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RNA folding

biological(ly inspired) physics: secondary 
structure of RNA strand

one-dimensional disordered system with 
long range interactions (pairing) & frustration 
(topology: planar or almost-planar structure) 

freezing transition, glass-like phase with non-
trivial ground-state(s)
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(borrowed from Scott K. Silverman  scott@scs.uiuc.edu)

RNA  primary, secondary and tertiary structure
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2.2. L’ARN décrit au niveau de sa structure secondaire 25

FIG. 2.2 – à gauche : pseudonœud de type “kissing hairpins”. À droite : structure avec un

vrai nœud qui est cinétiquement inaccessible.

FIG. 2.3 – Appariements avec trois hélices sans contraintes topologiques (à gauche) et

en l’absence de pseudonœuds (à droite). L’encombrement spatial d’un appariement sans

contraintes est typiquement bien plus grand que celui d’une structure planaire.

se trouve plus à droite donne lieu à un pas en haut, tandis qu’une base appariée vers la

gauche diminue la hauteur d’un pas. Une base non appariée la laisse invariante. Il est fa-

cile de vérifier qu’il y a une correspondance biunivoque entre diagrammes en arc-en-ciel

et reliefs de montagne dont les deux bouts sont fixés à hauteur zéro.

L’auto-évitement et la contrainte des pseudonœuds

Dans la suite, nous négligerons donc les pseudonœuds en nous restreignant à des appa-

riements planaires. Cette contrainte empêche les sous-parties de différentes branches de la

structure secondaire d’interagir en formant des hélices. En comparant les structures secon-

daires planaires avec les structures secondaires sans contraintes topologiques (contenant

des pseudonœuds), nous nous apercevons que les dernières structures seront très denses

et encombrées une fois qu’elles sont réalisées dans l’espace réel. Cette tendance est beau-

coup plus petite quand l’absence de pseudonœuds est imposée, comme nous illustrons

dans la figure 2.3. Dans la mesure où cette contrainte topologique interdit les interactions

no knot no pseudo-knot

Not so poor approximation
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L’auto-évitement et la contrainte des pseudonœuds

Dans la suite, nous négligerons donc les pseudonœuds en nous restreignant à des appa-

riements planaires. Cette contrainte empêche les sous-parties de différentes branches de la

structure secondaire d’interagir en formant des hélices. En comparant les structures secon-

daires planaires avec les structures secondaires sans contraintes topologiques (contenant

des pseudonœuds), nous nous apercevons que les dernières structures seront très denses

et encombrées une fois qu’elles sont réalisées dans l’espace réel. Cette tendance est beau-

coup plus petite quand l’absence de pseudonœuds est imposée, comme nous illustrons

dans la figure 2.3. Dans la mesure où cette contrainte topologique interdit les interactions

non-planar planar = tree

only planar configurations
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The random bond RNA folding model 

1)  Start from a strand made of L monomers

 
2)  Fold it in a planar way (neither knots nor pseudo-knots)

3) Assign to each configuration an energy sum of an energy for each bond

4) Take the bond energies to be independent Gaussian quenched random 
variables 

e(i, j)e(k, l) = σ δikδjl

E =
∑

pairs (ij)

e(i, j) −
∑

free i

f
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Pairings = Trees = Arch systems = Dyck-like paths
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h(s)

0 s L

Pairings = Trees = Arch systems = Dyck-like paths

pairing probabilities Φ(i, j) ∝ |i− j|−ρ
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h(s)

0 s L

Pairings = Trees = Arch systems = Dyck-like paths

pairing probabilities Φ(i, j) ∝ |i− j|−ρ

fractal dimension of the tree df =
1
ζ

height function h(i) ∝ iζ ρ + ζ = 2
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Greedy algorithm*
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A single-minded step-by-step strategy to find a 
(hopefully not too bad) approximation of the ground 
state
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A single-minded step-by-step strategy to find a 
(hopefully not too bad) approximation of the ground 
state

Chose as first pairing the pairing with lowest energy 

Chose as second pairing the planar pairing left with the 
lowest energy

Iterate until we cannot add any pairing

Since the pair energies are independent, this amounts 
to build an arch system by successive random 
deposition of arches

* already considered in Markus Müller’s thesis (2002)

Greedy algorithm*
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Random planar arch deposition
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Random planar arch deposition

Relation to fragmentation models?
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Recursion relations
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Recursion relations

for configuration probabilities of arch structures

11



Recursion relations

for configuration probabilities of arch structures
C
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C
2

