
testing, dimensionality reduction, distribution analysis, and relative rate of production (ROP) extraction, thereby

gauging relative standardization.

4 Prehistoric Case Study - The Initial ~ Early Yayoi Period (BC
900/800~300), Hakata Bay Region, Island of Kyushu, Japan

The onset of the Initial ~ Early Yayoi period ( #1 4 KX 2 #5 - 571 #7 ) (around 900/800 BC to 300 BC)
signifies the roots of an increasingly intensive wet-rice agricultural society in Japan. This era is notable for
the gradual spread of wet-rice agriculture, which dramatically altered Japan’s social, economic, and cultural
framework. The transition from a hunter-gatherer existence during the Jomon period ( #8283t ) to an agrarian
lifestyle prompted the formation of more stable communities (Mizoguchi, 2013, p. 53), improvements in farming
techniques, the rise of social hierarchies, and most relevant to this study, shifts in material culture production
methods, as seen through evident changes in the organization of labor activities (Mizoguchi, 2013, p. 54).
During the Yayoi period, new technologies, such as metal tools and distinct pottery styles, were introduced,
enabling more effective farming and food storage solutions. These innovations paved the way for the complex
societies that would develop in later periods of Japanese history. Previous studies on social learning and
production organization tell us that modern hunter gatherers often learn through “observation and imitation”
with “little or no instruction from teachers” (Terashima & Hewlett, 2018, p. 314). Contrast this to agricultural
societies where social learning seems to take on more rigid and clearly defined steps. As such, the early Yayoi,
as a transitional period, is a potentially fruitful case study of changes in production organization in prehistoric

humans.
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The period features a variety of pottery shapes, each serving different purposes in the society and
the daily lives of the people living in the Hakata Bay region ( 15%7Z ) on the island of Kyushu in the south of
Japan. For example, some vessels are used primarily for cooking, others for serving, and others in mortuary
contexts, with many scholars of the Yayoi period dedicating years to studying the morphological differences
between these and their relationship with agricultural society (such as Misaka, 2022). The Hakata Bay region
is widely recognized as one of the initial contact zones between the native hunter-gatherers and incoming
migrant populations (Misaka, 2014). The “Yayoi” culture took root in the Hakata Bay region during this period
and subsequently spread throughout western Japan (Miyamoto, 2016, 2017) — meaning that a recognizable
cultural tradition should have been established in the material culture of the time. This cultural consolidation
should be evident in the standardization of pottery vessels, a topic not yet thoroughly examined in previous
literature. Therefore, this study focuses on this critical Hakata Bay region to explore potential changes in pottery
standardization and associated production organization. This study employs a morphological stage system,
dividing the period into three major phases: (Stage 1 = Yuusu style (BC 900/800-500), Stage 2 = Itazuke 1 style
(BC 500-400), Stage 3 = Itazuke 2 style (BC 400-300)).

5 Materials & Methods

5.1 Materials: Hakata Bay region ‘Kame’ Cooking Jars

In earlier investigations, Loftus (2021, 2022a) observed a significant trend towards the standardization
of mortuary pottery during the early Yayoi period in this region, suggesting potential shifts in social learning
strategies. However, ‘tsubo’ mortuary vessels ( &%)+ 2% ) were not the predominant ceramic types of this era,
as they primarily served as storage and funerary containers. Consequently, standardization of these pots might
have lagged behind that of more commonly used vessels, with increased production likely emerging later in the
period.

To examine differences in pottery standardization practices between two shape types, this study
focuses on the most prevalent pottery form from this period and region: the “kame” cooking jar ( Z& 2 1 28 ).
The kame was handcrafted using clay slabs, without the aid of pottery wheels, and fired at low temperatures
in open flames, without kilns (Misaka, 2022). Its production was seemingly predominantly a household activity,
with no evidence of specialized “workshops” at this time (Mizoguchi, 2013). The kame displays complexity in its
evolving shape over time, influenced by concurrent indigenous and Korean Peninsula ‘Mumun’ (in Japanese,
‘Mumon’ #£3X 125 ) tradition production methods (Hashino, 2018). Additionally, there were at least two stages of
hybridization in form during this period (Loftus, 2022b). Nonetheless, the kame can be generally categorized into
two major types: carinated/cordoned and smoothly rounded (Fig. 2). This study employs a subset of samples

openly available from Loftus (2022b), analyzing 200 complete vessels from the Hakata Bay region.
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Figure 2. Carinated/cordoned (left) and smoothly rounded ‘Kame’cooking jars from the Hakata Bay region. 3D photos taken by the author, with permission
from the housing institute, the Fukuoka City Archaeological Research Center ({28 IEE XLt > & — ).

5.2 Statistical Methods: Geometric Morphometrics (GMM)

This study utilizes the aforementioned ‘2D outline-based geometric morphometrics’ as the base of
data presented. GMM is a toolkit of different computational analysis in the extrapolation and visualization of
differential shape in archaeological artifacts. Specifically, this study utilizes the following workflow:

1) Data Collection: High-fidelity photocopy of site report line drawings (600 DPI); conversion to binary (black and
white) pallet.

2) Contour Extraction: Elliptical Fourier Analysis (‘R’ package ‘MOMOCS’) (Bonhomme, Picq, Gaucherel, &
Claude, 2014; R Core Team, 2020, v3.6.3); Size factors removed from counterclockwise traced contour data.

3) Dimensionality Reduction: Contour data fed into PCA; PC scores extracted for further quantitative statistical
testing (first three PCs).

4) Significance Testing: PC scores utilized to test statistical significance using MOMOCS; Significance tested

between temporal stages (the main goal of this study).

5.3 Data Availability Statement

The minimal data set (PC scores) which supports the findings presented in this study will be made available

upon reasonable request to the corresponding author.
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5.4 Ethics Statement

This study primarily utilizes 2D outline data of archaeological artifacts published in openly accessible
archaeological site reports from the Northern Kyushu region of Japan. No unpublished data was utilized in this study.
Furthermore, no destructive analysis was conducted in this study. No living descendant groups have any ongoing
claims to the data or original artifacts presented in this study. All data is securely stored by the corresponding author,

and no data is linked to any specific individual, living or otherwise.

5.5 Funding Information

This work was supported by the Japan Society for the Promotion of Science (JSPS) KAKENHI Grant-in-
Aid for JSPS Fellows (Grant No. 22KF0305) (https://kaken.nii.ac.jp/en/grant/KAKENHI-PROJECT-22KF0305/)
and the KAKENHI Grant-in-Aid for Research Activity Start-up (Grant No. 24K22529) (https://kaken.nii.ac.jp/en/
grant/KAKENHI-PROJECT-24K22529/). The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.
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DTH 5,

6 Results

6.1 Significance Testing

Following the extraction of elliptical Fourier coefficients and analysis through principal component
analysis (PCA), multivariate statistical significance testing was conducted to confirm that observed changes in
pottery shape across temporal stages were not due to random variation. Both Wilks’ Lambda and Pillai’s trace
showed p-values of < 0.05, demonstrating significant temporal changes in vessel morphology (Tabachnick &
Fidell, 2007). Wilks’ Lamba: df1: 6, df2: 390, F:2.144, p:0.0477; Pillai Trace: df1: 6, df2: 392, F:2.144, p:0.04771.

Furthermore, in order to accurately assess where the above statistical significance lies between each
morphological stage, pairwise comparisons of each stage are also provided. Pairwise comparisons revealed
that although the morphology between stages 1 and 2 showed no statistical significance, there was clear
significance between stages 2 and 3, suggesting that more major shifts in production standardization likely
occurred in the latter part of the period. Pairwise Comparisons: Stage 1-2:p=0.30977, Stage 1-3:p=0.023982 ,
Stage 2-3:0.047914.

6.2 Kame Variability (Fig. 3)

Fig. 3: A: Variability in Kame shape falls within the upper half of vessels, with PC1 (51.8% of total variance)
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directly representing the general openness of the mouths of vessels, and degree of curvature of the vessel necks.
PC2 (18.7%) represents more clearly the lips of kame vessels, especially the degree of outward curvature of lips
relative to the neck. PC3 (9.09%) is represented primarily by the width of the base of vessels. PC1-3 represent
79.59% of the total shape variability in all examined kame vessels, with remaining PCs showing less than 7% of total
variance displayed. The latter are not included in this study as they fall below the often-utilized threshold of ~10%
variability of each PC.

Fig. 3: B: When considering the first two PCs which are above the ~10% threshold, there is a clear trend
towards a gradual process of shape standardization (at least within the upper halves of vessels which hold the
largest amount of variability). PC1 over the three examined temporal stages shows a relatively compact spread of
variability, with stage 3, despite a general lack of samples during this period, showing both a morphological shift (as
expressed by the average line moving) and the peak of distribution becoming more pronounced. PC2 on the other
hand, shows a marked change in morphological distribution between stage 1 and 2, with a clear central grouping
of samples into a higher peak, but flattens out again into a more varied shape in stage 3. It is possible that some
variability became apparent again in this latter period, or that the lack of samples in this period is skewing the results
slightly. Regardless, the general trend seems to be a gradual reduction of morphological variability.

Fig. 3: C: PCA morphospace tells a similar story to that of PC distribution, with 95% confidence ellipses
slowly shrinking in their breadth over the three periods, and with stage 1 vessels showing a relatively wide range of
variability in the morphospace among all four quadrants. On the other hand, stage 3 vessels seem to group in the left
two quadrants primarily, and are represented by less angular, and more “curvy” vessels — this would align well with

previous results of typo-chronologies presented by Loftus (2022b).
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Figure 3. Results of Geometric Morphometric analysis on ‘kame’ cooking pots. A: Summary of shape variation along PC axes (PC1-3) of kame outlines,
utilizing the ‘PCcontrib’ function; B: Box plot distribution with overlaid violin plots of PCA scores (PC1, 2) over the three temporal periods; C: Principal
component morphospace plot of PC1 (x axis) and PC2 (y axis) between the three temporal periods (stages 1, 2, 3).
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7 Discussion

During the early Yayoi period, significant population growth and migration in the Hakata Bay region
introduced diverse groups with distinct pottery traditions and techniques (Usami, 2020). While this diversity
might initially suggest an increase in pottery shape variability due to the integration of various styles, the
evidence instead reveals a trend toward standardization (lessening of variation). This trend suggests that as
population demands grew, communities adopted new strategies to ensure consistent production. The increased
need for reliable pottery likely prompted a shift from household-based production to small-group units where
experienced potters trained others, leading to uniformity.

The observed standardization despite population growth and migration suggests that potters and
their communities implemented intentional strategies to control variability and maintain consistency in pottery
production. Centralizing production and formalized learning allowed communities to scale up pottery production
efficiently, meeting the demands of a growing population without sacrificing quality. Typically, when specialization
of production is achieved and a set number of potters are able to focus on production alone, a larger number
of more specialized pots are able to be created in a comparatively short amount of time. Standardized pottery
shapes could have reinforced cultural identity and cohesion within communities, especially in the context of
integrating diverse migrant groups. When focusing on the Hakata Bay region in particular, a clearer picture of
differential standardization emerges, contrasting with the broader Northern Kyushu region ( At Z8 AL #5 ) as
previously analyzed by Loftus (2022b). The cooking jars from the Hakata Bay region exhibited a much quicker
standardization process than those from other regions, aligning with the understanding that the majority of
population increase occurred in the Hakata Bay region (Miyamoto, 2016). This demographic shift played a
critical role in shaping the pottery production landscape, significantly impacting social learning strategies and
related production organization.

A contrast exists between the standardization of cooking jars and mortuary vessels (Loftus 2022a)
within the Hakata Bay region. Cooking jars demonstrated a relatively consistent shape from the beginning of
the period, gradually becoming more standardized over time. This contrasts with mortuary vessels, which began
with higher variability but standardized more rapidly (Loftus 2022a). The difference in standardization practices
can be attributed to the distinct functions and production intensities of these vessel types. Cooking jars were
essential for daily use, necessitating consistent and reliable production to meet everyday needs. This demand
for uniformity likely drove early standardization, as potters aimed to produce functional and reliable vessels
efficiently. In contrast, mortuary vessels, primarily used for storage and funerary purposes, were produced less
frequently and with more variability initially. What drove the rapid standardization of mortuary vessels will need
to be explored in further studies.

