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Charles Babbage
1791-1871
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Yuxvd Ta anoteAéocuarda .... npopAnuari(ouv !

100 -10-10°+20 =
10°+20-10°-10 =
—10+20—10°+10®° =
10°-10°420-10 =



NMPOBAHMATIZOYN!

10°-10-10°+20 = 20
10°+20-10°—-10 = —10
—104+20—10°%+10®° = 0

10°-10°4+20—10 = 10



YoBapég Aotoxieg
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Patriot missile failure, 1991 Explosion of Ariane 5, 1996
{28 deaths because of bad rounding) {500M because of overflow)

= Vancouver stock exchange
... and many others

$5%%% LOSSIN EVALUATING
NUMERICAL RELIABILITY

Sinking of Sleipner, A offshore platform, 1991
(700M because of inaccurate fem approximation)



Meydaheg Epapuoyeég kal YrnohoyioTikoi MNMupriveg (?)

Lattice Gauge (QCD)
quanfum mechanics
weather

CFD

geodesy

inverse problems
structures

circuit simulation
electromagnetics
financial

IR

DS& Image P.
Internet Algorithmics
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* * *

* * * * * *

* *
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1. YPAuuIKA cuaoT.
4. 1d1odlaocndoelg/SVD
7. dkaurreg AE

Mnrpwa (dimdg pdAog):

2. eNdxiora TeTpdywva
5. TaX€ig JETAOXNUATICUOI
8. Mdvre Kapho

KWOIKOMOIOUV YPAUMIKOUG JETACXNUATIOUOUG 1) Nivakeg dedouévwv

3. 4N YPAUMIKA CuaT.
6. TaXeig ENNEINTIKOI EMAUTEG
9. ONOKANPWWATIKOi ETAOX.



ewpia, npdeig kal unoAoyicuoi ye MHTPQA

YroAoyIGTIKOI MUPAVES

TuAUATA KWBIKA MOU JNOPEi va avrioToIXoUV O€ KAMoIa [UaBNUATIKN
npdEn (n.x. Auon cuctuarog ry FFT) otov onoio avaiwvetal ueyAarog
XPOVOG EKTEAEONG OE OXEON e AN TUNHATA TOU KWOIKA.

Ebpnua

Q1 UNOAOYICUOI JE INTPWA €ival UNMOAOYIOTIKOI MUPNVEGS TwV
NEPIOGOTEPWY CNUAVTIKWYV EPAPHIOYWY MOU ArnAiTouV UNOAOYICHUOUG
eupeiag KNLAKOG,.

4

yI" autd n unoAoyIoTIKn FoapuIkh ‘AAyeBPA €xel KaBiepwBei wg To dxnua
yia TNV MAPousiacn TwV TEXVIKWV Tou EY.



Aianiotwon Tou Turing

tion of & process, but the kagical santrol af'the proposed calculatar hus been
designed largely with such cases in veiw, and will have no difficulty on this
score. The problem proposed is one which is well within m scope of the

pe of hand

The solution of simultaneaus linear equations, Ln this problem
we are likely to be fimitod by the storage eapucity of the machine. If the

i w shall need to be able
10 store Lhe whole matrix of caefficicnts and probably slso at least one
subsidiary matrix. Ifwe have 4 storage capacity of 6400 numbers we cannot
expect Lo be able 10 solve equations in more than about 50 unknowns. In
prictice, however, the majority of problems have very degencrate matrices
and we do not need (o store anything like as much. For instance prabien
(2) above cun be transfommed into one requiring the solution of linsar
simuliznous equations if we replace the continwum by a lattice, The
Cosfficients in these equations are very systemutic and mosty zzro. In this
prablem we should be limited not by the storage required for |ho matrix of
cosfficients, but by that required for the solution of for the approximate
solutions.

Prottem o Caloumute (he Fod i (1OR 1x6m he open cnd of s rectangalar
wave-guide. The complete polar diagram for the radiation could be cal-
culated, together with the reflsetion coeflicient for the end of the guide and
interaction coefficients for the various modes; this would be done for sny
given wavelength and gu

e dimensions.

Problem 5 Giiven two matrices of degree less than 30 whose coefficients
are polynomials of degree less than 10, the machine could multiply the
matrices logether, giving a result which s another matrix alo having
pelynomial coeflicionts. This has important upplications in the desiga af
optieal instruments

Frobiem6  Givena complicated and the ch: of
i components, nmu,,.m. 0 e input sgnils could b alrlstc, A
far of be ed

for this purposc, and abo s code for describing canngctions. Thers s w0
noed for the charactcristics 1o be linear.

A. M, TURING'S ACE REPORT OF 1946

AND OTHER PAPERS

cdited by

B. E. Carpenter and R. W. Doran

The MIT Press
Cambridge, Massachusetts
London, England

and

Tomash Publishers
Los Angeles/San Francisco
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Introducing the Intel® Math Kernel Library

scientifc, engineering, and financial software that solves large computational problems. Arong other functionality, Intel KL

& e o el o latest Inel processors, including processors with
5 formation mulple cores (see the Intek® MKL Release Notes for the full st of supported processars). Itel MKL aiso performs well on non-tel processors
= [inrodcing the ntl() Weth Kernel U
= Getting el and Support Intel MKL is thread- g the Ope "
. 2”“’““"“‘ Conventions Intel MKL provides the following major functionality:
© Getng * Ui s, rlmented i APACK (e i) sl 1.2, B, i ok, o e, for
5 Sracars o et i e Software.f you prefer the FORTRAN 90/95 programming language. il LAPACK diiver of
= Avchtecure Supgert arquments A erace o LAPACKis o vaiable
= Highlevel Diretory Strucure « SCALAPACK (SCAlable LAPA theBasi Linear 8L Basic Linear.
= Layered model Concept (FELAS) SaLAPAGKis oalal Il KL for i nd Wi aprtry s
® e kemell o an p = BLAS (evel 1,2, and ) o soving sprse sysems f equations
5 Linking Your Applicaion ih th intsi( . mu o3 pport for sizes not Imitd to powers of 2) Distnibuted versions of these functions are provded for use on clusters,

% Mansging Serformance and Memery.
 Language-specific Usage Options
“

onthe Linux* and Windows* operating
+ et of vetoned anscemdeptl o cated he Vecto it Lirsey (L. Fo ot h ot processors,he i KL VML unclon ofrgeerpfomance thnthe o

1 Wixec-anguage Frogramiming wih T
= Caling LAPACK, BLAS, and CBLA
= Using Complex Types n C/C++
* Calin 8148 unctons hot o

uport for Boost uBLAS Matrx
5 Invoking Intel MKL Functions from

18 Coding Tioe
5 Workng with the Cluster Software

o The stcal Libary (VSL), random number generators for it s, . and summary
St nctons

For details see the Infef® MKL Reference Manual
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Intl® compiers, associated liaries and asociated development ools may include r uifze options that fable in both nel® a
o in ciion. cetan Compleroption for sl compers, e soms bt st Spratc 1 il mero arhocurs ars ssenec o m
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: w:m et e ks gl ynuvcndw Snd thr Tactors, you iy Al ot e paforance on el icroproces
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Notice rision #20110307

Parent topic: Intef® Math Kernel Library for Linux* OS User's Guide
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©epeNwdn npoBAiuara NG YTA
Baoikég npdteig yoauuikng dAyeBpac Aidovial A € RM*M, B c R®*N2,

C € RM*"™, yq unohoyiotei C + AB.

EniAucn ypapuikoU cuotnudrog Aidovial A € R"™" kai b € R". Na
uriohoyiotei x € R 1.0. Ax = b.

Foauuikd ehdxiota Tetpdywva Aidovial A € R™" avd b € R™. Na
unohoyiotei x € R” rou enivder argminy ||b — Ax||z.

ModBANua 1BloTiwy  Aidetal A € R™", Na unoAoyictouv 1a 1dioletyn A € C
kai x € C": Ax = Ax.

Fevikeupévo npdBAnua 1dioTpwy  Aidovral A, B € R™". Na unoAoyiocTolv
A€ C kax € C": Ax = ABx.