C
2

C
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P (C) =
∑

first arch
a∈C
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Recursion relations

for configuration probabilities of arch structures

for heights = number of arches above a point

n(n− 1)
2

h(i, n) =
∑

i<j<k<n

h(i, n− k + j − 1) +
∑

0<j<k≤i

h(i− k + j − 1, n− k + j − 1)

+
∑

0<j≤i<k<n

[h(j − 1, n− k + j − 1) + h(i− j, k − j − 1) + 1]

C
1

C
2

C
2

C
1

a

P (C) =
∑

first arch
a∈C

∑

substructures
C1 & C2

2
n(n− 1)

P (C1) P (C2)
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PDE for generating functions

G(u, v; z) =
∞∑

n=0

n∑

i=0

〈
ez hC(i,n)

〉
uivn−i

[
1
2

(
u2 ∂2

∂u2
+ v2 ∂2

∂v2

)
+ uv

∂2

∂u∂v

]
G(u, v; z)

=
[

u2

(1− u)

(
u

∂

∂u
+ 1

)
+

v2

(1− v)

(
v

∂

∂v
+ 1

)]
G(u, v; z) + uv ez G(u, v; z)2
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∞∑

n=0

n∑

i=0

〈
ez hC(i,n)

〉
uivn−i

[
1
2

(
u2 ∂2

∂u2
+ v2 ∂2

∂v2

)
+ uv

∂2

∂u∂v

]
G(u, v; z)

=
[

u2

(1− u)

(
u

∂

∂u
+ 1

)
+

v2

(1− v)

(
v

∂

∂v
+ 1

)]
G(u, v; z) + uv ez G(u, v; z)2

K(t) =
∂

∂z
G(t, t, z)

∣∣∣∣
z=0

=
∑

n

tn
n∑

i=0

〈h(i, n)〉

for the average mean height

(1− t)2K ′′(t)− 2t(1− t)K ′(t)− 4(2− t)K(t) =
2

(1− t)2
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PDE for generating functions

G(u, v; z) =
∞∑

n=0

n∑

i=0

〈
ez hC(i,n)

〉
uivn−i

[
1
2

(
u2 ∂2

∂u2
+ v2 ∂2

∂v2

)
+ uv

∂2

∂u∂v

]
G(u, v; z)

=
[

u2

(1− u)

(
u

∂

∂u
+ 1

)
+

v2

(1− v)

(
v

∂

∂v
+ 1

)]
G(u, v; z) + uv ez G(u, v; z)2

K(t) =
∂

∂z
G(t, t, z)

∣∣∣∣
z=0

=
∑

n

tn
n∑

i=0

〈h(i, n)〉

for the average mean height

(1− t)2K ′′(t)− 2t(1− t)K ′(t)− 4(2− t)K(t) =
2

(1− t)2

Scaling

K(t) ∝
t→1

(1− t)−2−ζ =⇒ ζ2 + 3ζ = 2 =⇒ ζ =
√

17− 3
2

= 0.561 . . .

NB: value for ζ obtained in M. Müller’s PhD thesis (2002), assuming scaling
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Scaling function for average height

H(x) = Exζ(1− x)ζ , ζ =
√

17− 3
2

, E = 0.888309 . . .

〈h(i, n)〉 =
n→∞

nζ H(x) , x = i/n
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H(x) = Exζ(1− x)ζ , ζ =
√

17− 3
2

, E = 0.888309 . . .
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n→∞

nζ H(x) , x = i/n

Numerical checks

22
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FIG. 7: Single base pairing probability h(1, n) as a function of n. Numerical data is compared to the exact
prediction from eq. (34) (solid line, guide for the eyes).
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FIG. 8: Mean height h(n) as a function of the number of bases n. (a) h(n) for n up to 6500. The blue line
represents our prediction for the scaling law (51) (b) Deviations from the scaling law for small structures
n ≤ 200.
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FIG. 9: (a) Scaling plot for the height function h(k, n) for two strand lengths n = 100 and n = 6000.
The dashed lines correspond to the scaling function plus the first finite-size correction to the scaling limit
H(k/n)−n−ζ . (b) Deviation from the scaling limit ∆h(k, n) = h(k, n)−n−ζH(k/n)+1 for different strand
lengths n = 50, 100, 200
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Hypergeometric equations for many observables
example: mean height

Allows to estimate finite size effects

C+ = 0.713263 . . . C− = 0.519299 . . . M confluent hypergeometric function (Kummer)

K(v) =
C+

(1− v)ζ+2
M(−ζ,−2− 2ζ; 2− 2v)− 1

(1− v)2
+

C−
(1− v)−1−ζ

M(ζ + 3, 2ζ + 4; 2− 2v)

14



This model is equivalent to a tree growth model !