Despite these insights, it is essential to recognize that this standardization pattern may not be universal
across the Japanese archipelago. Different regions might have adopted agricultural practices and specialized
production at varying rates, with some groups selectively integrating new technologies or cultural traits (Crema,
Stevens, & Shoda, 2022). This process of “choosing” cultural traits continued well into the following ‘Kofun’

period, with evidence of outlying island cultures having continued extremely unique cultural trends such as
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cranial modification for hundreds of years (Seguchi, Loftus, Yonemoto, & Murphy, 2023).

While this study contributes new understanding to the organization and specialization of pottery
production in early Yayoi society, certain limitations should be considered. The study’s reliance on geometric
morphometric analysis, while effective in assessing shape variability and standardization, may not fully account
for other factors such as resource availability, technological constraints, or cultural preferences for specific
design elements. Moreover, the focus on pottery shape alone might provide an incomplete view of production
dynamics, as additional factors like raw material sourcing and production techniques also play significant roles.
Finally, while the findings suggest a link between demographic shifts and production organization, the exact
causal mechanisms remain speculative. Future research that includes a broader range of archaeological data—
such as raw material analysis, regional comparisons, and assessments of manufacturing techniques—could

provide a more holistic view of production dynamics during the early Yayoi period.

8 Conclusions

This study examined pottery production organization during the early Yayoi period in the Hakata Bay
region, utilizing geometric morphometric analysis to quantify standardization as a marker of craft specialization.
The results reveal a trend toward reduced variability in pottery shapes, particularly in cooking jars, suggesting
a shift from household-level production to more organized small-group production units as agricultural practices
expanded. This transition aligns with demographic changes, such as population growth and the establishment
of social hierarchies, which likely drove the need for efficient and standardized production methods. Differences
in the standardization of cooking jars and mortuary vessels further highlight the role of function and production
intensity in shaping craft specialization during this period.

To further elucidate the relationship between production organization and pottery standardization,
future research should focus on comparing pottery assemblages with varying production rates within the same
shape type. This would help isolate the effects of production intensity on standardization, providing a clearer
understanding of how social learning strategies evolved in response to changing socio-economic conditions.
Also, while the notion of differential usage based on shape-type affecting standardization was explored in this
study, further work needs to be done to extrapolate how possible differential production methods (Jomon or
Korean Mumun-influenced) could have affected the standardization noted.

The findings presented in this study underscore the importance of pottery standardization as an
indicator of social change, enhancing our understanding of how early Japanese farming communities adapted
production organization in response to demographic pressures and changes in societal structures. These
insights could also extend beyond Japan, offering a valuable framework for investigating the relationship

between craft specialization and social evolution in other early agricultural societies around the world.
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FEICIEETINAWL [EEBEROLIARDID] H'HD. LLWHIEBNVHD LML TV (p.52),

2-2 FERARAIG IR &M L OTREN

TUVEOEREZBVWREIEIE, ZbnaBL S5 oN2ML OFOMBEEBERICHT 2ERIE. F7-bORML O
ReB-o7cAEICEEARAEL, ZHONEMLEEZ LN OMOEREREFREZELSZLIE. BMLE [Zhbhi:
MOICEZ S| LWof, BMEMNAKIRICLTLEIDOTIEAWES S A, R oS 2 IE. U7 —Iiu (2000) &,
ZofER% [BRELATO—FHREHIORY %, KK échange DEFFIICBELEZ ] 0L LTELLAEEL L
5 &35 (p.619; F 285),

TYVEORLUIEZHNARLIE, MLEZZODAVWEIINLTERZONE L) BREDTHY ., RIFFMLAZbNE
WEEZER Lz, —A. V7—ILER LA Zhbn2HE, oML OERZROLI ET S, HICLBE, MLzZE
ST EIE. ZTOoDHFFIICELTLWS,
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ZN (WLEES52&L) . BEOZODOFFHICEL TWAZLZIBET 3, §4ahbb—2lk, B
inculpation DAFIT, ZNIEEFMLABVWHODOEHFTH S, H 5 —2lE, ML DEXK demande &5
offre DIIBDEHI T, Z I TIEML A ARWE DA EBEN effriter D D, ST DHF L WEFIOHEICHTE L %4
hiEkhozu, (O WEIAEREA) (Riceeur, 2000, pp. 618-619; T 285)

F9.—DBED[BROGEH]ICOVWTRTHL S, TN BROAEREDOHEZIELRILTWS, MEEIR.[E
BROGH] FTTIHERBEWVWSRAICHK > TERIN, BEEL L THRONS, U7 —L (2000) (&, ZOEFFHOTT
FRLAEENBINTVS I L 2T 2, [CORKMRTTE, BT2ILATEZLIATLAY, MFT L
ET&EARWL] (p. 608; T 275), EINEMET 20IE, [EE, TAHLLERHECERICEVLTRINLE L. REM.
RENICEETSIELICE>T, EZRB/ETZIETHS] (p.608; T 276), —H. ZDEEMNEINZMLAET
INBZeiE, RAUDERICHT 2|E\UETZ D V2T KWABREL LTHAEINS (Riceeur, 2000, p. 608; T
276), 2 WML IE. FIBRIESIEDZICEVLTIE, T4bE [REOLZLOH ETIE, MLUIFERERD H@HICH
25T LIETET, BIRBWICEREEICHES LI TH S, EMEIRLAAEWEDIFERS] (Riceeur, 2000, p. 608; T
276),

RSBV TEREZB T oONLER, 772C0RTZLTORBNLHREZITAND ZELITELRL, BEE%
B on=HICHT 24081, [ZIFANLONE] OTIEARLS [Fahad] oThl) ., ZnHAEDOHETH B, &
ZITIE, MMEECREEOMTORAMAARIAIE AV, 207D, V7 — LI oz [R5 AT —H%A
HH &S,

Yo —iL (2000) Ic&kB &, [ZbNaBLESEZONZMLOEOBERERERICHT 2EE] 3. ORI
DO—FHBAEH DR Z2, MLEZESIZEHWBT D5 —20FH. ThbbRBoFFIcBLEZS (p. 619; T
285), U7 —IUAMLOFREEZRZDIE, 20 [ZHEOEEH] (ICHEVTTHD, Y I7—Lid ZOFRFICEVWT IR
OMEE] I2BFE [MLAAWLD] » [BAhs] £EZX 5,

CCTHEITRZR HMLEBLAAVWSOZMT ] ERREZTUXICHL V7= [MLAAVWSDZKT ]
T-HODEERRTZ2OTIEAL, [BMLAAWDO] BEEZHET. dhbb [BLAAVWLED] o [RLAAST] %
FHIEEZERLEISIELTWEZETHD, ZLTENIF, EbNMLICE>TEEN K] DEICTZH
28U —IVEERTEDTHD, MLIF. MEIDEOHEICEVWTIMEFICH LELABHETZ2 TS AVWRERLE
LTHBEEINI D, LALYIZ—LIE, Lz, 2V, 5X5KMELTRRA DI LT [ERLATOB/ROHN~—
HEAHZES | £ TB5DTHS (Riceeur, 2000, p. 619; T 285),

BIETVXOMHEILE T2bNRML2EHRET DI L] 2L LARMBOHRE LTEENICIRAEL, T ZITE
BeRWEZ58T2, [HEFEOGEHIL, MLz, BMLEEZ 2O EG~OEE] (Riceur, 2000, p. 616;
T283) TN VI—ALRTURHL S| EZF [RAlERbODORBE| ORBEOALRD, InH, ML EEREEN
BRI OWMLEIET RV I —LOEREDTHD, Y7 —IL (2000) ICENiE, [ZbNdML 52 HONBH
LioMicik, HEABRGROLSIHBRLOPHZ| LW ERICEIT2ERIE. FIEICERINZIBWVIRZEN], 74
HEMLZEZD ZEZFIZRITDOTHY, ZDI EHNTIMBREBES 2 (p. 618; T 284), FarcbDHRIE,
M [BRENTEO—FNEREH] OTICH2, COH-RICEVWT, b RREEZEITONNIEHKEEZTIND,
LHhL. ZoEHZBEL, BB EPZOEFHOTICH D Ehh>TLWEALE, FA7bIFEIH T, 2HhNnb
MLESEZONZHLOBOMEBEREGREZELTCLES, 2D, BILHELELTLESEESN, SA-bICRLzEZhYE
5DTH D,
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Uy —ild, 777 R M-3&%—L Klaus-Michael Kodalle (1943-) O EE#%2E Y. ML E2Z 5 &Ik TER
considération (Nachsichtlichkeit) | # 0 £ Z L T, #IEICBENITE 2] THD RS (Riceeur, 2000, p.
618; T 284), INA, FELRLAEFZLIFLLD ETHEIC. FELLAEZEBRLLS LTS HYBVLER
une volonté tenace| #FA X I ¥, —ARICAEA# T3 L5 AFELET NS L5 AER%EEFD (Riceeur, 2000, p.
618; T284), ZLCZIDMLZEZI I T D, REEBLMEEZ W2 TIE] & [NFzTanzdE] &0
dD—ANLERYS (BMLEEZX%E] & [MLZRITERZE] LW TBNLERICBITEIEZ, Thbb [k
DEFEHE] IBITEE D TH B,

EhrCZbNTMLICE > T [BR] PHIRYT 52T, REANDIGE L L TR TR L OREEAFHD
nandblnin, Lol ebniBlhroaE 7ML, FSLLTYLD [T/ I —WHEEEEI] & LT
BILIMLOETH>Tee ThNIMLADEEIN/AMLIE. RELTHRLELTROSZILIITEEDREAD D,
ZniE, (MLRAABIEZBT] ZLICEBESHEVOTIEREVWES S A, ZOBWIIHL, VI7—LIET VX EIFE
BBEATHLORAREMEICAEE) & T, MBDERZEZHZ S &7 5,

2-3 EELrT7HR-—

TYURIE, REOERLE [RE2ZORBORE] ICEICEENLLD, T4bb [Ta/ I —NARmEs| ]
ELTHHL, LEMLYZ—IE BMLZBEL WS EBRNLGIMOTEA LES DI 2, BENLGRIEE LTO
ML OBMENLGAEIIFIT 226, ZORMGEE LTCOREIERIFLAZEE. MLOFREZERT 20THZ, 2
THRETAREIE, V77— [EENLERE] ELToRLEEELDITTIEARL, HL< ETHEBRZARE L
W THEREENGRM] ELTOMLEERLAIETHD, Vr—id I [FEMENLREE] & W3 BE%. [
5] EWHEETHET S, Wid. MLEZBSELTRAD LT, TNEREICELWTAREADOELTHRL LD
ETBHDTH D,

TURIE, PrvorLbyayFhrebnMLEZRRE L TRLOBREEEZRLTWD I EZERHL. 25 L7A
ROEICE-7MLIE Toa/ I —WARMEE] THRELTHHILEZ, TURIEBZNZITTHRL, MLEWSEE
ZOHLDICEENBRESE L WS BERIAEENTWEEERT S, FAVET [T & #EBKT % vergeben & L
YEEZOHDIC [ECY HEA L maldonne, BE5 DB =BEINES corruption du don] & WS BHAHB E L, T HIC
FLERZEDL [E0RE] A% BT 5 Vergabe (X, [ME S N/i-mig. 5ic =% Th 3] 1T 5 (Derrida,
2015, p. 12), ¥%bb, (BT Z&] EVWS EEDHFERERICELEBENLBES LV IBRIPZENTVDS RN
2DTHb,

DI—nb TR ERERIC, ML EBEDERZRALIE LT, LhL, REIMLEZEBEL EEENLESLLT
RREIEWE LD o7, HICE->T, ML EEBEZFOES LT [RRVALICHEEE] LW FURMICSH
F214TRDEGBREDTH %,

ZDEATHREWLWHELEITL, MLOBAICWE LS ICBEbNS, BIIRLAZEbhAah 7, L LEZEZD
FETCEIRITNIELSAE L, (Riceeur, 2000, p. 624; T 289)

LHL. BzETEIE, THLLAMICEZRED L3, E4ICLTUTOL S it zA0 %,
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220k, BEEABEELIELWVEBEDOMNBICE ZE T, BNCREEE DY LT, B3 EEx
faEr BAEZEHFICEZ, BET3L5VWT, 5281045, BEZ L IRBEARERNEDEAT
L 2.3Y, (Riceeur, 2000, p. 625; T 289)