Nidonaon 1dialouocwy TpwY Aidetalr A € R™*", Na unoloyiotei Siaywvio
Y € R™N, opBoydvia U € R™™, v e R™M A= ULV,

YuvapTAoelg untpwwy  Aidovial A € R™" kal ouvdptnon f. Na unoloyiorei
10 f(A) A 10 f(A)Byia BE€ R™™ 10 Cf(A)Byia C € R¥",
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To BpaBeio Twv $1.000.000

With Netfflix you can rent as many DVDs as you want and
watch movies instantly on your PC for one low price (...) no
late fees (...) no due dates, and DVD shipping free both
ways. Plans start from only $4.99 (...) With our most popular
plan, you can rent as many DVDs as you want (3 at-a-time)
(...) all for just $17.99 a month +tax. ...

NETFLIX

Welcome!
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To kivntpo Twv $25.000.000.000

THE $25,000,000,000* EIGENVECTOR
THE LINEAR ALGEBRA BEHIND GOOGLE

KURT BRYAN! AND TANYA LEISE!

Abstract. Google's success derives in large part from its PageRank algorithm, which ranks the importance
of webpages according to an eigenvector of a weighted link matrix. Analysis of the PageRank formula provides a
wonderful applied topic for a linear algebra course. Instructors may assign this article as a project to more advanced
students, or spend one or two lectures presenting the material with assigned homework from the exercises. This
material also complements the discussion of Markov chains in matrix algebra. Maple and Mathematica files supporting
this material can be found at www rose-hulman.edu/~bryan.

Key words. linear algebra, PageRank, eigenvector, stochastic matrix

AMS subject classifications., 15-01, 15418, 15A51




2 ANTIKE TECHNIK

SIEBEN VORTRAGE
wor
HERMANN DIELS

- @noaupog Tng EMnvikig TAWooag
(TLG: Thesaurus Lingua Graecae)

* ZuMoy GAwv Twv aMrMKmv Keluévow (80 TT.X —
60 1.X.) Kal TV oXoN v, 1GTOPIOYPAPIKLV Kall
Aegikoypagiktv épywv péxpl To 1453.

+ AvwTwy 12.000 épywv 3.700 cuyypagiwy,
TIEPIoCOTEPES aTTO 75M Aégeig

Mg avrAoUpe TAnpogopieg amé pia BifAcBrikn;
* Mg moiév 1poTro;

= Moo akpiBsig sival ol TAnpogopieg;

+  Mégo ypriyopa;

. Mg povrehoTroloUue TNV mmmomﬂ.



Tunikd Brjuara otnv Avdaktnon NMAnpo@opiag

() npoeToiuacia Kelpévou
— KATAOKEUN "UNTPWoU Opwv-Kelpevwy’ (MOK | tdm)



Tunikd Brjuara otnv Avdaktnon NMAnpo@opiag

() npoeToiuacia Kelpévou

— KATAOKEUN "UNTPWoU Opwv-Kelpevwy’ (MOK | tdm)
) eqpapuoyn akyopiBuou Avdaktnon NMAnpogopiag

— opadonoincn r andvinon 6e epwTNoN



Movtélo AlavuopuartikoU Xwpou (VSM: (Salton’68))

m Keiueva avanapiotovral wg diavuouara he 6poug (CUVApPTNOEIS)
TWV CUXVOTATWV eUPAVIONG TOUG

B YUNOYEG KEINEVWY avVAnapIoTOVTIAl WG "JUNTEWA OPWV-KEINEVWY'
(uok).

® [a Tnv avdkinon nnpogopiag, karackeudloupe 1o didvucua
epwtong g (Yeudo-keiuevo)

B 11OX0G: EUpeon kelyévwv NANCIECTEPWY CTO g.

.
B Metpikn: Twvia yetatu g kai dlavuouarog Keluevou d: m.



Movtélo AlavuopuartikoU Xwpou (VSM: (Salton’68))

m Keiueva avanapiotovral wg diavucuara he 6poug (CUVApPTNOEIS)
TWV CUXVOTATWV eUPAVIONG TOUG

B YUNOYEG KEINEVWY avVAnapIoTOVTIAl WG "UNTEWA OPWV-KEINEVWY'
(uok).

® [a TNV avakinon NANPo@opiag, kKartackeudloupe o dIdvucia
epwtong g (Yeudo-keiuevo)

B 11OX0G: EUpeon kelyévwv NAncIECTEPWY OTO g.

.
B Metpikn: [wvia yetatu g kal dlavuouarog Keluevou d: m.
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S

d; Vector Space Model VSM:
((Salton’68) and beyond)

d, Documents represented as vectors
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A€ R"2 nnz(A) =11



TERM a o
documents 0 1
frequencies 0 1
model 1 0
represented 0 1
salfon 1 0
space 1 0
vector 1 0
vectors 0 1
vsm 1 0
weighted 0 1
word 0 1

A€ R'™?2 nnz(A) =11



TERM ad d
=2 TERM a b
documents 0 1
. document O 1
frequencies 0 1
frequenc 0 1
model 1 0
model 1 0
represented 0 1
salton 1T 0 EPAPHIOVT] repres o 1
pHovn salton 1 0
space 1 0 =
. space 1 0
vector 1 0 stemming
vector 1 1
vectors 0 1
vsm 1 0
vsm 1 0 ot 0 I
wei
weighted 0 1 9
ord 0 : word 0 1
Wi
A€ R'%2 nnz(A) =11

A€ R'™?2 nnz(A) =11



TERM d dy ds
collect 0 O 1
TERM d o document O 1 2
document 0 1 frequenc 0 1 0
frequenc 0 1 matric 0O O 1
model 1 0 model 1 0 O
repres 0 1 , repres 0 1 1
salton 1 0 Ttpoodixn salton 1 0O O
space 1 0 3011:1;1],1. space 1 0 O
vector 1 1 tdm 0 0 1
vsm 1 0 term 0O O 1
weight 0 1 vector 1 1 0
word 0 1 vsm 1 0 O
A€ R'%%2 nnz(A) =11 weight 0O 1 0
word 0 1 0
A€ R nnz(A) =17



MapatnenoeIg

m ‘Eva MOK yia Ae€ikd m SpwvV Kal N KEIWEVWVY NAPICTATAI JE HNTPWO

Ac R™*N,
m H Avdktnon NMAnpo@opiag xpnoluonolei eviankd ta epyaieia TG

Foauuikng ‘AlyeBpag

Eidikd xapakinpioTika Twv MOK

m Meydho péyeBog kal heydin apaidtnra (nepi 1a 90% Twv oToIXEiwV
uNdevikd)
® Mn apvnTikd unTpwa



Mpoocéyyion MnTpwwv

Mop®r YIVOUEVOU UNTPWWY TAENG r
Kd&Be untpwo A € R™" 18gng r < min{m, n} unopei va ekppactei wg
A= BC énou B€ R™', C € R™*". O1 napdyovreg B, C dev eival
povadikoi. O napdyovrag B (C) dev unopei va éxel Aiyodtepec anod r
OMAEG (YPAUMER).

KdBe untpwo A 1dénc r tou onoiou yvwpifouue v
Avayuévwy Moauuwv KAluakwir Mop@r R unopei va yoagrei
WG yIvVOueVo SUO UNTOWwWV M X r ernir X n:

’ A = (r omAec odnywv tou A) X (MOWTEG r YOAUUEG Tou R).




Mapddelyua

Mpiv eidaue om

1 3 0 2 1 3 0 2
A=(0 0 1 4)=R=(0 0 1 4
1 3 1 6 0 0 0 O

eival 1o ATKM Tou A, onédre r = 2 kai o1 ol oTAeg odnyoi eivai oi 1, 3.
Aianiotwvoupe ot

1 3 0 2 1 0
A:OO]4:O](;8?§)
1 3 1 6 11

THMANTIKO: ‘Eva unTpwo HIKPAG TAENG UNOoPEi va YpagTei wg YIVOPEVO UNTPWWY HelwPévng didotaong




MedBANua Mpocéyyiong MnTpwwv

Kivntpo: Ta untpwa eival tepdomna
Y16%0¢G: DBNVEC Npooeyyioelg;
Epyaieio: TMapayovronoinoeig HIKeNg 1aENg: A ~ XWZ

~sof 0 e e e e —_—
4 e e e e J 500
nz = 3000
o N R
6
(] 5
768 nz=25
200
900
1000
200 400 600 Nz =5000

Nz =24508



Aidonaon 1didloucag TIPS (SVD)

©ewpnua

KdBe untpwo A € R™" ynopei va napayoviornoin8ei wg yivéuevo 2
opBoywviwv U, V kal evdg un apvniikoU Siay@viou nTowou X
MNTPWWV :

_ oyl BNy
A_u<0>v,

4rou U'U=In, V'V =1,5% =diag[o,,...,0,] > 0.