Random deposition point model: successive deposition of points 
on intervals & create an arch whenever it is possible
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This model is equivalent to a tree growth model !

Random deposition point model: successive deposition of points 
on intervals & create an arch whenever it is possible

Closing + duality gives a decorated tree growth model

arch/tree growth at time t = arch deposition for size n=t !
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2 steps growth process:  
  - add a leaf to a vertex
   - add a second leaf = “budding” i.e. 1 vertex          2 vertices
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βk =
1
e2

2k

(k + 1)!
, ωk =

1
e2

k 2k
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2 steps growth process:  
  - add a leaf to a vertex
   - add a second leaf = “budding” i.e. 1 vertex          2 vertices

This can be used to compute e.g. asymptotic proportion of vertices

βk =
1
e2

2k

(k + 1)!
, ωk =

1
e2

k 2k

(k + 2)!

This is different from usual tree and network growth processes

and for what more ? ....
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Is it new?  is it universal? 

17



32

1 (136)

C3 = 1 (137)

C4 =
2
3

,
1
3

C5 =
1
3

,
2
3

(138)

C6 = ,
1
3

,
2
15

,
1
5

,
2
15

,
1
5

(139)

C7 = ,
8
45

,
4
15

,
1
15

,
1
5

,
8
45

,
1
9

(140)

C8 = ,
2

105
,

8
45

,
8
63

,
17
315

,
4
45

,
4
63

,
4

105
,

8
315

,
4

105
,

8
315

,
2
21

,
2
21

,
16
315

,
4
63

,
4

105
(141)

C9 = ,
5
63

,
7
90

,
2
63

,
1

105
,

4
63

,
7
90

,
1
21

,
31
315

,
1
21

,
19
315

,
2
63

,
19
315

,
4

105
,

2
63

,
13
630

,
11
420

,
13
630

,
1
30

,
1
90

,
1
30

,
11
420

,
11
420

,
11
420

,
13
630

.

(142)

32

1 (136)

C3 = 1 (137)

C4 =
2
3

,
1
3

C5 =
1
3

,
2
3

(138)

C6 = ,
1
3

,
2
15

,
1
5

,
2
15

,
1
5

(139)

C7 = ,
8
45

,
4
15

,
1
15

,
1
5

,
8
45

,
1
9

(140)

C8 = ,
2

105
,

8
45

,
8
63

,
17
315

,
4
45

,
4
63

,
4

105
,

8
315

,
4

105
,

8
315

,
2
21

,
2
21

,
16
315

,
4
63

,
4

105
(141)

C9 = ,
5
63

,
7
90

,
2
63

,
1

105
,

4
63

,
7
90

,
1
21

,
31
315

,
1
21

,
19
315

,
2
63

,
19
315

,
4

105
,

2
63

,
13
630

,
11
420

,
13
630

,
1
30

,
1
90

,
1
30

,
11
420

,
11
420

,
11
420

,
13
630

.

(142)

32

1 (136)

C3 = 1 (137)

C4 =
2
3

,
1
3

C5 =
1
3

,
2
3

(138)

C6 = ,
1
3

,
2
15

,
1
5

,
2
15

,
1
5

(139)

C7 = ,
8
45

,
4
15

,
1
15

,
1
5

,
8
45

,
1
9

(140)

C8 = ,
2

105
,

8
45

,
8
63

,
17
315

,
4
45

,
4
63

,
4

105
,

8
315

,
4

105
,

8
315

,
2
21

,
2
21

,
16
315

,
4
63

,
4

105
(141)

C9 = ,
5
63

,
7
90

,
2
63

,
1

105
,

4
63

,
7
90

,
1
21

,
31
315

,
1
21

,
19
315

,
2
63

,
19
315

,
4

105
,

2
63

,
13
630

,
11
420

,
13
630

,
1
30

,
1
90

,
1
30

,
11
420

,
11
420

,
11
420

,
13
630

.

(142)

32

1 (136)

C3 = 1 (137)

C4 =
2
3

,
1
3

C5 =
1
3

,
2
3

(138)

C6 = ,
1
3

,
2
15

,
1
5

,
2
15

,
1
5

(139)

C7 = ,
8
45

,
4
15

,
1
15

,
1
5

,
8
45

,
1
9

(140)

C8 = ,
2

105
,

8
45

,
8
63

,
17
315

,
4
45

,
4
63

,
4

105
,

8
315

,
4

105
,

8
315

,
2
21

,
2
21

,
16
315

,
4
63

,
4

105
(141)

C9 = ,
5
63

,
7
90

,
2
63

,
1

105
,

4
63

,
7
90

,
1
21

,
31
315

,
1
21

,
19
315

,
2
63

,
19
315

,
4

105
,

2
63

,
13
630

,
11
420

,
13
630

,
1
30

,
1
90

,
1
30

,
11
420

,
11
420

,
11
420

,
13
630

.