ZoFIT, EBENIEICEITONDEZNERL b= 2TV TWD, $hbhb, RELIE, BEXSICE>TThN
TLEEIICRATVWTH, RBRIZ. BEICL - TRBEEL Y HBEMUAIIFICIZ 2O DOFFEBROFTITHNT
WB EWS I, [BEOE] 2R TW-72E I, ZNHNBETHLINHITREFTE AL, RETE AWV, T4
DOHRILDEBVELHEVWI EIE, CLAZEEBICRILOEBULOEFZEA LI EZIOTIEEVLD, U7 —id
IO LIRM®D [BRAIOBRICHELIBNTLS EFHRLTVWS] ZE&%zEHT 3 (Riceeur, 2000, p. 625; T
290), ZL T, B~NDBITRILZPHFTDHCEL 2 HDBRDOTIEEL, BMEKRAICERDHDTHD EERT B,

BRELVWOHOBBEFEOL M) v 7 ICERICLED > THHIE. BUICHRINAEBS, 2 L URREZ 2 5REL
EFHRFELAVWESORD, EHLINDIOEBELTHA S, EHZTORRAIZME->TWD, ENSHFT S
&, FNIEEMELRA ami ICZEZ B2 ETH B, (Riceeur, 2000, p. 625; F 290)

MeBSTHIE, BICEETZZ I Mo IRILEPFTEIRETERL, ELWS T EZBBELAL, T TITE,
IRILANDHAFIE R W BUCAINBEIL, BMZET A LICL T BMERAFICERSIEE2DOTHB, 2FW. VI —
WD [FRLOBHITUEBET 2L LAETRRYALICHZEY ] L W GRIL [HEET 2BRICIERRY 2 HFY 574
EMHLTVLEDIFTIERL, BMZETIRICHATINIDI, BONZOBEEZITME I L, £-Z0/BR. 2
TE S 72 BDRFICEDDEVWIHEETH D, COLIBRBOBEES TR, ZTNZ2ZITIEHEIC [HRL LARITNRIE]
[ LARITAIE] LBVWBZEDARVDTHE, ZZIIEDHIEP, FEBROPTELIRIBICHIREIIFEL
BV, BEERESICIBENERLAIREA2525ILICL > T HENKE 2R SMRT 2D THS (Riceeur,
2000, p. 625; T 290),

ZLT, Uy —i (2000) IZZ0EEETHEVWIBEEE (B2 RILT2ORBTIEARL, BTS2
DXPTHB] £L. INTZH [BEOFEENLR] THZEEERT S (p. 626; F290), ZDERI A% EKR
T50h., [EFEDITIE Parcours de la reconnaissance] (2005) OF TELLKRBRTHA LD, Kz, [7HR—DEHE
TIHEEDRBED I HICHDHERL—EEIHMONTWAL] EFHEBT 5 (Riceur, 2005, p. 344; 318), 2%V Y7 —
W TREEDIEMENLGR] & LT [BZ2EE] LV IaDHEL —RITMELTORKIBETH LD ENAT HR—
DI ENDEIDHHRDTH S,

COFHNBEICEWTERANLBBL LTEBTIT7HR—ayam %, V7 —ILIZEARZ ¥ U X ML BICRE
INFHDELTIERAB WL, [THR=IZ, BEFARBLEVWSHENEXZZFL>TLWE LS RERENA-HREDE
ARTELZ] EBRRTWLS (Riceeur, 2005, p. 348; 322), Z LT, 7HR—d [ZhHLLBREFAEEZMS AL &L
SEMRT, SEIELEMEICHTIENEEADOLDICT 5] (Riceeur, 2005, p. 344; 318) &Nz, 2F Y, &
FEMRDLODOETTONDIET oA L, EMEL VWSIREZRYVEY, FAEMALORETORMTEI L%
AIREICT 2D TH D, Z L CEZRAITONIEIZ. EBEZzMOBVWEY 7 —LIEERT 2, BYYEZITR-7EF
FEBOFEEZHSB VO ZOEAICTHEND I LEHL (B I I TEBENELHLAICOVTIRERT Z),
£oT. ZTREEIZRILORBICEONA VLD, BILTI2ETEASZITMBZEL L TRAONDEIDTHD, V77—
WiE, BEZEHNLABEICL > TRASZDTEAL, BEOTAEORA, THabbKosFAEEN, BE5Z{T-
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TLWEDNEVILHRDLD, BEORTOERRZERT %,

CDES BV - LOBRIE, ETHBLlBDh, U7 —I (2005) I&, 7 A—F - L7+ — )L Claude Lefort
(1924-2010) A2 —FK - L7 4 = X b A —X Claude Lévi-Strauss (1908-2009) ~m#t¥ & L T, [HHE%= KA
ICE > THEARAFEANEETLEIEVLWSIHE] A [T EIELTHICRNETI2ER] Z2HLE->TLES &
HWARF-ZEZBICH L., BRNARRIREICBII2RKONE~NLBZATEZ L2 IT2ERETERT S (p.
352;325), ZLTInD [BEOEEZDOLD] TH5RZHECLTLED EES (Riceeur, 2000, p. 352; 325), B
ELVWomBREFBBHENICHOTLLD LT2H7-0IC2<oNd [(NBOBRREFICLZIIEFIZABBEY ] »°. BR
DHEETHZTRELLY [ERICE] AZ2ZEATZ0THEZLTVWIONEVS ZLZBVRLTLESIDTH
% (Riceeur, 2005, p. 352; 326), sz %EBIEL. EBROITAED [BEOETE S LR CBZATLS &
I 5D TH -7 (Riceeur, 2005, p. 375; 345),

IT, ZZET V- hEE%E (B2 257 H0RE] L LTHREALERICE., BEORICZEEICH
LEAFEITOoNDE ZE~DIE#IH D 2R L1, BEE, XzEMEE VWIS REIOBRTZOTHY., £
V=Nl THEELIT, BEZZUTMAEFEZ2ARTZ2L0LDTIELEL, TLAZOHEICEZRAITS L O54D
DEDTHD, LHMLII L7 B —RUITMBLTORM] 13, —R9DE. RIFERABENLIMEEUL T
WBEIIZRZRZ, V7—LiE, EOLSICLTHEEZEENKBERFITEDES 5D,

2-4 HHEE AR

Yo —JL (2005) &, 7HR—IZDWTHE—L ¥v-F—FE a1 -F )4 IT—)L Seren Aabye Kierkegaard (1813-1855)
DEEXFIAL. THAR—DOBEBICE VT [T EIERGFED [HENRATREL ] MEH [—F L ftbh O E|BOEE ]
EFRYVRSE D] L~ (p. 345;319), 2 VBEEIL, BOBFETIHBICHITREEMICL > T, HBoYIEL
THNAEWL, EBRLZAVWHDORTOXEAAGEERDIDTHD, THR—OBEBICEWTHRINIBEESIL, ERD
[MEEM mutualité] ICEDRBBRDTHD, COEAUDNEDLIBRBDTHEMICOVWTIE, BEENKIRICENT
BHAFELAVWI EOHAEZEBL THALNICR S,

T, U AP RARIEENIRICETIUTOTRER THEL S,

HHBICEVWTIE, BRLOEBEH IR WD, TNIEFEBHIEWDLSTH D, XIAWH, KBDITAEEL-HDEE
A EIFICITY #2153, (Riceeur, 2005, p. 359; 331)

BENAIIRTE., BEERBEEICH L GRILARE LAY, Thid, HREABEEICHL CZOBEEFED
AR OSBICL > T EMOEBEEET 22 L FERDTNEH D TH B, HENEEEICTY %133
LiE, WhIERAOREAES E SHOTHE, TAbLEEIC L SBEROEENThN, BLOBHEHE LT ICRE
FHEEFTEENS T EL,

ZD &S HREENLTEAN TOhNEHIBEZ. Y 7 —IL(2005) IZ[HBIGH mutualité 2 E 8 E M réciprocité] & RIR L.
MK LR L WS Zo0Ea% BT 5 2 & T, FHENLTHICOVTHLS (p.359; 331), AL E 4
SHABELLROESOF AL O LI H2BH] ©h Y. HERL I [KROFTAELLOBOE & &5 HF]
#ETHEDTH S (Riceeur, 2005, p. 360; 332), CHOZDDXBIZIE. CNETCRTCEABILREDOERHICHLO
EEEIL S BOEBANETINE S5, BHHEREE 5 BEHARTICS Y, EEMRTAEDRAICT 7
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BENARTIBH A TH S, U7 —LFERD & 5 10, FEORIRICIEE < BEIC 55 2 OREMIEIC & -
THEENTLVB I L RIERHT LT, BEERL 2 LT OTABICRBRERT 3.,

ZLT. BEABESI2RERERAT 2 [KROTAELLOMOS £ X 4ER] CHLTALLNS R
Tentre] EVWSSEILY S —LIITAEORAICT > BENABRALEEL, BUBENRERET 280
BEEMEERERT 22T BOBEICHTI2HRAN I TERENLRITICH S Z L 2RABT 5,

MEICHE>TL 50k, [MTentre] OB%RTH D, ZOFEBICK > THAIE. ZIBEBOFLAYEZED [HD]
HBROTEICH T 2HEEME, MEUEZBERITARAEBELLFZOMMETLL ALK S B PMEDESR &
WS BBIAR—FREL LTEBINTWVWS ZO L) BREIRELNOXBIT 2 L5 ICEA-NIDOTH S, (Riceeur,
2005, p. 400; 372)

BEREFTRED [FH] (EET2IET, TRAELLEZHBOHFEL L TRADZIDOTHS, 2F Y, HIEEIET
RECZDOZBICBVWTEWERBARRLFEEL AL T AT HEERITAZEZRBETNAIELEELTSZDTH %,
INICEYVIESIR, BL2YEPOBETRE L, ACADRICELDZEAE LTERINDIDTH S,

2-5 FHEMARBEERRT S [RH]

Tld, FMEICER LR VR, TAOLBAZMARIBIEEDL D ICLTHREREREZ DA S, TNEMAERIRE
lE, —A’MBAICHLAZELHLZET DL AZZITI 72 AIE—HICE L, A KXY HMENENE LLIEE
WHEDEELBT LI AR TH S, COLIBKIRL, EBbOA—ALPRTIEEZT S, XFLTY 77— (2005) I,
[TAELLPESE2BEY L TARTIEXICAELTLEINIOVNT, ESLTEZRITNERSAL] LR~
[TAE-LOBOERRENMEE | (ZEBTS (p. 357;329), 2F W, BVRLICAZD., BEPZHEZHZ S5 LT
BEBMEDOAVIAEFREWEIARIT, §ALLTHR—OEFHICMNET I I LITEFET2DTH S,

ZLT, THLAEAEMARIBEAREL T 2L I BRTAR—OEBICAIET 5 [ gratitude] »', BEITH W
TEMEZHERRT 2D/ 8RR,

B#E, A2 E—FITMAI L EWHIWE—AIC, BITMBEIE—BRLTEIEEVWI R EMAIZEL,
BEN Z o0 DEIZ D 2R Y &L, *ftﬁ‘&% inexactitude & \\5 g7t T#H %, (Ricceur, 2005, p. 375;
345)

U —JiL (2005) &, 522252 —BRLEZT S| LtLWIBSO—EORNITEWT, ZITES Z & A
ELTHRAONDZ LT, TEELAZITANONZAAD., BONELBRLIZEXELHDERLI2HAZHRE
T3] ZEexEHETS (p. 374, 344), ZD1o, BEICHFWVWTIERITRA I ELNT TICERLT D ZEEEHAA
TLE>TWEDTHD, ZZITY I — NI, [EZZ2E—FITRB L] & [RITWMAZE—BRLT B &
EEHEVWIEEICLI>THESE D, COBRHFICLI2DHD. ERICEMARAHLOEZTIMLELEI ETEILEPHE
BHLVWSDTHD, INiF, BE%E [5EXBZL—BRLTDIL] 2FVHRALNER, ZITRZ L VLSRR
THICH DL I BRI LTRADEHDBRREAZBEL. BE50ohaz BRI E—RITMBA I &) &) RIEHE,
THEHOLAEMARIBE LTORAIIBITEIE S,
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MEEDRBEIZDONTO, BRLICIERLGTHR—DHL ]| M"RILOEZEN OBEEDITRAEZBRIRT 5 LT,
(5222 ¢—BBRLTEIE] LW IREMATEAEIRT S (Ricoeur, 2005, p. 375; 345), Z OREMAIRER%
TR BDIE, [MEER prix & BEEIET délai temporel] (ST 2 RIEESITH S (Riceeur, 2005, p. 375; 345), HI&E
D MER] X, BENABERTOMETSH Y. ZOREEIA, Krsnd L OOMELFHY EVAIKEEZIET
ERBBRICHSAVWESL S, TIE—A, BED [HHEMNEF] OTREES LEIAEHEIOLEL D, Vo—bid, &
% [HBIRLIZSESH LU convenable BRE] & EWLWEZ % (Riceeur, 2005, p. 375; 345), TNIZ Y ¥WE=ITE >
ThoBRLEZEZ F TORBEZIET, B51E. (52222 UMb2 L] o@ThY., ZTIRILTD L
NEHBELTELAVLDIE, BE5D [HENET] CELWTREETHDZ L, THLEERLOEEREAED 5NT
WERWZ EIEALTWS, BRLAERED [Woh] BREINE L5 ABBOELTRAONTWENLIZ, BE5E
TEMA R E L CRIBEICHR D2 DTH D,