And 1o SVD paBaivouue oxeddv 1a NAvia yia To INTPWo



Id16TNTEC

And Tov opIcud
r
_ T
A=Y oy,
j=1

«TNAECKOTIKA»:

A~ AD =gy
A = A(z) = AU) -|-(52U2V2—r = UQZQV;
A~ AL =AY Loy =UXVS

A = A=A 46y =uzv'



Mpooéyyion yeow SVD (Schmidt’07, EckartYoung’36)

©ewpnua

Uka VJ = arg min HA - XH Complex Dasasets

Understanding

rank(X)=k

UE OPAAUA MPOCEYYIONG

A= UV 2 = Ok

) 1/2 E—
A= UZV I = ( Y 0,-2>

j=k-+1



Mn apvnTiKA uNTPWa

©ewpia Perron-Frobenius yia 1o pdoua

©¢€ua: LG ePpAPPOYEGS TA UNTPWA CuxvdA €ival hn apvnTika rj auotnpd
Betikd. Tote dlaBEToUV MOAMEG anPocdOKNTES KAl XPNOIUEG 1IB1OTNTEG,.



Mn apvnTiKA uNTPWa

©ewpia Perron-Frobenius yia 1o pdoua

©¢€ua: LG ePpAPPOYEGS TA UNTPWA CuxvdA €ival hn apvnTika rj auotnpd
Betikd. Tote BIaBETOUV NOANEG ANPOCDOKNTEG KAl XPNOIKEG 110TNTEG,

|
Kd&Be A > 0 € R™" éxel touNdxioTov pia pndevikr IS10TIr.

Anddeitn ‘Eotw A > 0. Téte
m Av 6Aeg ol 1B1oTuéG tav 0

B ... N KAVOVIKA Hop@r Jordan tou X' AX = J Ba eixe undeviki
dlaywvio,

m ... ondre onwodnrnore A” = 0, nou eival aduvaro kabwg A > 0.

O. Perron, In Zur Theorie der Matrizen, Math. Ann. 64 (1907),
248-263.



Meipaua

Mnrpwa pe Tuxaia otoixeia and U(0, 1) (MATLAB rand(n))
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Meipaua
Mnrpwa pe Tuxaia otoixeia and U(0, 1) (MATLAB rand(n))
n=3,5
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Meipaua
Mnrpwa pe Tuxaia otoixeia and U(0, 1) (MATLAB rand(n))
n=3,5,7
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Meipaua
Mnrpwa pe Tuxaia otoixeia and U(0, 1) (MATLAB rand(n))
n=3,5,7,40
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Meipaua
Mnrpwa pe Tuxaia otoixeia and U(0, 1) (MATLAB rand(n))
n=3,5,7,40,100

3

o

| BRI E B



©ewpnua Perron yia Betkd untpwa (Perron’ 1905)

Mepikd anoteAéouara

Av A > 0«kair = p(A) (paouarkr aktiva) 1éte:
r>0
re MA)
H alyeBpikr) moANariéTTa Tou p(A) eivar 1.

Ynapxel 1d10d1dvucpa x > 0 1.0. Ax = rx. AuTo eival To Jovadikd
BeTko 1D1031AvUCa.

To didvucpa Perron p eival 1o povadikéd didvuouad yia TO onoio
Ioxuel oT

Ap=1p,p >0, kai ||p|; =1.

A r eivai n povadikr 1Biomur Tou A pe pérpo |r| = 1.



Mn apvnTiKA uNTPWa
MpdkAnon: Na enekraBouv ol Napandvw IBIOTNTEG O€ N apvNTIKA
MNTOWA



Mn apvnTiKA uNTPWa
MpdkAnon: Na enekraBouv ol Napandvw IBIOTNTEG O€ N apvNTIKA

MNTOWA
Mn npogaveég! Av

101
m r = 0 (napaBaivel Tnv 1n 1&1énta Perron)
B n aAyeBpIkr NoAarAdTnTa eival 2 (napapBaivel Tnv 3n 1didétnta Perron)
m x =[1,0]" eivai To Hovadiké iBiodidvucia yia 1o onoio e x = 1, aAd To
x dev eival BeTikd (NnapaBaivel v 4n 1d1étnTa Perron)

0 1
161€ A(A) = £i dpa undpxouv 2 IBIoTIUEG ioeg Pe 1 oe andAuT TIUA
(napapaivel v 6n 1d1dTa Perron).

Av



H pdxn dev xdBnke

Xwpig neparépw unoBéacelg unopoupe va deifouue ot

AvA>0¢€ R™ kair=p(A) 1é1€ r € A(A) KalI UNAPXET QVTIOTOIXO
1D10d1dvuopua x > 0 1éTolo woTe Ax = IX.

O Frobenius cuveidnrorioinoe o1 1a npoBARuara opeirovrav
Ox1 uévov otnv Unapén UNdSEVIKWY, aAAd otn BEon aurwv
uéoa oro untpwo (G. Frobenius, em Ueber Matrizen aus nicht
negativen Elementen, S.-B. Preuss Acad. Wiss. Berlin (1912),

456-477.)



AvaywynoIua unTewa

Opiopdg

‘Eva uNTpwo A KAAEITal avaywynoilo av UNdpxel JETABETIKO UNTPwo P haTe To PT AP va
€eival Katd NAOKAdeG Avw TPIYWVIKS, DIAPOPETIKA KAAEITAl N avaywynoIHo.

SnA. avv

T _ An A
PTAP = ( 0 Azz)

Av éva untpwo eival un avaywynoiuo, KABe ypauun Kal KABe OTAn Ba éxel TOUAAXIOToV
éva un undevikd oToixeio népav g diaywiou.

A€ R™" >0 eival un avaywyioigo aw (1+A)""! > 0.

Yndpxouv aAyopiBuol KOOTOUG avaywyns MNTPWOU O€ G€ KATA NAOKADEG AVw TRIYWVIKA
pop@n (Tarjan, Baciopéveg oe ypapobwpia pe DFS kéotoug O(n+ nnz)

AvaywynoiuotnTa = avaywyr opIoHEVWY NPoBANUATWY O PIKpdTEPa OANA nepicodTepa.



Enékraon pacuarnkwy IBI0TATWY
(Frobenius’12)

©ewpnua Perron-Frobenius

Av A > 0 Kal Jn avaywynoIuUo 1I0XUoUV Ta NMAapakATw :
r=p(A) € A(A) kai r > 0.
H ahyeBpikr) moANariéTTa Tou p(A) eivar 1.

Yndpxel 1d10didvucua x > 0 1étolo woTe Ax = IX.

To didvucpa Perron eival 1o povadikd iAvucid p Nou IKavorolei
Ap=1p,p >0, kai ||p|; = 1.

Aev undpxouv AAAa un apvnrika iIdiodiavuouara Tou A ektdg and
BeTIKA NoANarAdCIa Tou p.

To p(A) augdver av auEficoupe ornoIodAoTE CTOIXEIO Tou A.



YTOXAOTIKA UNTPWA

Kivntpo: NMoANéG e@apuoyEG odnyouv Ge uNTpwa e GToIxXeia nou eival
niBavotnTeg. Autd eival BeTIKA Kal GTOXAOTIKA (KAt OTAAEG 1 KaTtd
YPOUUEG).

Opoloyia: ‘Eva didvuoua ) untpwo, A > 0, KaAeital oToXaoTIKO KaTtd
YPauHEG otav To ABPOoIcUA TwV OTOIXEIWV KABE ypauuNgG Icoutal ue 1.
Mapadeiyuara: Lroxactkeg diadikacieg, oupeg Markov

Yrneveuuion: Perron-Frobenius Av A € R eival otoxaoTikd 1é1e

P(A) = 1 = Amox OMOU TO Ay AriokaAeiTal pia Perron kai Ikavoriolet
AP = Amax(A)p 6rou p > 0 eival oToxaoTikd.

Epyodiké Bewpnua

Av éva unTpwo €ival Jn avaywynoIuo, OTOXACTIKS KATA GTAEG (SNA
elA=e)ka N HOVAdIKA IBI0TIUA Amax = 1 €ival yeyaAUtepn SAwV Twv
ANV o€ LETPO, TOTE

lim AX = peT
k—soo



Analysis of Networks: Motivation

Importance:

Networks can be used to describe and analyze interactions between various
objects (nodes). Notable examples include applications in:

B sociology

m biology

= World Wide Web
m Communications

Thus...

