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Random Recursive Tree cayey (1857),Polya (1937), Oteer (1948)
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Random Recursive Tree cayley (1857). polya (1937), Oreer (1948)

@

irsa: 09110116 Page 21/119



Random Recursive Tree cayley (1857).polya (1937), Orter (1948)
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Random Recursive Tree cayley (1857).polya (1937), Oreer (1948)

|. Introduce nodes one at a time
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Random Recursive Tree cayley (1857). polya (1937), Oreer (1948)

|. Introduce nodes one at a time
2. Attach to one earlier node randomly and uniformly
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Random Recursive Tree cayley (1857).polya (1937), Oeer (1948)

O 6 =0

|. Introduce nodes one at a time
2. Attach to one earlier node randomly and uniformly
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Random Recursive Tree c:.,de,ussy).potya“ey).yﬁar’

|. Introduce nodes one at a time
2. Attach to one earlier node randomly and uniformly
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Random Recursive Tree cayey (1857).Polya (1937), Oteer (1948)

|. Introduce nodes one at a time
2. Attach to one earlier node randomly and uniformly

Basic observable: N, , the degree distribution
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Random Recursive Tree cayey (1857).Polya (1937), Oteer (1948)
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Random Recursive Tree cayley (1857).Polya (1937), Otter (1948)

|. Introduce nodes one at a time
2. Attach to one earlier node randomly and uniformly
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The Degree Distribution

Master dN, _ Npg—1—Ng
Equation  d\) 7 N \

- Ok 1

“time” / gain of nodes f loss of nodes intput of nodes
ible y  Of degreek  convertrate of degree k of degree |
bl to probability

solving one by one:
1 N N
NO: N’ Nl = 5 N2: a T

ansatz: N >~ Nnj; gives
Nk = Ng—1 — Nk + 0k 1

solution: ng = 2F
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Matthew Principle

Matthew 25:29: ‘For unto every one that
hath shall be given, and he shall have
abundance: but from him that hath not shall
be taken away even that which he hath.’
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Matthew Principle
The Rich Get Richer

Matthew 25:29: *For unto every one that
hath shall be given, and he shall have
abundance: but from him that hath not shall
be taken away even that which he hath.’
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Matthew Principle
The Rich Get Richer

Matthew 25:29: ‘For unto every one that
hath shall be given, and he shall have
abundance: but from him that hath not shall
be taken away even that which he hath.’

Degree Preferential
Attachment Rate A : Ak: ~ k7
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Preferential Attachment Networks
Barabasi & Albert (1998); also Yule (1925), Simon (1955)
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Preferential Attachment Networks
Barabasi & Albert (1998); also Yule (1925), Simon (1955)

Krapivsky et al. (2000),

Master Equation Approach: Deregorer ecal G000
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Preferential Attachment Networks
Barabasi & Albert (1998); also Yule (1925), Simon (1955)

Krapivsky et al. (2000),

Master Equation Approach: Derogorserecal G000

Master Equation:

attach to node of  attach to node  create node
degree k-1 of degree k of degree |
de Ak‘.—lNk—l A;t.iz\/k

= r == + 0k 1 A = total rate

irsa: 09110116 Page 43/119



Preferential Attachment Networks
Barabasi & Albert (1998); also Yule (1925), Simon (1955)

Master Equation Approach:

Master Equation:

attach to node of attach to node create node
degree k-1 of degree k of degree |
CZNL Ak . ]. NA — 1 AA j\rk | (SL
—_— —_— I > : l
dN A A

Degree Preferential o Y
Attachment Rate: Ap ~ k
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Krapivsky et al. (2000),
Dorogovtsev et al. (2000),
Krapivsky & SR (2001)

A = total rate
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Preferential Attachment Networks
Barabasi & Albert (1998); also Yule (1925), Simon (1955)

Krapivsky et al. (2000),

Master Equation Approach: pereeewsey ecal 2000

Master Equation:

attach to node of  attach to node  create node
degree k-1 of degree k of degree |
de Ak—lNk—l A;{j\k

AN I A b A -+ Ok, A = total rate

Degree Preferential o Y
Attachment Rate: ~ “1k ~ K

Total Rate:  A=A(N)=) A;N; =) j'N;= M,(N)
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Preferential Attachment Networks
Barabasi & Albert (1998); also Yule (1925), Simon (1955)

Krapivsky et al. (2000),

Master Equation Approach: Deregorser ecal G000

Master Equation:

attach to node of  attach tonode  create node
degree k-1 of degree k of degree |
de Ak‘—lNk—l A;cj\;‘.

— - O A = total rate
N 1 y k.1 total rate

Degree Preferential o Y
Attachment Rate: A ~ k

Total Rate: A = A(N) = Z A;N; = ZJ'YN = M. (N)
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Moment equations:
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Moment equations:

J J
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Moment equations:

j j

J

These suggest: A(N) = Z JPN; xpu(y)N for0<vy<1
7

Ne(N) = N m
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Moment equations:

J J

These suggest: A(N) = Z jJPN; xpu(y)N for0<~vy<1
]

J\'g ( N ) = Nn k
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Moment equations:
J J

These suggest: A(N) = Z J7N; x p(y)N for0<y<1
J

Ni(N) = N ny

Converts rate eqns. to linear recursions

dNi,  Ar_1Ne1 AuNp
CARE e 10k 1
dN A A

14;,._1??;‘._1 - 44;‘.7?;‘. .
= Np = + Ok.1
1
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Moment equations:

J

These suggest: A(N) = Z JYN; x pu(y)N for0<y<1

Converts rate eqns. to linear recursions

dNp  Ap—1Ng—1  AgNp |
= — +0k,1
dN A A

;4;‘-_1?? k.l — 44;‘- TLy. .
= N = + Ok.1
I
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Formal Solution
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Formal Solution

" " k -1
/! ) - ”.r -
— - Ok 1 —'m]———” l+—

j ;:
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Moment equations:

j j

J

These suggest: A(N) = Z J7N; x p(y)N for0<y<1
J

Ni(N) = N ny
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Formal Solution

| | / - 3y E
Ap 1Mk —1 AT} . l 1
i __ T YK , | (T ]
/I 1.4}\7 3 1 ,‘4!\
J=

- i k —1
determination of y = Z Apng: — 1= Z H (l b /!l_t)
Iy L‘

x . — LY .
numerical solution for Ay = k7 o oy
2 A

- In
C=4% d 2.407 ...

et 3+ 1)1 +2)

1.8

1.6

— 3
1.4
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Formal Solution: n; = £ H (J T ‘}“)
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Formal Solution: 7, = - I | (1 4 ! )

Asymptotics for A, ~ k7

LY g—lnk* =" [{1—)] 0<~y<1

Nk ~
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-
Formal Solution: n; = A H (1 T “)

Asymptotics for A, ~ k7

k=7 e—[pk’ =7 /(1—)] it |

nip. ~~
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~]
Formal Solution: 7, = - H (1 > !‘—I)

Asymptotics for A, ~ k7

k= =k’ =7 /(1—7)] 0<~<1

“bible” y > 2
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Creating a “Bible”
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Creating a “Bible”
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Creating a “Bible”

with N+1 total nodes: attach new V'

V node to bible with probability N N7
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Creating a “Bible”

bible o |
sechabitity: 7 = 11
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\

with N+1 total nodes: attach new V'

CV node to bible with probability N N7

Zero y < 2
non-zero -y > 2
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