ZZET, BEDTHR—DFEHICEVWTAREMARME LTHRIND I EZHBLTE, V7 —LiE LA
COBEIET 3 LR, ZOREMARIEDL [EAOFLANORBE] ICEOW b0 THB LIERT S,

D5 Lh‘ﬁé%o\)?ﬁ%;% économie du donICET 2DIE. ML ZPEIRIEADHLEBNDORE logique de
la surabondance IC& > TTH Y. ZDREBICIEEIICIEEFRA LB T 2FMDIREE logique de I'equivalence
HEIIIEEBIRETH D, (Riceeur, 1995, p. 206; 198)

BELLHINIEBENTRICEVTIEEINZ HDIE, BERICEoNS [HEAANLTELOVW LI L%, A
ICHLEBEIV] 0L BEMOBRBICEOSVTERICHONS, —A, BH#ICK > TERT 2AEMAEIE. &
LRNOHME) ICEOVWTHREIND L WS, Surabondance I3, 8%, &4, BF ] 28%KT %, 24, B5IC
B3RO REMME L MMEORE TEB L MEDBZICL>TELTWEDTH S, Kb IZ BEIRTHA—
OEBICEEVEIT. BEICE>TEXAON, ERTIDOTHS, T L THEEIR, COREREFLERL LALD
DHEDHFTHHBERTZIEILEDNEFED,

BEIEPRY, HLOHEDOFICHFELTWD, 1LEXHLDHRD. TRTEERD OV, LILZDE
RIZBESEBERL—B5LOMOBREXREL TLWAHRNI—FICLAED > TS, Z0 &5 BEEREFIC
TN TWBIZLTHTH S, (Riceeur, 2005, p. 348; 322-323)

I LEESORBMIE. RIEFERAERICBIIBERICL > TELNIRMLABI SR INIBR AL E AL
TWBEERDEDS, [EbhaLEEZONEHKL OBEBEER] ~DERIF. BE5LRE BArbotacE
DN RAER EEIY ECHELKRHIEZRICL THREFET 5, ZOERIEF. ZThFEBNRLOLEOTHY, 72
o ZZM L ORTEEMIZREI N TWEDTH B,

CZETOEREEFTZ. MLABICILBRY W, U7 -k, Z2bNB2BLOET S [HEOEH] AL O]
BEMZBAC EERLADTH>Te, ZTITHE, RMOPTHMLEBEE L LTIRATWAEI LD HHRICHZ, U —
L (2000) 1E, BES50BREBUOOWERBOETLEKR L OMBERICILRT 2] (p. 621; F287), £ L T, [#&
LS ORFICET ] (EREEHA) £8~3 (Ricceur, 1995, p. 206; 198), M5, U —icE >TTH
R—DFEFICBVWTEZ D E L ZIIMAEOM TR SN I TEMAIEHMENRIBTH -7z, MLEBES L LTIRR D
&, MLOYEZE, MLESEXZE] & [MLERTIMSE] ELTRAON, TOZHE, BEL VLS TER
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BRBICBEVWTHET 2, MLIE. BOPEVWOHZEICEOVWTHLEES-VEZXZYTE0TIEARL, Ehanh
DHEBIZBWT, BENRMEEEISHEND Z LI > TRIBERDDICARDZDTH S,

b

AWOBEMIE, [BELELTORML] OBEZEL. V7 —LAALDICL TRLOAREZRER L -Oh ZEAT
58 THT ZDFEHIT, TYRDHwHLULMLORATRBENED LS ICEYBIONT-DOALZHALMIC LT, Y
7 —liE, BFHARICINTWS [FLICEIT2EBERICHT 2E8] hodFEL, BML%E [FEmMENLIIE]
ThHRHOHBEEL LTRALIE L TN ZBL BLETHR—OERTIRAD L T HMLOEEEORAICILD,
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WCBVTEINEBBIEIRECZAHITOND, —=BIL [HFR reconnaissance] IR0 RFTTH B, U —
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N5 ETESIIEMIPUICRYEREINTLES LVLWHIBEZME—H. Yo —iLid, BEICEIT2BRITZRH# %
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Hawkins-Simon M2 & Perron-Frobenius @ EIBIE, VL7 RBEFDEERS L OEEMERORBRZEZLTD
DTHb, LH L, WINHEBEMNLHFZORBR L IS VH <. $5IC Hawkins-Simon &4 I3 FHE OKRZ LA
TRRIND L IEHTH %,

73T YT ARFZOHEMECHREZE TR, WITNBFAAFADOGEL L THRONDE I EAZ L, ZDRBHIC,
A0 AL X MBICIE, BERFOHRELSRI DI LICh D,

LA L. BEBZOHREZEOANRIE. ZLOBRBFFEICE>THEBRVEBET, HEHE L, LHH. Hawkins-
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F1E GKRIBY) Tld. HFENERIPERIND, CIPLTRR-AROTELTRED TH 2,
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TEOBEFHNEREZRR B LIHOERE YL I ABREZOMROBRD OMBRT D, & OIS 2EFIDO—MHI%HR T —
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The Hawkins-Simon condition and the Perron-Frobenius theorem constitute the essence of the theory of production in Marxian economics.
Actually, the two are not found in standard textbooks of mathematics. However, in textbooks and papers of Marxian economics, they
are often treated as propositions already proven. In order to understand the proof, it is necessary to refer to textbooks on economic
mathematics, which are quite challenging for many students of economics. Moreover, even if one intends to follow only the properties of the
Hawkins-Simon condition and the proof of the Perron-Frobenius theorem, many textbooks require thorough reading.

As a result, despite their high importance in Marxian economics, the Hawkins-Simon condition and the Perron-Frobenius theorem
are difficult to learn. This paper explains and proves the two, assuming only very basic knowledge of linear algebra at the university level.
In Section 1 (authored by Nagahara), mathematical discussions are developed, which constitute the main contributing part of this paper as
mentioned above.

Section 2 (authored by Ehara) describes the economic significance of the Hawkins-Simon condition and the Perron-Frobenius
theorem, thereby reinforcing the contributions of Section 1 from the perspective of Marxian economics. Furthermore, it provides explanations
of the economic properties of the Hawkins-Simon conditions and the proofs of “Fundamental Marxian Theorem” and the Perron-Frobenius

theorem in the general case of the two sector model.

Keyword: Fundamental Marxian Theorem, Price of Production, Non-negative solution of simultaneous linear equation, Eigenvalue problem,
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ELN TR IND Z L IEHETH B,
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Simon OEHFDME & Perron-Frobenius DEE DAL ITZ7+A— L7 T, ERBRZLELTET7—X
nE L,
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WA THD, TRAT7AELROR—XTZME (1961) THEH. REAHIPERIN TV IEREZ/L. £7-8
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1.1.1. —XxFERXR

UFD&DS ntEL 1 RAEXEEZ S,

biiz1 + biaz2 + -+ b1ixi + - -+ binTn =1

 binz1 +bioza + - - + biizi + -+ + binZy = ¢ (1.1.1)

kbn‘lml + bn2$2 e Rl ¢ b-nt'g:f s R bn.nmn. = Cn
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zzc. mEEnEDB = (bij) st~y parc="(c1 02, ... cn) 8 e R IE. HER (1.1.1) E

DETH b B, HREbijICRD &S BEHEMFIT S,

22Tk, BoiaEas b, (1=1,2,...,n)Ic 20 TEICEHEE D IFEVWEDE L THEREZED L,
1.1.2. Hawkins-Simon D &4

T, ARRQIDICEVT, kFREceR"0oZmHr G >0%2E-Tes, kBORM
;200 =1,2... . M) EBEOEKTNBO+HEEEANL S, LK. RBEHRICT 210, 758 = (bij)ic
BEh22TORNbIN. EHS. HDVIEIFEEME, FEETHIIELEZNENAB >0,B<0,

B>0 BL0ssmgzeeds, ~ytrec RUCHLTCHRBOREEBAT S, flzld. € >0&%L
=521 >0 22 >0 ... zp > 028H%T 2,

MdIS, TEAMMTFNCOWTERL LS, 22Tl ERRERDICE O REATIEGOES%E L

£ BB, RV BILCaRESTILHROESERTERTLEDND,

EE1 (LREENTI) BT < E<nicwL T,

%, BO kREEMTIE W, BroiTdl=

%, BOkREEMTFIRE WS, BH. BOn REENMTH B, BEFLL,

INZBEW3 &, Hawkins-Simon O&BZUTDO LS ICRBERTE 3,

£ 1 (Hawkins-Simon D &)

A2t (1.1.1) o175 B = (bij) o k ke T Belics L <.

DRILY B,
Thbb, &4 1. RETH Bo2TogEMIFIAHIPENEEZRS & WS E£ETH D,
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1.1.3. Hawkins-Simon D4 & JE& (ER

LT, AER (1.11) OREFHOT 2 2 2OFHEER~L S,

&2 AEA Q11 1E. 52 120FFREe > 0Icd LT, FaEREL: > 0%,
&3 AEA(1.11) 1}, FEOFFREC > 0w L T, FaERe > 057,

Cold. HER (1.1.1) 1B 2%5475) BH Hawkins-Simon O &aE-d 2 & &, H1ER (1.1.1) o@Er%
B2, 3%F-ILIIAETHD, UT. TNETEBOETEFEHTIEBL LS,

FEB1 AR QLD ICHVT, £ 1. &8 2. £E3IZEVICEETSH %,

Proof. MFWIRBMEZRWT, 2TOnDHFEIC, FH2=>FHF1=2583=>2582 (*) PRYIDT L%t
ByhiEL .,

n=10%H%:

(ZH2=>%41) 257, AERX (11D BFbhhri=céRESNd, 2% RETZE. Hscr >0CxL
Tr1 200 EFEETSE, 22T buri=c1 >0k 0bn #0, 11 #0h2hn, 21 >0TH 3B, £ T
biu=ci/z1>0%1582%, —H. &H1n=105&(B|=bu>0ThH2h 5, £IFLOHELYEHE1AK
ILTW3,
(RH1=256)%RT.&81&V[Bl=bu>0chznd. c1=a/buthd ftoT EBDC > 0icdL T,
1 >0ERBDT, ZRHE3IPKRIT B,

(X3 =252 &, RHEOERIOBELNTH S, ->T. n=10 T2, (*) PRYILDT LI RINT,
nh 2 U EDEHDIGE

HEHRMEICLY, n—1oe &, () PRITIERET S, COEE, nicBLT, () ARITE L%
REIE LU,

(2= DRI £H28Y. 55 1 20FFREC > 0S8 L T HET 2FEERT: > 01 EET 5,
ER-SeE>N

TIZT, FEERLOERNETci(i=12,....n)eBELE 2, 20THZZLITERL LS, AEX (11D
F1xX

EERI NI,

b11$c,1 =C1 — E bljSUc,j

=2

OB, AAE2EICOVWT, ENARSDOFEESRELS, b; <0(=23,....n)THY,. £H2LY
Te; 20(j=2,3,...,n)ThHdh b,
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— Z bljl’c’j Z 0
J=2

THb, [>T, b11Te1 > 1 THB, 5.1 >0THZD D, b1 #0, 21 #0482, $hbbRMHE2 LY,
Te1 >0, by >0TH B,
Ric, BRETHNBICH L TITEAZR (EEAZER) 2170, AER (111D A5T1%2EET 2, Thbb,

BEH. ZOTERERIE. £i70=23,...,0)IC, BLTO-ba/bufEERBLI-BDTHZ, "E217. B2
HUBEDRRDIZDWT,

tio‘?IE?'o Z Ty B*GMH_l(R)\ c*eRn_l%FﬁL\T\

\\

EECZLILT D, 2D LR, TEAEROERICLY . HBETIPAFEL T,

EEFDZZ IR SR WL, DX, ZZFToRERAER (1.1.1) %,

DRNCEZ]R - EICHET S, - T F1T0ARAZER TN,

THY., Tl 2ei (1=2,3,...,0)ZHAVTELLILICHRD, ZOExc; (1=2,3,...,n)F, HER
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DRTHLH B,
2z, AEA (1.1.3) ofREITI  EHRBFREOHFSICOVWTHERLLD, i,j=2,3,...,nicxd L. 3
AR DIFESRGED B . THY. b1t >0THDEN D, bijba /b >0&R D, TRDDL,