...analysis of networks (especially of the complex ones) becomes crucial for
scientists and practicioners.

Important characteristics?

Among others: a) Relative importance of a node within the network
(centrality), b) Easiness of “flow”” among the nodes (communicability) c)
special relations among the nodes (i.e. a cluster)



Example of Networks - The WWW

Figure: source by:



www.http://thesituationist.wordpress.com/2008/03/03/social-networks/

Example of Networks - Obesity

Figure: source by http://lev.ccny.cuny.edu/~hmakse/complexnets.html


http://lev.ccny.cuny.edu/~hmakse/complexnets.html
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Computer Networks and ISDN Systems 30 (1998) 07117

The anatomy of a large-scale hypertextual Web search engine !

Sergey Brin?, Lawrence Page **

Computer Scence Deparment.Stanford Universi: Stanord, CA 94305, USA

Abstract

In this paper. we present Google, a prototype of a large-scale search engine which makes heavy use of the stracture
pesat i hpeneet. ooge i dsigned e 1 e e e ficinly ad rdce uch e sl sewch
systems. The pr " atleast 24 millon pages s available

@ googe sanfonedu
To enice  sarh ngine i o chllenin s, Seachangins ndex e 0 hundrds of ilions of Web pges

o et vaach e o W, vy il o et o b o . Eaheer. ot 10
advance in technology and Web proliferaton, creating a Web scarch engine today is very different from three years
ago. This paper provides an in-depth descripton of our large-scale Web scarch engine — the first such detailed publc
description we know of to date.

part from the problems of scaling traditonal search techniques to daa of this magnitude, there are new techricel
challenges involved with using the additional information present in hypertxt to produce better search resuls. This paper

an publish anything they want, © 1998 Published by Elevier Science .. Allihts rserved

Kevwords: World Wide Web: Search engines: Information retieval; PageRank: Google:

1. Introduction Hikely to surf the Web using s lnk graph, often sart-

“The Web creates new challenges for information
retsieval. The amoun of information on the Web is
growing rapidly.as well as the number of new users
inexperienced in the art of Web research. People are  impror

ind cannot cover all esoteric topics. Auto-
mated search engines that rely on keyword maiching
usually retarn 100 many low quality matches. To make
matters worse, some advertisers attempt to gain peo-
ple’s attention by taking measures meant 1o mislead

Comeponding autor

here are o vrsions of his paper —  onger ull erson
and 2 shorter printed verion. The ull verion s available on the
Web and he conference CD-ROM.

Eamai serey. page] Gos sanford ey [rT———
TSIO8I 1995 e by B S B i s
PIIS0169-7552(981001 10,

H Google kal n BaBuoAdynon PageRank

110x0I TNG Google

Kara tov Larry Page n 1€éAeia
unxavr) avalAtnong eival ekeivn
nou ‘karaAapaivel akpIBWG Ti
E€VVOEIG KAl EMICTREPE! AKPIBWGS
autd nou xpeldleoal’.

Baoikoi cuvieAeoTeg: Luvapela -
®peokdnta - NMAnpdTTa -
Taxutnra



Yuvageia - NM\npdtra -

Taxutnta

... HIQ oNUAaVTIKA NpwroTuria
nrav 1o PageRank, évag
AAYOPIBUOG Mou
BaBuoloyei/karardooel kdBe
1oT00€Nida eEetdloviag
nol€g 1IoToceENIBEC deixvouv
O’ Autrv, KaBwg Kal AA\a
dedouéva. H deikrodorei
nepicodrepeg and O(10°)
IOTOCENIOEG EVW O UECOG
XPOVOG YIA JId andvinon
eival nepi ta 0.25sec.



AMY N, LANGYILLE - CARL D. MEYER

H ps’eoﬁ_oc Paggank mne

Kkal dhha ouotrpata katdtaing

H emaufn T pedESi Kauirolng og ppavic awlftnane

ANENITTHRIAKLE LEAOTUE KPHTHE
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THE $25,000,000,000* EIGENVECTOR
THE LINEAR ALGEBRA BEHIND GOOGLE

KURT BRYAN' AND TANYA LEISE

Abstract. CGoogle’s success derives in large part from its PageRank algorithm, which ranks the importance
of webpages according to an eigemvector of a weighted lik matrix. Analysis of the PageRank formula provides a
wonderful applied tapic for a linear algebra. corse. Instructors may assign this article as a project to more ady:
students, or spend one or two lectures presenting the material with assigned homework from the exercises.
‘material also complements the discussion of Markoy chains in matrix algebra. Maple and Mathematica files suppnnmg
this material can be found at www.rose- hulman.edu/~bryan.

Key words. linear algebra, PageRank, eigenvector, stochastic matrix

AMS subject classifications. 15-01, 15418, 15A51



CORNER

Google's PageRank is an eigenvector of a
matrix of order 2.7 billion.

One of the reasons why Googleis such an effective search engine is
the PageRank™ algorithm, develaped by Google’s founders, Larry
Page and Sergey Brin, when they were graduate students at Stanford
University. PageRank is determined entirely by the link structure of
the Web. It is recomputed about ance a month and does not involve
any of the actual content of Web pages or of any individual query.
Then, for any particular query, Google finds the pages on the

‘Web that match that query and lists those pages in the order of
their PageRank.

Imagine surfing the Web, going from page to page by randomly
choosing an outgoing link from one page to get to the next. This can
lead to dead ends at pages with no outgoing links, or cycles around
cliques of interconnected pages. So, a certain fraction of the time,
simply choose a random page from anywhere on the Web. This
theoretical random walk of the Web is a Markov chain or Markov
process. The limiting probability that a dedicated random surfer visits
any particular page is its PageRank. A page has high rank if it has
links to and from other pages with high rank.

Let W be the set of Web pages that can reached by following a chain
of hyperlinks starting from a page at Google and let 1 be the number
B

lowg 0 ueYaAUTEPOG UMOAOYICUOC UE UNTPWA GTOV KOGHO !

CLEVE’S| THE wORLD’S LARGEST

MATRIX COMPUTATION

BY CLEVE MOLER

Tt tells us that the largest eigenvalue of A is equal to one and that the
corresponding eigenvector, which satisfies the equation

x=Ax,

exists and is unique to within a scaling factor. When this scaling
factor is chosen so that

pe

then xis the state vector of the Markov chain. The elements of x are
Google's PageRank.

1

If the matrix were small enough to fit in MATLAB, one way to
compute the eigenvector x would be to start with a good approximate
solution, such as the PageRanks from the previous month, and
simply repeat the assignment statement

X = AX

until successive vectars agree to within specified tolerance. This
is known as the power method and is about the only passible
approach for very large n. 'm not sure how Goagle actually computes
PageRank, but one step of the power method would require one

R TUE T Tt 2 R ] IR TP P




lowg 0 ueYaAUTEPOG UMOAOYICUOC UE UNTPWA GTOV KOGHO !

SIAM REVIEW (©) 2006 Society for Industrial and Applied Mathematics
Vol. 48, No. 3, pp. 569-581

The $25,000,000,000 Eigenvector:
The Linear Algebra behind Google*

Kurt Bryan'
Tanya Leiset

Abstract. Google'’s success derives in large part from its PageRank algorithm, which ranks the im-
portance of web pages according to an eigenvector of a weighted link matrix. Analysis
of the PageRank formula provides a wonderful applied topic for a linear algebra course.
Instructors may assign this article as a project to more advanced students or spend one
or two lectures presenting the material with assigned homework from the exercises. This
material also complements the discussion of Markov chains in matrix algebra. Maple and
Mathematica files supporting this material can be found at www.rose-hulman.edu/~bryan.

Key words. linear algebra, PageRank, eigenvector, stochastic matrix



frodenua — Mntpwo yerrviaong

Mnrtpwo yemviaong A

1, i deixvel TN ceNida j
Ay = .
0, JIaPopPeTKA

300 200 500

nz=2636

Harvard500
1 http://www.harvard.edu
2 http://atwork.harvard.edu
3 http://lib.harvard.edu
500 http://www.hsdm.med.harvard.edu/(...)/implant.htm



Mnrpwo petrdpaong & croxacTikonoinon (Brin & Page)

Mntpowo perdpaong P

Aj

b= | degly Cvoes)#Oénoudeg() =LA @

0, dlapopeTKA (@)

1n Enid1épBwon: Anoguyr NPpoBANUATwY OTIG KATaBOBpeEG.
T T !