ThHbd, BT, 1# jORFIE, bij S0THhHsrh b,

EhB, Enic, a1 >0THdh e, abin/bi <0(i=2,3,...,n), §hbb,

i
c.‘-'zci—'cl—ﬂ>c,->{}(i‘=2,3,...,n) (1.1.4)
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Ehd, Thbb, HER (1.1.3) 3, FENARSOFERGEHL. HIEDFFRIEA (a5 AU

FEERT,; >0(0=2,3,...,n)%F>n— ITEIL 1 RARRTHD, COLETRINEDREICLY., HER

(1L.1.3) IZRB1ARILT 5, ThDE, D ke REEENTIIH ICxf LT,

Thd, TIT, TEXRERICEVTIE, HITICHOTOEHREEZMZTH, THXDERELSHEVWOT, B

D kREENTIR|Be|ld, 2<k<no&x,

EB, T, BLITERAINIE. by >0h5

ARYIODT, |Bp| >0(k=1,2,--- ,n)enY, £HLIARYVIDOI EATRENT,

(RH1=>%43) 2757, TEOEFEREccR"T. c2>20%% T 60%EWMb, £HhLY. HEER
(1.1.1) O RBATFIIBO | REENTHR [Br| >0 (k=1,2,--- ,n) AWMLY %, > T, |B|=|Bn| >0
THhBhH, BOFFTHIB-IANEET S, v, AKX (1L BhE—D0Re c R"2ED, ZOR%
@ ="(1,22,...,an) & RS, F£Fz, T, B =b11 >0ISEBL T, 2" =(20,23,...,20) ERT I EETH
iE. AR (L1 A oT1%EET 5 L & EABOTERERICLY.
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EEETE S, >T. TDERSD lFZznzn,

ERED, kic, AER (1.1.6) DR EITH NEEL1ZBRETIILZRTE I, TIEELREOFELY.
2<k<niciLT.

THDHHM B, B € My 1(R)DkREENTFIRICH L T,

DRI L. d&H 1 Z2HT
> T, BIEDIRE L Y. RETH  AERE1LZ2F>HER

Z.é > 0% E-TEBOHEFIREEc RV HCH L. 2F—D0FaERY e RV 42>, 2 2 A% (1.1.4)
LW >0PMILT 5720, élle*sRATNIE, AR (1.1.6) & (1.1.7) IF—F %, AR (1.1.7) nIEEE
Ry  ER" NI —DTH B, THIEY =2 THB I LIRS ARL, IS, ©20G0=23,...,n)pRA
nr-,

S50, by <0(j=23,...n). by >0THBHD, L1xETER (1.15) £V,
blﬂa
>0
= b11 Z bi1
EB0T, > 0 RENT,
(X3 =2%H2) EHESHLTHEDT, BT, ULhrd, TEOEREZE S,

1.1.4. Hawkins-Simon D &4 & E1THDIEEEYE

Eix, AEHX Q1D ICBVT, ZE 1IR3 LEBEORGDLE S —2H 5,

a4 A (1.1.1) 0T B = (bij)iz. 2ToRSHEaTHZETHIB 1585,
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FE2 AEX QLD ICBVT, &F L £H2 &H3 FHELIBEWVICEBETH 5,

Proof. &1 > &K 4 >4 35781, TEL1AOETOTENEMETH S I LI REND,

(1 =>%E4) #5R7T, A2 (1.1.1) 0FRETIBIE. £ 152 KRELTWE0TB >0ch Y, #1175
B lu#Eo, FB14LY. 1P RITNIERGIERITEIN T, FEOFEZFREc € R, ¢ > 0%
Tboxenid. A (1.1.1) FEaERr. c RP %15,

T, BiINAEBT = (Bi;). kaEokEREERC="(c1,02,...,0). FEERE Te="(Tc1,Tc2,- s Tem)
EEFIL

ThBHB, TIT. ceERPEkEBEBETCHINIEEERETCHDI DT, FE® J=1,2,...,n 1T L.
J
c:ej:t(0707"'707i707"'70)t$5Lj-‘i\\\
:ce].=B_lej

BB, §5L&,

EBBN B, EADTe; L BRD & BTN,

Thd, ZH3EY. 2,,200@=12,....n)THsh b, Li;>000=12,....n)tHn3, £>T. 2TD
J=12,. .. nicd L TREOBREETI LT, Bii20(=1,2,...,n) %83,

(ZHEA4=>%H3) 27T, FROKEMELAFFREc ¢ R"%285, AR (1.1.8) 0RTLZFHET B &, &ITIC
2T

xc,z‘=25ijcj
j=1
tREND, 4 LY. BT >08RET DL, ¢ > 0THBDT
xc,i=25ij0j >0
j=1

BB, T, BRIETe > 05E- L, &3 PKRIT 5,
O
U, Tho 420G IRLTRETHZIOT, b ixE-dhHE2 (1.1.1) O%#1T5 %, Hawkins-

Simon OEEZH-THRETNAL EPERZ LIZT 3,
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1.2. Perron-Frobenius O FEE
1.2.1. Frobenius 1R

AeM,(R)#1EDFETINET 2, Thbb, A=(ay)>200,7=12,....n)%%:- LT3, € M,(R)
EREAMTIET B, Thbb,

1 if (i =)

5ij = . . .

0 if (i # )

FAVT, I=0)Tcke s, 0ij2sAxy Hh—DFLEEND,
peERZEFEREICEY, Bo=pl-Ar s, oL &, ik, ai; =20TH3Hh5
bpij=—aij <0 (I #j) k) FENARPOEEBEEZHE-LTVE, Thbb E LIATERLAER (1.1.1)

DRBITHNBIZBy, = pl — A% BAT 2 Z & THLNZHRER

Ioxt LTk, By = pI — A3 Hawkins-Simon D&% iE-tIE, £ 11 THEBRLATE2AEATE3Z &
kB,

TZETOHRFEICLY. Boh Hawkins-Simon O&HEEETHEI . PICORMRKEL THRESINS, &
ntkS5kpeEROH/HICETZ. ROBELRTEZIHT 3,

FE3 H2p >00FEL, FEDp 2> p I LT, HER (1.2.1) 0REEITH l%. Hawkins-Simon ® %
BEmET,

Proof. WK DD DA Ty I T THBE%ZITS,

Stepl.  #'Hawkins-Simon O&H%#LT L 34 P E Ry et —2BET 2,
(Step 1 DR ) (FE=DOEE~RY b x € R"%2—20%.3, o 2HER (1.2.1) o D2 EHEMIckT &,

EHh B, 22T hrEsA={aa.. mlCROEHEDI L, BEAOH D% maxA, H % L iE
i

Maxi<i<n{@i}EELZEILT R, TOEE, 2TO AL

THBINH, P E
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EHETLSICEBNAE 2Tni=1,2,...,nicxfL

ey AR (1.2.1) O TORIHNEERD, COEE, FEFXREcc R*"ELT

EENIE, e >0ThY, ARAX Q2D e > 05RICED, o TE&E2%8BL-T 0T, KT Bo iz
Hawkins-Simon ® &% #7-7,

Step 2. A2z (1.2.1) O1%#4751Bp*5* Hawkins-Simon O&M&HE=T R 51, 0 > pH ST %5475 B,
H Hawkins-Simon D&% %7,

(Step 2 ®EERR ) Boh* Hawkins-Simon O&@E% - LT WB o, HE2s (1.2.1) BEM2 &Y. H2EEON
7 et e R*iZx L <.

%9 IEEER TR,
TIT. P> PIEBETEEDpICHL,

EBL,RELY, p—p">05m380, (p—p)x* >0, £/, c*>0&Y. ¢ > 0P YLD,
x5, THDBID D,

ERBDT, BREITH BoldH 2EFREe > 0o LT, FEERE 2ED, TNIERE2 IChAEST. -
TEHE 2 &Y Hawkins-Simon O &% 7/-7,

Step 3. 5123 (1.2.1) DHREITHI By H Hawkins-Simon D&% E-3 A5 (1E. p* >0
(Step 3 DEIER) WEETIHAT 2, p* < 0ERET %, Bp*ld Hawkins-Simon OG5 E/-9 /-0 &2 & V.
HBEBOEFREC € RMcH L, Borw = ca#r-dhaERTHS2EET 3,

—7H. EFROFEEERB~N7 bl € RMICHL T, THDEHD D,

LB, E92¢. Bprx=c>0th2FRECOEEICFET 3,
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FE3 LY. BT A Hawkins-Simon &M%~ p E Retkroh2£4B(P)IREchY. F
CERTH D, > C.EHOEEUEABICLY XEBP)O TR > 01EET 3, hE. XEB(P)D TR & I,
B(P) BT EHHLEY EYESHREDZ L TH B, FIZITKME DTRIZ1THB, ElE. ZOTRP

. REITSY H* Hawkins-Simon O X EZFE /-3 ESHDOBREETH 5 Frobenius RICHL T3, LHLE
E3TIE., PPAEDLSICEZONZONICOVTIEMNONTE ST, H#EMELVBESAICTBICIE. WD
HOEBHANEL LD,

1.2.2. EIH{Ef=E

— oA e M,(R)icx LT, AEx

TN EC. RO #0008 FET 2L E AE2EBHE. w2 ANICHTIEERY MLERR, ADERES

thEop(A) L kT, nRERITH [ #BUWT ERBIEICEELT, EAMEREE (1.23) 225 Hx
RN

Ehp, EEERE(1.23) IcB0WT, A\PEBEETHZ I LIE. EBOBFNN — A IABEELEVW L LR
BThHsd, whd, M —A) IrEET 3541k, BEMERE (1.23) cErs>M — A~ teiirnig

rESNZ, Thbhb, =0k, T#O0ICFET 3, ELOEFTHN — AL AEE L A VEREIE,
MN-A=0ThHdhrb. \PEBETHE I LIE, o)) =M —-AlE17iF. \rHRER

DRERDZZELRETHZ, DN 2 ADEFSER, H20IFEEZERE VL, 2R (1.2.5) 2 ADE
sHEACEEARR C L5,

Ae M, R)nigs, ADEAEZER ¢(\) 3EBFEROnRLERXTH S, L->T. ADEBFHERIEEHRE
DRBERBRFE 8D, ZDO-H, BAZ. REPOEATRICLY ., EELHFEEnETHY .. —BICITEZKT.
BAERY bLxd N ERKELR D,

IZETOEFT. ADBERELEOES0,(A)IE

rECZENTE, ADEFERK(A)DBROEK L. EEAHLIENBETH DI I EADN B,
£z, Ae M,(R)HFETIOHEAIE. kEaDEFEN E RABFEET S, Lrb, FEOEEFEOFTRAD
BEBEICHGETAEERY FALT, REDIZOLULEOEMELDILDOABEETIEVWSZEL WEHEEED,

1.2.3. Perron-Frobenius O EE

Lk, 220175 A,Be M, (R)iIcx¥L, A—B<0, A—-B<(0ThsZt%. ZNZhA<B,  A<B
LB, INOFEREOREED, Ry L, YyER"IIHLTH, AEOERZEAVS, a5, FHADE
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TORDA D THBTE2A=0TBL. RZbLpIZO2>WTHRAKICE=0EXKT,

FI8 4 (Perron-Frobenius E®E) A€ M,(R)%3ka1T5ET2, TnEE, UTD2 20OIEAKY =2,
Claim 1. AlEaEAEEEHH. Zno0hTRANDLDEANA)eThiE. MA)ICHBTIEERY bLEn
BHRMEEHLOEY, x> 08 h2HDONEET B,

Claim 2. B, = pI — A% Hawkins-Simon O&# % #7370 DBE+HEMEE. p> MA)TH 3,

AoFaEEED > bRADEFENA)%E AD Frobenius IR & L,

FE1 AEEBANCHTI2EAERI MMEFO0F —DROINIELACELZOFERSLEERI FLERS,
Ihit, EEMERE (1.2.3) OmTIC 0 THEWEKBLEZETNIL,

Y, prbELANCHTIEENS bLER D, -7, BARY brx2ire 09542 REEZEBW OR
T(Wy CET2EBORY PNUEHEEEORTRI-HICBERRNDNRY PLOK)IF1IULETH S, 4,
HAF—MRICIFERBE L TEL, COFERRELIIHICEVWTEAIND,

FE A4 OIHBADENC, WK OHWDERBIDEELR D, TR LCEDITEIIINZEATERTTE 31T %
EANMNIFIEVNS, TNIZOVWTHREEXEEL LS,

EE 2 (EANMTI 175 DITAD SEDITi1,02, -, 05 (L <dp Sip <-o0 <dg <) ZFEO

SEDFJ1: 2, Js (1S j1 Sja < < Js Sn)&FRA TS 72 S REFTIN %

EEL, INZBOSKREFMITNEWS, £/, 20T %

EEE, INzBosREANMTIIRE WS,

B2 H31T5hoMAALODIT, £-IFFEKREHRELATHNICOVWTOERIE, XBICLK>TEAR-THEY,
BADITTERDZDT, HEER LA LV,

AR (1.1.1) oRETIBOEANMTINICET 2. ROMEZRET 5,

mEl AR (1.1.1) oFREITY H* Hawkins-Simon @ &&% =345 1E. BD s RIEANTY
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% Hawkins-Simon @ &#% %=,

Proof. fREL V. ARA (11D BERHE2%2ELT, §hbb, H2FFREc > 0. ICHL T, FEAER
x> 07 EET S, U CoFFREe € R RUFEERT c RTZ2EET 5, 7. REHEFBMLLK
5 {ipty—1 C{1,2,...,n}, {ighp=t C{L.2,...on} % i)y Ui =y ={L,2,...,n}, {ip}so N{is}n=s =0
LEET B, ThbB. {1 {i}2iEZhEN

#%7-L. {iphp=1. s&0{i i 0atnEORERIEICTENAS, 1,2,... ,n i35 ICERET 2.
Ric, ARR (1.11) OBARHITIEZ. RO LS BFEAERICLY . TEE~EZ 3,

3
3

EI5IC, TERZERELAARER (1.1.1) oRTICOo>WT, BOIEE%2EEER T DR

EmBESICHENERINE, AEA (1.1.1) &

DEIICERTES, THhbhb, ROAFREX (1.2.6)
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NEoND, 22T, AERA(1.26) DIFFREe., BLUE2IE. ToAER (1.1.1) OEEHREFREC. BL
OZNICHIGT 2 HBERLEDOBREROLENBEZITHZDT, HEHX (1.26) bFrAKB2%2HmT, TAaHL, &

#4175 B 1 Hawkins-Simon O &% #%7-9,
22T, REBUTYI B Dk REENTEI B 1. REITS BA Hawkins-Simon &% E-T I LV,

BB, i, EThIE

<HBh D, BosrESHMNTIBE okramigs Bl ¢ BokxamiaaBig, 1<k<sizsut
_Eﬂlj—%o 'ﬁEO T\

B, Blis} 3 Hawkins-Simon O&E%iE-3 2 A RENT,

O
COWEED LI, TELERIOWTORPNRMETIERL L5,

Stepl. n=1. ¥4HbDH DHBEETBHL &S5, M0IcClaim 1 2RY, BHEHRR (1.2.4) &

A—an)r =0,%2%, \PEEBLEZDIE, \PEEHER (1.25) OREBZLETHIN D,

ThbbA=anrEEETHD, 5. &KLY THHDT

#-oT. 2TOERERFETHY, ZOHRTRAD (RRICIRELZ—DD) EFER. MA) =anth3,
Rz, BHENA) =an KT 2EE~S b v >0ThsIeaRz >, BEHRER (1.2.4)
i)

THY. MA)—an1=0TH20 D, BEMENA) =apn cHT2EERT b FrF0xEBNT

T1=p-leze s, f#-T. BERZMLIET > 0ThH2, k. n=10BEEEESPN 1 DDA THEH b,
x>0&k3%,

LT . Claim 2 2R ¥, By, = pl — Ap'Hawkins-Simon D&% #-F EIRET %.n=1& Y AER(1.1.1)
Ix
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EREND, TOEEEHI LY, FBDe; >0EHLT, 27 > 08h2EMHR. P—an 20TH3, S5ic,

ZH1&Y.p—an #0, -7, THDIN D, ERB, —HMNMA) =an1THBHh S,
p>ANA)TH3,
BIZ, p> MA)LRET 2. AMA) =ann THBH b, ehp, chiklpl —A[>0z0%

DOTHY. £ 1TH5 Hawkins-Simon OFEEE®-T, UELY, n=10BFIREINT-,
Step 2-1 R, Ae My 1 (R)D & EICFEBDOIRARYIIDERET 5, L&, RBEZREIT B /-0, nRER
7FoE L, n— LREAMTH% L RLT B,

SE. Claim 2 2SR L &S, 1€{1,2,...,n} 23, ADEi1T. FiNEMIBL/Ln — LREAN
175 %

LERT, Tk E, iz, Txro 4 20cn s, BIMEDOREEL Y. Frobenius 48
MAT) 20555 MNAD)ISHBT 2EERY L ET, SEHPEHELSBY . & > 0THELOHEET 5.
T, p—1mEL 1 RARR (1.1.1) @75 plh_1 — A 5 Hawkins-Simon D&% H7- =H D HBE
+o%tiE. P> MAT ) THh 3,

ANeER%, RDESICESET .,

ZZT. EEicYzb, MA;) =080, <hs, p(A)NRF AoEHE
D3LEHDEDLGEERLTNS, b Loy(A)NR =0THEIFNIE, LAY IO,
p>ATHBEE, pl, — AP Hawkins-Simon DEH%2EL-T L ERZ D, 5.

MRRILT % D T, X, B EDIRTE H » Hawkins-Simon O &£#E%25%7-3, D L.
plo—1 — A g pl, — ADn — LREENTITH B0 5. pl, — ADEENTH (pLn — Ak 1233 L.

PRENEZ EICH B,

Yk, p>Aoexic|pl, — Al > 0xp Yz ciE. pl, — Al Hawkins-Simon Q&% 7-9 2 & AR

Ehd, CNEEEECTHBET 2, plh—Al=0RETZ L. peoy(A)NRTHZ, —H. NOEHEDL S
ehBH. ZhiEp € op(A)IcFBET 2, -7, |plh — Al #0en3,

Riz, |ply — Al < OefREL. PEEET S, TE3 &Y. 50 >max{0,plpBEL, EEHN 2P

LT, ln —A|>0chs, cok5aTLEET 2,

2z, AnEBE2EReO) =101, -Al iz IcBET2nRk02EXBEHKEAZ LS. RECTERT

H5, RE LY thY., eO) RBRMpLtcEETHI N D, FREOERIC L
V., B2ERp< 0 <nHBEELT, (0*)=0&%h%, §habb, 0€o(A)chs, —AH. RELY
THBEN D, FE, £-C. |pl,— Al >0THY., pl, — Alx

Hawkins-Simon O &% 7= Z L A RE N5,
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W2, pl, — AN Hawkins-Simon O&G%H/-T ERES 2, T E HEL LY. plp — ADSE 117,

F iSRRI E.EE0i=1,2...,n(2x L T, Hawkins-Simon O &% 79,
$5 EEDI=12....n
23 LTy

THBEN D, BIEDREICEYKi=1,2..., 0L Tp > AMA])HRY LD, Th&Y.

HEES

Kz, op(A)NR#D o & =, ThHhdH>ZIE BBEBEZTHVWTRY, T
p=max{o,(A)NR}ERET DL, PERA)NRTHzr L. [plh — Al =0t 424, Zhix Hawkins-
Simon @ & % |[pln — Al >0 12 F E, # > <. T ®H B, &R

T Be. TEE3ILY, FEN>picxd LT Mo — A £ Hawkins-Simon D & &% =9, L H L.
n =max{op(A) NR} > p L FnIF |9, — A| = 0 & A& Y, T4t Hawkins-Simon D&M %7 E kWb FIE,
> T, PRV IID, A& L2T) D& ICEETAIEL > A4 D
DT, Claim 2 A R& N7z, hB. $< Claim 1 OFBETANADBRABEEBNA) L —KT 22 erRENS,
Step2-2 H#UL T, Claim1%2R%Z5, Z0BARANER(A)NRTHY A= NAPHEYIE, BERY LA
FEALEZRWI EEREIEL W,

adjAe Mp(R) %, F5A0KRRFTNET S, pln — ADFTHREZE I TICHB T 2REATFERE, 2T0 I
ICDOVWTHITRIE, THoBOERL LER

BRRYILD, p>ADEE, pl, — Ald Hawkins-Simon O&E %1370, #1715 (pl, — A" pEES 2,
WM IEER (1.2.9) £V

ERTIENTED, BE2LY (pI-A)' 20, LU |pl, — Al >0TH2h 5, adj(pl, —A) >0TH 5,
zze. adj(pl, — A) o (i, ) B % (ij(p)) £ T 2 & IcThid, RERFITIOEED S

<HY, YPEplconTOn — LROZEXBERE LS, #£-T. PIc2WTREESEEKTHZIH S,

PR T D, —H. P> ADEEij(p) >0THBH b,

ERBID, aij(A\) >0THB, -7, adj(M — A) > 0H K Y 10,
- EEZ2ERe(p) = |plh — Al b P IcBT 2nR02ERBHE LAY R EcBETHZ, p> A0 L E,
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ZE1&Y)e>0Thrnn,

AW IO, $hbhb, M, —Al>20THh3,
M, —Al=0&h2Ze%R TS, e="(1,1,....,1) ER" 93, Thbb, 2TOEIHN1DRY FLT
H5, EHX (1.2.9) OmMALEEN SHITD &

&%, 22T, w=adj(M, —A)e, c= |\, —A)letBFIE. zcR" cc R*"THY.

ERrT, &z, adj(M, —A) >0, [, —A[>20Thzrn. 2 >0.c>08hB,

ZZT ML —A[>0ERETZE. >0 >0 YEE2ZHLTLH. A, — Al$ Hawkins-
Simon D&M AEBTH, TNIFKIEERLE Claim 2 ICFET 3, >, (M, —Al=0chznrd, K2
= (1.2.10) 1

E1BBDT, NEo(A)NRTH 3,
RICA=XNA) ERDBZEETRZS, NE€E(A)NRTHEA L, \DEE (1.2.7) &Y.

THb, —H. BU(1.27) &Y.

THDB70, £ B, 2T ANEAE M,(R)DIFABRFED > bH/ERDLDTHED B, A= ANA)H' K
URVASR

RIS, A= MNAICHTEEERY PAAFESEZA BV LERT,
Casel z Z0mDE &, TIEHRR (1.2.11) DR THZ A5, TIEAE€0(A)ICHTZEERY FLD—DER B,
—H. x0FEHT (=12, .n)EkRTE a;(N) 203G, =12,....n)THEHh b,

x; = Zaij()‘) >0
j=1

Eisto, x> 0ABY LD,
Case 2 DELE, TIFEBRY PLTIEAEL, aii(A)2>20(0,j=1,2,...,n)THBEH B,

n
Ty = ZCYLJ(/\) =0
j=1

£V, aij(N)=007=12....n) K23, ZhiF, adj(Mn—A)DLTOEIN0THD I EEERT 5,
£ (M, — Al =0THBH 5, zokgrank(M,—A)<n—-1eiz, $ubb, H5ke {1,2,...,n}

PEEL T, FEITOERS . ZDOMDITORDER W 1 RIEAETRES, T

nig, TEAZEREZTVELITOERAZ 0L T2 8, THRDLZOMDITORDTDOERBEE. ThoDM %R

WT, BEITOERDERLEE DK BIEATELILLAMETH S, Thbb, Pk=0&ErInEORE
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ZHAWT

xRt B,

7. adj(M, —A) =0 TH21 5. M\, — ADRTOREFH 0. i, M, — A7 (i=12,...,n)ic
LT,

BEYIID, Thbb, A€op(4A7)(i=1,2,....,n) TH B, —F. BWEDREICL Y. s
Frobenius /RA(A;] ) AEEL T, A S NA])AMIT 5, Thbb,

—A. NOEE (1.2.7) &V, THHBDT,
THBHZ e hh B,

7o, BIEOIREIC LY Frobenius /A = AMAL) IZHET BEERY by cRIT. £ > 0EBZDHD
HEET 5, Thhb,