S=P 4+wd, w=—-e
n

2n EmidiépBwon: MNa povadikomra npénel va undpxel povadikn péyiom 1diomur = 1. EmAéyouue
oTOXaoTIKS BiAvuopa v > 0, ondre av u € (0, 1) anodekvUetal 6T UNdpXel HOVAdIKS CTOXAOTIKS
Biavupa p > 0 1éroio wote G(u)p = p. Av eniniéov 10 G(u) eivar pun avaywyroiho, Ioxder ot
p>0.

Mapapetrpoinoinuévo unrpwo Google

S(p) = uS+(1—u)ve’




Aidragn PageRank

Epunveia péow Tou epyodikoU BewpruaTog

To G(u) eivar oToxaoTkd KaTtd OTAAEG KAl UNAPXE! HOVO [ia MPAYUATIKA
ISI0TIUN e PETPO 1, enouévwg

. k __ T
Jim &(u)* = pe

To BIAvuopa p eival otoxaoTikd' kal Aéyerar Sidvuopa PageRank. H

kardragn PageRank npokunrel dueca and 1 dIATagn Twv TIWWY Tou
p > 0.

Maparnpnoeig

m Aev eival NpakTikr n€Bodog yia va unoloyicoupue to PageRank

m Av 0 < u < 1 anodeikvietal 61 n 1diomun 1 eival povadikr Kal ce
andAutn TiuA, Kai ot p > 0.

VEivar 3nAadn 1o Sidvuopa Perron Tou G(u).



MPEAKTIKOI XOPAKTNEIOUOI Tou dIavUouaTog KATATa&ng
IoTOCENIDWV

Qg 181031Gvucua:;

10 BiAvuopa PageRank xFR eival to oroxaoTiké Sidvuoua nou Kavorole
N oxéon

xX=GCx

m TO X €ival 10 BeTIKS 15103IAVUCHA MOU QVTICTOIXEI CGTO
A =maxA(G) = 1.

Qg AUoN YPAUUIKOU OUCTAUATOG :

10 didvuoua PageRank xPR kavorolei T oxéon

(I—uS)x=(—p)v, x>0,|x[=1.



EVOANOKTIKOG XAPAKTNEICHOG

Me Tuxaiouc nepinatnTéc?

Mpdkerral yia 1Ideatolg xpnoTnG Mou KAVoUV Tuxdioug nNepInAtous oTiG
IoTooeNiBeg. K&Be nhonyntg, and kdBe cehida, Je mbavointa u
enizéyel IconiBava kdnoiov and Toug eEePXOUEVOUG CUVOEGHOUG Kal
pe mBavdinta 1 — u eniéyel iIconiBava ornolovanrnote AAoV. Av MOANOI
TUXaiol M\oNyNTEG APXICOUV Va «mepnarouv» oTo ypdpnua (Tou
Maykdopiou lotou) 1é1e Petd and éva xpovikd SIAcTNUA, To MANBOG TWV
mAoNyNTWV Nou BpiokeTal oe kABe kOuUBo kaBopilel Kal To BaBud
PageRank k&Be 10ToceNidag.

Mooocoxri: O PageRank eivai éva oroixeio, and 1a noAAd, rou
Xxonoiuoriolei n Google yia va JeTporioel Tn onUAVITIKOTNTA TwV
1oT00€AISWV.

MPOXOXH: Mdvov n Google yvwpilel tnv akpifr} «<cuvrayr»!

Mo MNETUXNUEVOG O APETAPPACTOG P0G random surfers
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Distributing antidote using PageRank vectors

Fan Chung* Paul Horn
University of California, San Diego Emory University

Alexander Tsiatas
University of California, San Diego

Abstract

‘We give an analysis of a variant of the contact process on finite
graphs, allowing for non-uniform cure rates, modeling antidote distri-
bution. We examine an inoculation scheme using PageRank vectors
which quantify the correlations among vertices in the contact graph.
‘We show that for a contact graph on n nodes we can select a set H of
nodes to inoculate such that with probability at least 1 — 2¢, any infec-
tion from any starting infected set of s nodes will die out in clogs +¢’
time, where ¢ and ¢’ depend only on the probabilitstic error bound e
and the infection rate, and the size of H depends only on s, € and the
topology around the initially infected nodes, independent of the size of
the whole graph.
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Start a reading (from p7)

Once upon a time in a country house up on 33 Onestroke road (never foget this, it's important) lived a
girl with freckles and red pigtails whose name was Emma. Emma had one mother, twelve aunts and

one beautiful pink goldfish. One moming that Emma was alone in the house and was feeding the

goldfish suddenly .... ring ring ... the phone rings. Emma stood a little undecisive.

WHAT WOULD YOU LIKE EMMA TO DO?

ANSWER! I 7?ead the sequel on page 55

NOT ANSWER! s Read the sequel on page 101



Emma did not answer so the phone morphed into a pot full of chrysanthema. Suddenly

four firemen with red mustaches and blue watering cans entered from the open windows and
watered the plant. The chrysanthema started growing, so quickly that they soon pierced the ceiling
and were no longer seen as they had already reached the clouds, the sky and beyond.

Emma climbed onto the tallest branch and when she reached cloud nine she started hitch-hiking.
Soon enough a multicolor balloon with a gondola stopped near her. Inside the gondola a

plump cook with rosy cheeks and wearing a white chef cap with blue patches was jumping around.

“Come aboard!” the cook told Emma. Fast! We have no time to lose! [}
Emma hopped in the gondola! “Where are we going?” she asked.

7
WHERE WOULD YOU LIKE THEM TO GO? TO THE BIRTHDAY OF THE
KING OF DOLMANDIA OR TO THE RECEPTION OF THE KING OF YAMMISTAN? 101
Continue on the page whose first digit is found
DOLMANDIA'S KING BIRTHDAY! u» Wheretoendsand the second digit is hidden
inaxis.

Continue on the page whose first two digits are twice
YAMMISTAN'S KING RECEPTION! .o as many as the dwarfs in the tale of Whitesnow and
the third is as many as the eyes of a Cyclop.




To the reception of Yammistan's king. He invited me to cook potato dumplings for his guests.
Shortly afterwards the balloon landed in the king's palace garden. The garden was paved with
bricks, all pink and blue.

—You are late, the king exclaimed! | have invited ten harlequins and | want

you to cook three potato dumplings for each. Beware because if you cook too few,
| will have the sorcerer turn you into geese! And if you cook too many,

he will turn you into slippers!

Emma and the cook ran to the kitchen.

— Please tell me, the cook asked Emma. How many potato dumplings must

we cook so that the kina is happy and the sorcerer leaves us alone?

=1 2 ,{} L 5_l'>f
WHAT SHOULD EMMA RESPOND?

TEN POTATO DUMPLINGS! u# Read the sequel on page 118

THIRTY DUMPLINGS! % Read the sequel on page 103

SEVENTY THOUSAND! ™ Read the sequel on page 114




They prepared thirty potato dumplings to have exactly three for the ten harlequins

to eat. The king was so happy that he requested that the cook marry his daughter, princess
Sophia, and offered Emma one candy apple, one bird, one silver walnut and a flying basket.
Emma got into the basket and flew home where she lived happily thereafter.

THE END

If you wish, you can read the story again from the beginning, this time making different choices.




page55

page67 page38 pagel33 page97 page26

pagell8 pagell4d

and so on...



Interest

Hypertext 3.0

4

HEARETE R Ilii.n'




Interest?

Indeed, arich realm of possibilities
appears to be open. We would like to
explore them, bearing in mind, however,
these words of caution: Of course, what
the reader or rather the user gains in
possibilities, he or she probably loses in
aesthetic pleasure.

Is this freedem something to be hoped
for? Freedom is a great thing in life.
But enjoyment of art, narrative art
more especially, is a field of human
activity where we delight in having
less, not more, choices. It is no
wonder then that hypertext fiction
did not really catch on.... [Doxiadis
A., (2005)]




Interesting for kids
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The French connection

Quenean, Reyuand 1967,
Un conte i votre fagon,
Récréations). Paris: Gal

Oulipo. La littérature potentielle (Créations Re-créations
mard, coll. «Folio[Essais», 1973, pp.273-276.