Thd, TI T, ExREIE, AER (1.2.13) on — MEADTIZO2WT, 1
FNEAMICY =0 & B1FI1E. £

2185, INLREDN0THZH S, (1.212) TEBLFEA{PI 2. 8 i=1,2,...,n CHLTHUIET B &,

5183, 2OV OEES{Yit{12.. .n1\(k} EEWVT,

CEERT D, CDELE, YFY20THS,

YyeR"MAEC 0 (A)DEENY hALTHB I EETZE S, (M, — Ay £&TICOVTREL, £T0EHBZ
EETREIEELE WV, nADRTFDS b, i=1,2,....k—Lk+1,....ni1c20TlEd, Y =0¢H>TWVWBZEITE
Bynig, HR(1.2.14) £V,

MEONB, E>T, %di=EkIiTIco0TlE, & (1.2.12) £V,

50 Hawkins-Simon M {4 & Perron-Frobenius O & /KR f2AER,
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HELY, ye R IIBRAEHFE 2T 2Y>0DEERY FLTH B,
L]
EBR3 TEALLY, EB2D420FRHLABEOREDN S OIC—DMbo7cl &Il %, bbb, pl, — A
' Hawkins-Simon 0&#%#E-dz e e, p> NA)PEEE RS,
¥, ZOBTEAEMR)ITH L, FATHE LI RHFLUARAMBAF T TLANI EITFAL LS,
A€ My,(R)AEEHE WS B EBEWS &, Perron-Frobenius D EBICHEWT L Y BAOBRERIKY ID, TN
EIRBLIHICHEWTHLLBERT 5,

FI 4 (Perron-Frobenius DEE) £V, UTOZRAEANS,
% 1 FrobeniustRICDOWT, RD 4 DDFERHIKY LD,

Claim1l 3&BMEXRT bLy>0(y#0) &, FETHNAcM,R), H2EHP ICH/L T Ay > py & 5 14,

AA) = p,
Claim2 AoEFE® (—RRICIFEREHD) BEEZwEITNIE. NA) > |w|,
Claim 3 M. AL > A > 0% THSIE. AMA1) > MA2),

Claim 4 X(A) =A(*4),

TIT. BHEHw=w +iws (w1,wz ER)ICHL T, |w| ER%Ew|:=wi+w} EEDB, 2. EEKT
AETOwERERADEREEWERT, Thid, EHRORTEDBALILRTH S,
Proof. Claim 1 #/~9,

REL Y., Ay > playTH2H 5. (pl, — Ay <0TH2, bLp>NA)ThhlE, TELLY, pl, — A
I+ Hawkins-Simon &%, -7, TE2 &Y. #8750 (ol — A7 nEEL T, (pl, —A)~t>0T
BB, ft>T. FER (1.2.15) o< (pln — A) 7 2 # T ML,

Y, y<0ehy, y>0(y#0)ICFET 3,
Claim 2 #R ¥,

RELY., WETH(A)Thrrd, —RweCTHLILIEET L.

LHBEBARL R HEHET B, rBEi=1,2,... nicx LT,

Hawkins-Simon M {4 & Perron-Frobenius O & /KR f2AER,
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n
wz; = E a,iij
Jj=1

PHILT %, > T, WIOMEMEZERNIE, £1=1,2,...,n (LT, F&ER

5185, 22T, 2= (allnl. . lm) eERYesce, 22003400 ThY., Y aijlzliBAZ 0BT
THHh b,

E#Y, Claiml &Y, AMA) > |w|&i 3,
Claim 3 2R Rd, MA)ICHTEEBERY bl eR"Tx2 208 2L DENE, s, Ai>A>07T
HHHH, ZOmBIZT2 > 0Z28HFNIL,

5%, —A. THHHh 0. DY ILDD T,

fE-oT, Claiml &V, MNA) > \A)E&hR B,
Claim 4 %#/<x9,
FEEONREATHOITIRIZ. ZOEETHOITIAEELL, - T,

thann, AvERARR|IM, —Al=0ctg0EFARRXM A =0x%2I1c—KT 3, - T,
op(A) =0, ("A)TH BN D, MNA) = \tA) PRI N,

1.3. BE¥97:17%1 & Perron-Frobenius @ EH
1.3.1. BIHLTInERELEZOME

ZOETIE, TINICERNEVWSMEZEAT %, BEINGIEEITIIAICKH LTI, Perron-Frobenius D EER(Z$H
WT & YBUWERNY LD, 45, Frobenius IRA(A)ICHIET 2EEOEEBNY bLH, HEIEDEFRY b
e >0DEMBELRD IR HEITRNETHS 5, ZOFRIOVWTHRAZENS A, £TIEFAELNRIE
AT T 2T E, £ THEWTITH 2N AITINZEZERL L 5,

53 AEM,(R)akamie L, mrEasA={12,..0n}r 33, FTHAPANTHS. b L < IEHMET
KThd LI, NOBHES T. KUL=A. KNL=0%®~L., i€c KpojelL
EnreToE(, il

Hawkins-Simon M {4 & Perron-Frobenius O & /KR f2AER,
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EBRDIDODWBFESTDHIEZ VD, AINTHEWTIZ, BB TH 2. b LLRBIDBTETHDI LWV,

L, H2ESA0EROESE, n(A) kT L eTs, 7=

WE2 Ae M,(R)ZHFAITIET S, RFEEEEA={1,2,..n}c L. No#ogEa%s K, LeL, nl)=s
ET B, ZOLE, ANTANERB I L L, TELRIIOIESE ANEZ ZERT (ZhEBBRITIEWS)
Pr&ELT,

EhBZEIIRETH B, 22T An € M(R) | Ay e My (R) Aolt s77. FoFFTHY. =
noIE2THaTITH S,

Proof. AW EIITH % LIRET %, TDLE, NOBHES T. KUL=A. KNL=10
L, ie Kh2jeLets2ToE(, 1)L Ta; =042 00EETS, 22T LCADE
RENSVWHED BIEIC i1.92,. .., 1s

el DERENS VEH BIBICI], 5. .. ih_&F 2, ThbE. {ip}r1. {i},2]EZzhzh

L. {iphy—1. {6 }pol PEHNBEOKRERIBICENS, 1,2,... nkhb, 7o, K. LOEED D,
{iptp=1 U{ip}p=t = {1,2,. }\ﬁﬁ L H{El I =0THh Y AKOEESS

Thd, 2T NEXER (BEEFZER) OFEICLY, THAOHOIES % (1,2,....0) 1 5
(i1,d2y ooy is, 07,05,y i )ICHENER ZBHITHPABEL. ANBRALTIIEAPTRENG, S50, 1T
S ADTOIEF % (L,2,...,n) B DAL (i, d2, - -5 05,87, 83, 05 _)ICANE Z 2 BRITFIERAL P THY. A
NEZTNEP ATHD, S5, ZOBBTHP EnREMTIIOE i 5 & H | 5% ANE 2 - 24K1751 Pij
DN OHDETREN, P;'=Pi=P; THd, ft>T. P=P-1Thdhn, IhoiadhtdL,

ERD, BB, CTETOREIZTENDANZEZAToTVWEIDHRTHEIA D, A >0, Ao >0, Az >0
TH b,
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WIS, FETWAICHLT, HHEBERITIPHAFELT

Eiml-d ERET D, D& E A € Mp(R), ETNIE BERICELS P AL S P ABT NI,

EBD, INHRIEREZLLETTHY ., THORDRECLTWAWED, ARAIKTHD00OEEEEL
Tn3,
O
TIT NI MLERETORESZ: (1=1,2,....n)AETIEAWL, T4hb (128 EROAWV) $5|1E
LT, z;<0ehzex, xp0ekyeed5,

ROBELRBELLHT 5.
WE3 FBTNACMR)AANTHEILE, BIERPpERE, B3FAI Lz eR"TT 40 .
T £ 0EBLTHONEELT, LB L RRETH S,

Proof. ¥4, FEITINA c MAAHNTHNIE, B2 LY. ADTEINEANER 2 H 2 BEMITIIPHHFEEL
S

k73, A€ My(R). THEET D, Au>0THBEH S, Ay, ST B Frobenius R A(A11)
ABEEL. METEZEERY MLy cR Ty, > 0B LT HOABET 5, Thbb,

Ay
(9
A

Y1 ="y y2,. .., ys) LECLE, yeR" %

EHL, TDEE,

WA IS, BT P 2R oEIT I,

Ehb, = PyesiFia,

THB, $hbhb, p>2 XA eBTIE, A< pxTH3, EHIZTRBYOEPDIEEEZ ANEZ-LDTH D
. >0THY, 240, x#0&FHLIRI FILERD,
Wio, HE2EHpeRE, BEFEENI LT R T, 240, TA0%FELTHDH, Ax<pzx &
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BDERET %, e="(21,02,...,22) L RT T LIZT B, Li={jeN:z; >0 e B, z40THBH b,
Lc{l,2,...n}THb, —H. *« > 0h2xc#0&kY, LA0TH3,

czc, K={jeN:ig; =0 42¢ KUL={12,.. 0} 2KNL=0 &h3, R"&ER Az < px % B
LTI EIcBRTNIE, B 1T

n
> aijaj < pr;
j=1
kB, 22T, 1€ L3nbhb, EELVie Koz, 2, =0THsHh 5,
Zaijxjgo
j=1

£ B x> 0THBA S, RTOEICENT;T; =0, s5ic, jeLot&ld, x; >07T
HoHHH, wj=00GcK jel)chifhiEnsotn, K, Log#sy), ZhidA=(ay) a0 THEIED
EERICMASE L,
O
ZZETT, BERARTIICT B Perron-Frobenius D EEA L Y BUMERAEL Z LA TE S -HDEERE
WEBTE,

1.3.2. BE¥4175Icxt 9 3 Perron-Frobenius @ EE

FI5 (BT 39 3 Perron-Frobenius @ F38) 3E&1TA € M, (R)ABEHRTINTHB ET D, 2D

& &, Frobenius RIFA(A) >0 RY, MA)ICHIETZ2EDEERY brax > 0HEET S, Lrd, £EOD
BEERY FLIEZOXOEBEICK S,

ERA ZITOEHRELIR. FELITHRRAELSIICERREEZEDL-HDOTHD, 250, MA)ICHET 3
EEOEE~NZ bk, 2Tx > 0ogsEiEme ReCocitrasng, 2ok S5 LEBENA)ZEHHE
BELEES, TOZ Lk, HOEBNPOTHS, 2FYpeROEE BABERY PLOREPIFETEHRERY ., M
DETH 0 THWL, D2FYHUHINERD LTI, 2TEFHIP 0 TAVWERREAZZIEERLTWS, T§Aabb, F
BOEBRNY PHEDEPICEVWTIIEREEBAARI OHAVWI EZEKRL TV,

Proof. EB 4 &Y. MNA)ICHIET 2EROFEDEAENY b ="(z1,22,...,2,) > 0&EWB &, Az =NA)z%
WmT. TOR. WE3 LY. 240, TAOTHIELRET L. ARAWRTINERZA, NI AHLBENR
THNTHEZLICFET . 2T, > (0 THD. RIS, y="U,92:--,9n) €C" % NA)ICHET 2EED
BENZ bLET B, yOEBED Y, €C(i=12,...,n)%, £&Ps; € R E#pt; € RicHirc,

ERTIEICT D, TIT. I IEBEMLZRT, COER, EHEF ORI PLEZNATN
ctE="(t1,t, . ty) ERMERT I EICT R, CDEEYy=8+it LRSI EHNTE,
YD ANA)ISHTEEER bLTHEN D,
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Thabhb,

LBEBDT, B EBHAZNENEGTSER 1.24) 2847, o7, yOEBg. yOEIBE b £ A(A)I
RETHEENT FLTH D,

EL®IC, YyORBgH g > DERETRINDI I LERT I, B € R#%

B, Z0EE m<sifr; (=1,2,...,n) KL T B D T, si—mr; >0 =12....n) p BT
L. Si* —mZj» =0 2379 e {1,2,... . n} PBEET 2, IS, zy=s—mzecRrEH<E 21 >0,
z1 # 0%#AT, E5IC2111,

T, o T, 21 O ERETRE, BUORMBEI LY., APTRAETIERDZH, CHIEFETH B, £-
T, 21=0TH3drH. FEOEERY MILyD=EESIZ. s=mxr rERInd,
2CEKICLT, YOEZLEH T > 0DEHETREIND I ENRENDS, ThbE, FEOEBRY FLYD

By, L1 ERAKRICED 3 EHK

EFRAVWT, t=errkaInd, IS, L=m + i &BL e,

EBBDT, FROEERY bLyld, > VDERBEZECEREHLTERE D,

O
K, EBAILVEIMMNAERLIZADPFETITHOHNILLL, BHTHZHE S 2IFBERLIRV, ADBNAIT
FIThniE, EESL LY. IHICRODZ LPELND,

%2 Claiml AecM,(R)FPFETHENLTITHEET S, Hdx > 0IcL T, (pf —A)x > 0745 1F,
pl — A% Hawkins-Simon D&% 5#7-9,

Claim2 AcM,(R)1FEBTENRITINTH S T 5, pl — AN Hawkins-Simon DM % 7= 97 5 15,
(pl— A1 >0e%k%,

Proof. Claim 1 #R~9,

EAIZDOWTORBEEEHE (1.2.3) &2 3,

RELYADPFENTHED D, ZOLVEADIASL £1-BHTHB, LA >T, EE5 &Y. Frobenius 1R
AA) IHET 2 EQOBEAERY bp > 04 EET 2, CORGEMEOTINGEES & 5 &,
tpt (tA) — tpt)\(tA)

Hawkins-Simon M {4 & Perron-Frobenius O & /KR f2AER,
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thz, 2zt "(fA)=AaTh Y. MAREHEDT, ANA)=AATHD, ¥HI12, F1EYNA)=
MA) TcHzh 5,

PRI T B, T TIREL Y. THHN S, TOREXOELICEL S pr > 0 %2#T 3 &,

- T,

Ehp, £2AT, TF0THZLD. x>0 £-oT lpe>08hH2, #-To p—ANA)>0&hY, E
ALY, pl — Alx Hawkins-Simon O &E% 577,
Claim 2 %<9,

Lo, FEnc>0icmLc, (pl-A)le=x s E. g>0ehd2e%xxrT, pl —AD
Hawkins-Simon O &4 %E7-3 0T, T2 LW, FE0c > 01t L T, (pl —A)x =c%H-3IFEMHER
x> 0rEET D, TDLEE,

ThEND, WEILY., TAOLFERETDE, AVANARTIERZOTFET S, 5T 2> () TH 3.
Kic, (pI-A)'e=xTcHBILERT. cECRVBFABTHNREERICRNZ DT, FEOD

J=1,2,...,n ¥l c=e;=0,0,...,0,1,0,...,0) £ BFE. HET2REw, T B L.

B, $BE. (pl—A)1=(8y) LEL Z LIZTNIL,

ERBN L, KD Te; = t(mej,17‘ .. 7wej,n) BB % BT NI,

ThHhbd, TITT. Te;i >0 =1,2,....,n)THZH5, Bi;>0010=12,....n)th3, £>T. &2TD
i=1,2,... . nic L TRABOBREEFTS 2 £ T, %182,

2 REFHE

2.1. Hawkins-Simon D&
2.1.1. —RkAERXR

% (1.1.1) iF, T RABELICEVT, BRUELINEHBELERDZRICH> TS,
EHEEMITH [ #AEZFEAOEATHNA=(a;)) b LT, B=1-AtH<, 5 Br=ch

Hawkins-Simon M {4 & Perron-Frobenius O & /KR f2AER,
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(I —Ax=cThV, ThzZEIT2Lx=Ar+cthd, TIT. zE2RABELTNIE cHEEEB
BOEH1IEUH-Y OFBFHEEZRL. e’ BREEPORNRILINFEHELZRTI AN bLEL->TWE I
AT NN

W>T, BOEWNARASDIESRH (1.1.2) 3, MANFATHI I LDRBREMBINTE D, WHRDICEIESR
HEHAfFENBEVLDIE, BONARDE, EEPOZNERBEORAZSIWZETHY, ETHIARENHZDH
ThHd (L LAEENBAEZRTIE, ETHRIFNIEROAEWL),

TV ZABREZTIE, HRIACSNEZFEHEOHE TEBRBATIICEETYEZEDL R WD, EEMEDE
BECTHEEYELZEDLLABATIZR ), ZORMOLETEEY I ENOEEICLERSTBE %
U="(l1,la,...,1,)(20), 5@ 1EEBIY DEEFYE%E L, MABATIAT I
RDESICEWT D,

EEPEIRFELDOT, HARBATIHNOZEDE. b EOBATIOERD LY BRELLDH, BOFENAHK
POIEFEHE (1.1.2) ICRT DI &dEhHWL, #>T. FLIHTORFNERIT. RATILT T HBREA
TNzkRSEBREIPTFICLZOEEERAT S I ENTE B,

2.1.2. Hawkins-Simon D%

COEREIF BEFCEIMEERRIELTIEND, COZEZ 2HFAADETIVTIRZ D, 2 BFIOE AT,
EEHZHEATI & LT,

ER D, TIREM (AEHOREBE) 2%¥, 22T, F2HFREHOREL2EHICEETCE, EHBRE
KL THRAREANICELTZ2bDET S, E2HFOEREBREEZsC0)ETRE, BE1MOMEES R

1— (a1 +saz1), F2HOMEESIZ L5 5,

MEELAIETHDI EWS T LE, BlY, B2HMEDLICHEEENETHDLEWVWI ZETH B,
1—(ann+saz1) >0k Y, 1—ay; >sa21, $>0,a020&8Y, 1—a;; >0, ThizBo1REENTHAALE
THDHZILITHET B,

FLWTs— (a2 +sa) >0k Y, s(1—axw)>an, UTF MNIEBTHDEILITERELTHEDITART 5,
- a2 = 00DFE,

s(1—ag) >0, 0LVl —ag >0, 1—as >0807c, (1—ai)(l—aw)—agan >0&483%, oh
B2 XREENMIFNANPETH B Z L ICHET S,

P BATIIOEBER>TALHETR L, F1EDOHEL—KT 3,
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- a2 > 0niga,

EUN

E->T

THY, ThzEETZE(1—an)(l —ax)—apzan >0, ZhiZBD 2 REENTFIIRHFETH S Z LICHE
475,

2% Y. B Hawkins-Simon O&HZ#H - WD T L lE, ZNICHEY T 3EMEROD & Tld, BPABOE
HREDLRZBYICHEINIE, MAEELARETHEIEPBERENTWS,

2.1.3. Hawkins-Simon D& & IE&(ERR

X (11D E HFIESNEHEBEE RO ZRLBIRT 52 A TE BH 5, Hawkins-Simon OEHAEMH 3 (5
2 (11D i3, FEOFEFREc 2 0IC LT, FaERT 20%ED) LAETHD LWV T &iE, Hawkins-
Simon OEENTEIZIND L&, HRILSNIZFHEEIETA F R ASHEVWEWVWSI ZEEEET D, E-oT (£
H1=5843) PEREZNICWEEHEELEREE H O,

2.1.4. Hawkins-Simon D54 & ETH DI EEEM

(51 =>5#4) = (Hawkins-Simon &= A1 (1.1.1) 0F#KITHB = (bij)ld. 2 TOESAFEAT
HHETIB-1%EHD) E. [RALIZOEREE] OFBICALONG,

[T ZOERFEER]| X, FEEICHTI2EMEFABORENRETHD L VWITEETH S, BEFNEHER
ELTIE #ER=MELY., FE=>ERNOABOAINEZEL TV, BRIE., FBICLIZRFROKELREZETHS
o, ZOBEICHROMERIRTH 2 EIADFELIRETEILIFTLALEATHS, L LFEIC, FEHIE
EFNTLBRHEICELT. TNABROEACEBONEEDOBEICETIND I L I3ARL. FHICZORENH
EVWSHIE, HEBOEBRICRTZ2HHTH D,

Zo%ED, FE=>BIMOIEBOEIC, Hawkins-Simon O &G %H7-TTHIIFEAETI AL DLW T LN
DBEICHD, TOWMWHESZI7UTENNIE, [TL7 ZROERTE]| OFRIZFEEICS Y TILTH B,

TRV [V ZOEARER] OFRIZEZICTHER->TVWEDT, I T, #T0FaEREEZARE
ICIERAWAEDL S BRMICIZITIZEHL T ICEERT 2 51E% 2 BFET L TRY,

-2 EFATD WL ZDEKRTEE] DI
WRiLENHEEZRDEHKIE. ROLHICEIT B,
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2Ly (i =12) ZEDRATIORD ERALLOT, o THATHY ., FMEETERYE. %Y
AWML TWEHDET D, i, ti(i=12)FRRILS
nNH$BEEXY.
Enlc, w>0)2H@H1IBHYCY0ESE p(i=12) 2B LT [V R0ERFR] EROLS
KB, BB TEHEFEYEL(I=12)3ELT 5,

QNI RADEKRER : 2 &89 ver.

INFROAREFERXELRETH %,
7z L

X (2.1.3) 1X, FE1IEBICHL T, FB1BRATEONIEFVEICHRILIN-FEBERIAH AW L%
BHT 5, T TIEZNZHRIE ES,

R (2.1.4, 2.1.5) I22W Tk, ZNFNORERXOEINRM,. EBHFEEERT, TEIFREHELVELNE LS
ZEld, MEAEBEVWS ZEEEKRTHIEICARS,

+o&H EIRABIATWS (R (2.1.3) Ao EFBEIEET S (R (2.1.4,2.1.5))) DA

#(2.13) 2RET %, 20 &, p,p2 > 07T R (2.1.4,215) %7 pr,p22 B2 L uv, =& (2.1.1,
2.1.2) IIMAEERRERGEHLZITOT, 2> 0843 (2.1.1, 2.1.2) ot b " FEET S, TNEAVLT,
i =pr,ta=p2&BiFIE R (2.1.1), (2.1.2) ITRAT B &

NEoNnd, R (21.3) BLUH(2.1.6) £V, w<1, -T

DHEZHE FEsIEFEETS (R (2.1.4,2.15) o idBERALELTWS (R (2.1.3)) DA

X (2.1.1,21.2) omBICwazA b Dz ZznZ A (2.1.4, 2.1.5) ICRA L. Lw(i=1,2)%HEL TEEY
RN
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& D,

E P2 —low EATAEDHETH B I & ABEETTRT,

« p2 —tow =0&IRE

%X (2.1.7) &V o MAEEMRERELY 1 —a11 >0, fEoTp1 —thiw>0,

X (2.1.8) 1£. as1(p1 —tiw) <0 &% 2, pr—tiw>0D7=%, axn <0THB A, Ihit NIEBTHD
L EFE,

->Tps —tow #0,

Cpa —tow < 0 2R
= (2.1.7, 2.1.8) &,

Y - T

LZAT, MEETREEELY (1 —a1)(l —ax) —a2an >0, ThEZRT3E

&Y FE,

f>T, p2—tow #0 L AhET, p2—tow > 0,

- p1—thw=0 ¢RE
= (2.1.7) I& ERb, EETTpr —tow> 00T, a2 <0 7255 WIEETHDZ
L EFE,

fEoTpr—thw#0,
- p1—thw< 0ERE

MEERAERELY 1 —ar > 0o, (1—an1)(pr —tw) <0, A, iZIEBETHY., p2—tw> 0
DT, . LAaLZhnixxk (2.1.7) IZFE,

oT. m—tw#0E&EH5bET, p1—tiw> 0,

ZZETOEEETP —thiw > 0,p2 —tow > 0 RENT, FiWLWT. di,do [FVWTFNDHIELD T,

ERB, INEERT S L
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EELY Dz, ITNZAWT

O
pi—tiwiE wTEBEp/w—t;thD, INIXEFHELRTHEEDETH D, it> T . LOFTATIL,
THEFEBEN/ TR THEBEZ LEZ I L1E, BIOKE - AIBHORELRETHS Z L HRIFICERAINTWL S,

[TV ZDEARTE] LWt -A) " 2 kBTHhd VST LIE, BEFWNICIIRSEE > B THEHE
THHILEZRAETELDTH B,

2.2. Perron-Frobenius @ FEE
2.2.1. Frobenius &

ETHhtk S s, EREEMTI [ BAZFEDOEFTIA=(ay) e LT, B=1-AtBnie& #
2 (1.1.1) &, HRCEINHEEAHSNBLEEDETILOIBICKROIRKICA->TWVWS, TOIEHBRS
hhid, AR (1.21) 0PI, IRTOIMPIDEHZFFICTHE VI I EH a2,

& 5IZ, Hawkins-Simon O&MGAMAEAERGL L T2 L, TE3 X, BEOEDED p" L WERIAEL
BNIE, MEETRERKENHILZINIEVIILERBEL TV, BB, ZOL3L 0 HPEETINEINT
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