1. Désirez-vous connaitre Uhistoire des trois alertes peits pois?
a. si oui, pa
. passezd 2
Préfércz-vous celle des trois minces grands échalas?
si oui, passez i
si non, pas
Préférez-vous celle des trois moyens médiocres arbustes?
a. si oui, passezd 17
sinon, WsseznZ!
1y avit ne i s pois vétus de vert qui leur cosse.
d

tpar les et Ton entendait
bl
si vous préférez une autre description, passez i 9
b si celle-ci vous convient, passez 5
1ls ne révaient pas. Ces petits étres en effet ne révent jamais.
a. si vous préférez quils révent, passez & 6
sinon, passez 7
s révaient. Ces petits étres en effet révent toujours et leurs nuits sécrétent des songes
charmants,
v s connir s songes s 1
us ofy tenez pas, vous passez i 7
Leurs peds mignons rmprintdans e haudes chaussetcs e s poraient au it des gants
de velours noir
s vous prétrer s gans dune e coler pascr i §
b. i cette couleur vous convient, pass
s poraintsu m des gants de velours bleu.
i vous préférez des gants dune autre couleur, passez i 7

petits pois qui roulaient leur bosse sur les grands chemins. Le soir
venu, fatigués et las, ils s'endormirent trés rapidement.
us désirez connaitre Ia suite, passez i 5

s saimaicnt en effet tendrement ct, en bons fiers
trumeaus, songeaient toujours semblablement.
i vous désirez connaitre leur réve, passez i 11
. passez 12

1is révaient quiis allaient chercher leur soupe  la cantine populaire et qu'en ouvant leur
gamelle ls découvraient que cétait de la soupe d'ers. Dhorrear, il se réveillaient

si vous voulez savoir pourquoi ils séveillent d'horreur, consultez le Larousse au mot

«ers» et n'en parlons plus

si vous jugez inutile d'approfondir Ia question, passez i 12
Opopoit siécrient-ls en ouvrant s yeux. Opopoi! Quel songe avons-nous enfanté 1!
Mauvais présage, dit le premier. Oui-da, dit e second, cest bien vrai, me voila trste. Ne
vous troublez pas ainsi, dit le roisiéme qui étai le plus futé, il ne sagit pas de s'émouvair,
mais de comprendre.bref je mien vais vous analyser ga

tout de suite I

" 15
b autres, passez a 13

13. Tu nous I baile belle, i e premier Depuis quand sais-fu analyse es songes? Oui,
depuis quand sais-tu analyser les songes? Oui, depuis quand? ajouta le second.
i vous désirez aussi savoir depuis quand, passez i 14
b, si non, passez & 14 tout de méme, car vous ne le saurez pas plus
Depuis auand? s e troficme. Etce u o sais o Le ot et aueje prtique I
chose, Vousaller voir
a si vous voulez vous aussi voir, passez a 15
on, passez également d 15, car vous ne verrez rien.
Eh bien! voyons, dirent ses fréres. Votre ironic ne me plait pas, répliqua I'utre, et vous ne
saurez rien. Diailleurs, au dun ton assez vif,
dhorreur ne sest-il pas estompé? effacé méme? Alors quoi bon remuer le bourbier de voire
inconscient de papilionacées? Allons plutdt nous laver & la fontaine et saluer ce gai matin
dans Ihygiéne et la sainte euphoriel Aussitot dit, aussitot fuit: s voila qui se glissent hors
de leur cosse, se lissent doucement rouler sur le sol et puis au peti tro gagnent
Joyeusement e heuede s abluions
us désirez savoir ce qui se passe sur le thédtre de leurs ablutions, passez i 16
b, si vous ne le désirez pas, vous passez 21
Trois grands échalas les regardaient faire.
i lestrois échalas vous déplaisent, passez i 21
b, sils vous conviennent, passez a 1§
7. Trois moyens medioers rbusts les regardaient e
i lestrois moyens médiocres arbustes vous déplaisent, passez 3 21
b, sills vous conviennent, passcz a 1§
. Sevosatain sy, o alees petis pois i et ot piues st
st vous désie s ce il et et s 1
b si vous ne le désirez pas, v
9.1 courarentbien for pour regpenct Jr o t referman clle-i derer cu,
ndonmietde o
a. si vous désirez connaitre la suite, passez 4 20
i vous ne le désirez pas, vous passez 21
20,11 'y a pas de suite le conte est terminé,
21. Dans ce cas, le conte est également terminé.

, 4 )

5
10 12,13 14

1

;
19020
;

Figure 1 - Graphe du «Conte & votre fagon»




Ergodic Literature (Aarseth)

Definition (Aarseth’97)

During the cybertextual process, the user will have effectuated a semiotic
sequence, and this selective movement is a work of physical construction that
the various concepts of ‘reading" do not account for. This phenomenon | call
ergodic, using a term appropriated from physics that derives from the Greek
words ergon and hodos, meaning "work" and "path."

In ergodic literature, nontrivial effort is required to allow the reader to traverse
the text.



Structure

Storylet

Textual or visual material contained within a single page terminated by
“branch’ or “‘end’’. Storylets can be *‘starting’’, “‘ending’” or
“intermediate’’.

Plot = Links + Storylets

m special case of “'lexias’’ (Barthes’70), substories, etc.

m fusion flavor “*children’s tales meet computer science’”



From IF books to digraphs and matrices

s wat Walliz




Range from quite simple ...
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House of Danger (n = 91.nnz = 90)



... fo more complicated
33 Pink Rubies (n = 211,nnz = 386)

“'‘My daughter and | began this book when she was three
and got bored when she was seven. Incredible imc:gincn‘ion3 ”

Swww.greekbooks.gr/books/pedika/pedika/ta-33-roz-rubinia.product


www.greekbooks.gr/books/pedika/pedika/ta-33-roz-rubinia.product

(I
Maths and Graphs

What can graph and matrix based mathematical
models tell us about ergodic literature?

m How many different readings are there?

m Count/enumerate “'‘walks”’

m What is the length of each reading? Which readings are
shortest/longest?

m Count shortest path, longest “‘walk’’

m Is any storylet repeated in a single reading?

m s the graph a DAG? Find cycles



(I
Maths and Graphs

What can graph and matrix based mathematical
models tell us about ergodic literature?

m How many different readings are there?
m Count/enumerate “'‘walks”’

m What is the length of each reading? Which readings are
shortest/longest?

m Count shortest path, longest “‘walk’’

m Is any storylet repeated in a single reading?
m s the graph a DAG? Find cycles

m Can we rank storylets (... and why?)

m Algebraic graph theory
m Link based ranking
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Why? Maybe improve on the digraph

Without friends How to start the With frisnds
Irves tig ation™ (FT)
Staries with
Ghosts (F13)

How to get inta
the hous=?(P27;

Good or Bad
Ghest? [FS2)

Staries with
Chimps (F1)

With friends. Withaut friend

&

Concept maps, perhaps?
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Counting walks

The Analysis of Sociograms using Matrix Algebra
Leon Festinger
Human Relations 1949; 2; 1563

Wikipedia

Leon Festinger

|
The number of walks of length k from
node i to node j in the graph is the
value of [AX];;.

Born May 8, 1919
New York City
Died February 11, 1989
New York City
Fields Psychology

Knownfor  cognitive dissonance



(I
The SMRank metric for storylets

® Ranking based on the level of storylet participation in all possible
plots.

m Define scheme in which the rank of every storylet is determined by
the number of plots containing it.

Let G = (V,E) be a DAG. For every v; € V with n = |V/| let
T, := #(paths in G containing v;).

Then SMRank : V — R is defined by

T
n
j=1

SMRank(vj) = e
J
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Computing SMRank for DAGs

Assume that G = (V, E) is a DAG with single source v; and f sink nodes,
vi and Vp_f41, ...., V, NUmMbered last, where n = |V/|. Then for any v; € V

f

y=el (I-A) 'gg (I—A)" ( ? )e(f). ©))

Moreover
SMRank(v;) < SMRank(v;).
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SMRank for general graphs

Difficulties
m When cycles are present, there can be infinite walks.
m ... counting becomes pointless.

m In matrix terms, | — A becomes singular.

Issues
m discount “‘redundancies’’
m count judiciously combining paths and cycles

m combinatorially difficult (possibly #P)
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Analogy: Ergodic reader «< Random surfer

reader surfer/crawler
open book turn browser on
goto starting storylet open homepage
choose “‘next’’ storylet click on existing link
reached ending. goto start storylet | reached sought page., click home
reached ending, stop reached sought page, stop
choose any storylet enter URL, click some website
E
.f & ™
-~ »
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Link-based ranking and PageRank

What makes a web page important

® many important pages contain links to it
B a page containing many links has reduced impact on the
importance of the pages it contains links to

Ranking equation: x; = ZP,eB, %)' where x; is rank of node P; and B(i)
the set of incoming links to P;.

The PageRank vector N

=
XPR =[xy, ] T ‘

“expresses’’ the relative :
, PageRank
importance of webpages.
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Anatomy of Google matrices and PageRank vectors

Remarks: PageRank defined for general digraphs ... after some
adjustments Motivation: Existence, uniqueness and ease of
computation

A de- dongle p T s’rochas’rlze

=A" +wd S=PD!

Gu) = us+(1—p)ve'

xR = G(u)x"R where ' xPR =1
R o= (1—p)(1—ps)" v
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Remarks

When p(uS) < 1 can expand in Neumann series:

(1—uS)™" = I1+uS+uP8°+--

M acts as attenuation factor damping higher order
terms.
m Predecessor ranking by Kaiz (1953) to rank status of individuals.

m Essentially same as PageRank when all nodes have equal
outdegree.

m Brin&Page used it o make the power method convergent.
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Problem specific observations

Natural irreducibility

m Inclusion of link from every ending storylet to the starting storylet
makes them strongly connected and the mairix irreducible.

m Existence of eigenvalue p(u) = 1 and positive eigenvector
(Perron-Frobenius theory)

Alternative role for damping parameter

m Matrices of moderate size so no need o use the power method
that stalls when matrix is imprimitive. Perron eigenvector can be
computed directly.

m Choosing u € (0, 1) permits the random surfer interpretation of
PageRank (Brin,Page)

m Parameter chosen to discount the contribution of longer readings.
® Random surfer analogy with ergodic reader.
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The CHILDIF collection
12 books, 1500 pages

Choose Your Own Adventure (CYOA corp.) >200 (6)
1979-1998, www.cyoa.com/

Innerstar University (American Girl) 9@
2010-today, http://web.innerstaru.com/
Multiclone Tales (Kalendis pub.) 22

1997-2003, http://www.kalendis.gr/



www.cyoa.com/
http://web.innerstaru.com/
http://www.kalendis.gr/

[
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title ‘ name n nnz
Choose Your Own Adventure
Abominable Snowman | CYOA_AS 91 93
Journey Under the Sea | CYOA_JU 101 109
Space and Beyond CYOA_SB 115 119
Lost Jewels of Nabooti | CYOA_LJ 110 114
Mystery of the Maya CYOA_MM 113 116
House of Danger CYOA_HD 91 %0)
Innerstar University
Girl’s Best Friend INUN.GB 110 116
Taking the Reins INUN_TR 103 107
Into the Spotlight INUN_IS 112 115
Fork in the Trail INUN_FT 110 122
Muilticlone Tales
88 Dolmadakia MUTA_ED 154 265
33 Pink Rubies MUTA_TP 211 386




[
[

Statistics
for DAG books
title storylets ends plots lengths
(min, max, avg)
CYOA_AS 91 (+25) 28 36 (7.20.11.8)
CYOA_MM | 113 (+18) 39 106 (8.30.,19.7)
CYOA_HD 91 (+17) 20 20 (9.19.14.4)
INUN_GB | 110 (+11) 24 68 (8.24,17.5)
INUN_TR | 103 (+19) 24 37 (10,25.16.3)
INUN_IS | 11211 24 40 (7.27,17.8)
INUN_FT | 110 +1D) 23 511 (7.34.25.9)
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Statistics
for non-DAG books

title storylets links ends plots
CYOA_JU | 101 (+16) 109 42 (>202)
CYOA_SB | 116 (+16) 119 43 (>98)
CYOA_LJ | 110 (+21) 114 38 92
MUTA_ED 154 265 41 (>1349)
MUTA_TR 211 386 B3 (>220431)
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Software tools

C | © wwwmathworksc

m MATLAB 4\ MathWorks' | -

GraphViz

m MatlabBGL by D. Gleich

MATLAB - GraphViz interface

nnnnnnnnnnn

®m graph_to_dot.m by L. Peshkin for GraphViz e st
m Brain Connectivity Toolbox (findpaths.m) by O. Sporns
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House of Danger (CYOA_HD, n=91,nnz = 90)

<'§j>
(ﬁiff) DimRedct
<> merge node sequences info supernodes
B }{7 with sole branch node at end node of
I <"3% each sequence =
=D =
S
y, C,zf) CI dlick to LOOK INSIDE!
G G (I C IS
Lo do o HOUSE
DAR

L3 € 3D GO GO G2
I Y W i '

TR
T D D P & i it ik
GO IO ED G5 G Cj}(TD e
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CYOA_HD after dimensionality reduction

G () e () G Ca G
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spys at the House of Danger

House of Danger Adjacency Matrix House of Danger Normalized Adjacency Matrix

e,

0 20 40 60 80 100 0 20 40 60 80
nz=90 nz =110

(a) Original (b) de-dangled
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Concept Map for CYOA_HD

Represents main narrative axes around which most plots revolve as
discovered by “‘independent readers’*. CM’s provide a view of the

book’s ***high-level structure”.

Withaut friends

Stories with Stories with
Chimps (F1) Ghosts (F13)

How to get into
he house (F27;
Without friend

Good or Bad
Ghost7[FS2)

With friends.

wes

Is there any relation between the CM and the rankings?



(I
SMrank top scores (v = %e)

SMRank PR(0.85) PR(] .0)
rank node | rank node | rank node
0.0652 | 7 0.0973 | 1 0.0711 | 1

6 0.0844 | 2 2

1 0.0734 | 6 6

2 0.0640 | 7 7
0.0289 | 4 0.0356 | 4

0.0404 | 4 13 13
9 0.0262 | 26 9

9 27

0.0248 | 13 0.0239 | 27 26
26 0.0128 | 3 0.0178 | 3

27 29 28
0.0217 | 3 0.0125 | 10 29
10 18 87

63 0.0118 | 15 91

29 87 92
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Results on the digraph

(55 G G () G Com> G i
s=lolo o loNo RolololoNolo
@ G S o> G @ OO
GHHA® EFHE @ @
olololoXolo
O®
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Concept Map for CYOA_HD

Without friends With friends

ow to start the
Investigation? (P7)

Stories with Storles wi
Chimps (P4) Ghasts (P13)

Chimps are evil oF
for cover? (PS) How to getinto

the house? (P27)

Cover With friends Without friends

Whatto do? (P63) Gotothe

Past? (P28)

Goad or Bad
Ghost? (Ps2)

uperpowers? (P58
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Comparing SMRank with PageRank

House of Danger House of Danger
01
PR(0.85)
0.09 PR(1)
PR(0)
o.0af] ——PR(OS)
PR(0.1)
007 —— SMRank
006
£ 005 £
H &
004
003
002
001

100
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Conclusions
What can graph and matrix based mathematical models tell us
about ergodic literature?

matrix and graph theoretic techniques have the
potential to extract latent information from ergodic
literature -- hard to obtain by simply reading or graph
browsing.

m Created data collection cHILDIF for general use. This motivates the
use of graph and Web based metrics for ranking storylets and
some other tasks.

Several metrics expressed and computed with matrix operations.
SMrank provides guidance but cannot be used with cycles

Random surfer provides a ueful model for reader behavior.

Link-based ranking like PageRank detects “'important’” plot
decisions.
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Epyaociec ané ACM Hypertext 2012 kat ACM Hypertext 2013

Graph and Matrix Metrics to Analyze Ergodic Literature for

Children
Eugenia-Mariq Kontopoulou Maria Predari Thymios Kostakis
EID, University of Patras CEID, University of Patras SEOKO
Rio, Greece Rio, Greece 28, A. Papandreou st.
kontopoulo @ceid.upatras.gr predari@ceid.upatras.gr Halandri, Athens, Greece

kostakth @ gmail.com

Efstratios Gallopoulos
CEID, University of Patras
Rio, Greece
stratis@ceid.upatras.gr

Onomatology and content analysis of ergodic literature

Eugenia-Maria Kontopoulou Maria Predari Efstratios Gallopoulos
CEID, University of Patras CEID, University of Patras CEID, University of Patras

Rio, Greece Rio, Greece Rio, Greece
i it i@cei 't stratisQceid.upatras.gr



http://www.sigweb.org/resources/sigweb-awards/43-ted-nelson
http://dl.acm.org/citation.cfm?id=2462221
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2nueilwpa lotopkov Ekdoocewv Epyou

To mapov €pyo amnotelei T €kdoon 1.0.



Ynuelwpo Avadopac

Copyright NavemnotAuto Motpwy, Evotpdrtiog MaAAomoulog «Melétn
Mepumtwoewv otn AfPn Anodpacewv: And Toug Meydhoug YIoAoylopoug atn
Noyoteyvia pe Aoylopud Mntpwwv». Ekdoon: 1.0. Ndtpa 2015. Atabéotpo anod
™ Siktuakn StevBuvon:

https://eclass.upatras.gr/courses/MATH959/



2nuelwpa Adelodotnonc

To mapdv LALKO SlatiBetal pe Toug 0poug TnG adelag xpriong Creative Commons
Avadopd, Mn Epmoptkr) Xprion, Oxt Mopdywya Epya 4.0 [1] A petayevéotepn,
Alebvng Ekdoan. E€atpolvtal Ta autoteAn €pya Tpitwy m.X. dwtoypadieg,
Slaypapparta K.AT., TA Onolo EUMEPLEXOVTAL O€ QUTO Kat Ta omoia avadépovral
padi pe Toug OPOUC XPrioNG TOUC 0TOo «Inueiwua Xpriong Epywv Tpltwv».

ooce

[1] http://creativecommons.org/licenses/by-nc-nd/4.0/

Q¢ Mn Epmoptkn opiletal n xprion:

¢ 1ou Sev mepAaUPBAVEL AUECO 1 EUUECO OLKOVOULKO OPENOG QIO TNV XPrion ToU €pyou, yla
10 SLavopéa Tou €pyou Kat adelodoxo

¢ mou Sev meplhapPavel olkovouLkr cuvaAlayr wg mpolnobeon yla tn xperion fi pooBaon
oTo £pyo

* mou ev pooTopilel 0To SLavopéa Tou £pyou Kot aSeL08OX0 ELLUETO OLKOVOLLKO OdENOG
(r.x. Sradnuioetg) arnd tnv mpoPfolr tou €pyou oe SLOSIKTUOKO TOTIO

0 SwaoUxog urnopet va mapéxel otov adelodoyo EexwpLotr Adela va XpnOLULOTOLEL TO £pYO YL
EUTOPLKI XPrion, edooov autd Tou InTnOel.



Ynuetwpa Xprnong Epywv Tpltwv

To Epyo auTto KAveL Xprion Twv akOAouBwv Epywv:
Aaddvela 5: Charles Babbage 1791-1871
http://www.don-lindsay-archive.org/talk/babbage.html
Awaddvela 5: Ada Byron Lovelace 1815- 1852

https://en.wikipedia.org/wiki/Ada_Lovelace
Alodavela 6: Analytical engine
https://en.wikipedia.org/wiki/Analytical_Engine#/media/File:Analytical_Engine_(2290032530).jpg

Aaddvela 10: Patriot misile failure, 1991

https://www.ima.umn.edu/~arnold/disasters/patriot.html

Awadavera 10: Explosion of Ariane 5, 1996

https://www.ima.umn.edu/~arnold/disasters/ariane.html



Ynuetwpa Xprnong Epywv Tpltwv

To Epyo auTto KAveL Xprion Twv akOAouBwv Epywv:
Aladavera 10: Sinking of Sleipner A offshore platform, 1991
http://www.ima.umn.edu/~arnold/disasters/sleipner.ntml

Aladavela 17: Competing on analytics
http://www.amazon.com/Competing-Analytics-The-Science-Winning/dp/1422103323

Aladavera 18: Netflix Prize
http://www.weigend.com/files/teaching/stanford/2008/stanford2008.wikispaces.com/6.html
Aoddvela 19: Netflix Prize

http://www.netflixprize.com/

Awadadvela 21: Diels 1848- 1922

http://www.ulb.ac.be/assoc/aip/diels_150dpi.jpeg



Ynuetwpa Xprnong Epywv Tpltwv

To Epyo auTto KAveL Xprion Twv akOAouBwv Epywv:
Aladavera 21: Antike technik
http://www.weiss-leipzig.de/teubner-hall-of-fame-1845-bis-2000.htm

Aladavela 21: Onoaupog tng eMnvikig yl\wooag (TLG)

http://www.tlg.uci.edu/images/TLGdisk.jpg

Aladavela 37: Undestanding complex data sets

https://www.crcpress.com/Understanding-Complex-Datasets-Data-Mining-with-Matrix-
Decompositions/Skillicorn/9781584888321

Aadavera 53: Examples of networks- The WWW

http://lev.ccny.cuny.edu/~hmakse/complexnets.html

Aadavera 54: Examples of networks- Obesity

https://thesituationist.wordpress.com/2008/03/03/social-networks/



Ynuetwpa Xprnong Epywv Tpltwv

To Epyo auTto KAveL Xprion Twv akOAouBwv Epywv:

Aaddvera 55: L. Page, S. Brin
http://mooglemb.com/threads/googlecache/64.233.187.104/corporate/execs.html
Awddvera 55: The Earth Simulator Center

https://arctelix.wordpress.com/about/earth-simulator-center/

Alodavela 57, 92: PageRank
https://en.wikipedia.org/wiki/PageRank

Awadavera 58: H uéBodog PageRank tng Google kat GAAa ouotipata katdragng

http://www.cup.gr/Previews/978-960-524-313-5-Preview.pdf
Awadavela 69, 77: The 88 dolmadakia
http://www.goodreads.com/book/show/15938307-88



Ynuetwpa Xprnong Epywv Tpltwv

To Epyo auTto KAveL Xprion Twv akOAouBwv Epywv:
Aaddvela 75-76: Hopscotch
http://www.goodreads.com/book/show/53413.Hopscotch
Awaddvela 75-76: Afternoon, a story

http://www.eastgate.com/catalog/Afternoon.html

Mwaddvela 75: Hypertext 3.0
http://www.amazon.com/Hypertext-3-0-Critical-Globalization-Re-visions/dp/0801882575
Awadavela 75-76: A heartbreaking work of staggering genius

https://en.wikipedia.org/wiki/A_Heartbreaking_Work_of_Staggering_Genius

Awadadvela 75-76: Napddpov kpéag

http://www.kapsimi.gr/parafron-kreas



Ynuetwpa Xprnong Epywv Tpltwv

To Epyo auTto KAveL Xprion Twv akOAouBwv Epywv:

Aladavela 77: Ta 33 pol pouprivia

https://www.ianos.gr/ta-33-roz-roumpinia-0022858.html
Awddvera 77: Sugarcane Island
https://en.wikipedia.org/wiki/Edward_Packard

Maddvela 77: A Girl's Best Friend
http://americangirl.wikia.com/wiki/A_Girl%27s_Best_Friend

Awddvela 77: Space and Beyond

http://www.amazon.com/Space-Beyond-Choose-Your-Adventure/dp/1933390034

Awadadvela 77, 101: House of Danger

http://www.amazon.com/House-Danger-Choose-Your-Adventure/dp/1933390069



Ynuetwpa Xprnong Epywv Tpltwv

To Epyo auTto KAveL Xprion Twv akOAouBwv Epywv:
Aadavela 77: Fork in the Trail
http://americangirl.wikia.com/wiki/Fork_in_the_Trail

Awaddvela 77: Mystery of the Maya

http://www.gamebooks.org/show_item.php?id=555
Alodavela 79: Aarseth

http://forskning.no/spill-media-internett-medievitenskap-samfunnsokonomi-sosiologi-stub-
data/2008/02/dataspill-viser

Aaddvera 79: Cybertext
https://books.google.gr/books/about/Cybertext.html?id=gx_-zj0-TwoC&redir_esc=y
Aaddvera 81: Raymont Queneau

http://www.nndb.com/people/769/000113430/



2nuelwpa Xpnong Epywv Tpitwv

To Epyo auTto KAveL Xprion Twv akOAouBwv Epywv:

Awadavewa 87: Leon Festinger

https://en.wikipedia.org/wiki/Leon_Festinger#/



Alatpnon ZNUELWUATWY

Onoladnmnote avamoapaywyn f SLackeun Tou VALKOU Ba Tipémel
va cupmnepthappavet:

= 10 Inueiwypa Avadopdg
= 10 Inueiwpa Adeloddtnong
= N 6nAwon AlaTpnong ZNUELWHATWY

= 10 Inueiwua Xpriong Epywv Tpitwv (epdoov umdpxel)
padl e Toug oUVOSEUOUEVOUG UTIEPOUVOETHOUC.
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