(142)

32

1 (136)

C3 = 1 (137)

C4 =
2
3

,
1
3

C5 =
1
3

,
2
3

(138)

C6 = ,
1
3

,
2
15

,
1
5

,
2
15

,
1
5

(139)

C7 = ,
8
45

,
4
15

,
1
15

,
1
5

,
8
45

,
1
9

(140)

C8 = ,
2

105
,

8
45

,
8
63

,
17
315

,
4
45

,
4
63

,
4

105
,

8
315

,
4

105
,

8
315

,
2
21

,
2
21

,
16
315

,
4
63

,
4

105
(141)

C9 = ,
5
63

,
7
90

,
2
63

,
1

105
,

4
63

,
7
90

,
1
21

,
31
315

,
1
21

,
19
315

,
2
63

,
19
315

,
4

105
,

2
63

,
13
630

,
11
420

,
13
630

,
1
30

,
1
90

,
1
30

,
11
420

,
11
420

,
11
420

,
13
630

.

(142)

32

1 (136)

C3 = 1 (137)

C4 =
2
3

,
1
3

C5 =
1
3

,
2
3

(138)

C6 = ,
1
3

,
2
15

,
1
5

,
2
15

,
1
5

(139)

C7 = ,
8
45

,
4
15

,
1
15

,
1
5

,
8
45

,
1
9

(140)

C8 = ,
2

105
,

8
45

,
8
63

,
17
315

,
4
45

,
4
63

,
4

105
,

8
315

,
4

105
,

8
315

,
2
21

,
2
21

,
16
315

,
4
63

,
4

105
(141)

C9 = ,
5
63

,
7
90

,
2
63

,
1

105
,

4
63

,
7
90

,
1
21

,
31
315

,
1
21

,
19
315

,
2
63

,
19
315

,
4

105
,

2
63

,
13
630

,
11
420

,
13
630

,
1
30

,
1
90

,
1
30

,
11
420

,
11
420

,
11
420

,
13
630

.

(142)

32

1 (136)

C3 = 1 (137)

C4 =
2
3

,
1
3

C5 =
1
3

,
2
3

(138)

C6 = ,
1
3

,
2
15

,
1
5

,
2
15

,
1
5

(139)

C7 = ,
8
45

,
4
15

,
1
15

,
1
5

,
8
45

,
1
9

(140)

C8 = ,
2

105
,

8
45

,
8
63

,
17
315

,
4
45

,
4
63

,
4

105
,

8
315

,
4

105
,

8
315

,
2
21

,
2
21

,
16
315

,
4
63

,
4

105

C9 = ,
5
63

,
7
90

,
2
63

,
1

105
,

4
63

,
7
90

,
1
21

,
31
315

,
1
21

,
19
315

,
2
63

,
19
315

,
4

105
,

2
63

,
13
630

,
11
420

,
13
630

,
1
30

,
1
90

,
1
30

,
11
420

,
11
420

,
11
420

,
13
630

.

(141)

32

1 (136)

C3 = 1 (137)

C4 =
2
3

,
1
3

C5 =
1
3

,
2
3

(138)

C6 = ,
1
3

,
2
15

,
1
5

,
2
15

,
1
5

(139)

C7 = ,
8
45

,
4
15

,
1
15

,
1
5

,
8
45

,
1
9

(140)

C8 = ,
2

105
,

8
45

,
8
63

,
17
315

,
4
45

,
4
63

,
4

105
,

8
315

,
4

105
,

8
315

,
2
21

,
2
21

,
16
315

,
4
63

,
4

105

C9 = ,
5
63

,
7
90

,
2
63

,
1

105
,

4
63

,
7
90

,
1
21

,
31
315

,
1
21

,
19
315

,
2
63

,
19
315

,
4

105
,

2
63

,
13
630

,
11
420

,
13
630

,
1
30

,
1
90

,
1
30

,
11
420

,
11
420

,
11
420

,
13
630

.

(141)

32

1 (136)

C3 = 1 (137)

C4 =
2
3

,
1
3

C5 =
1
3

,
2
3

(138)

C6 = ,
1
3

,
2
15

,
1
5

,
2
15

,
1
5

(139)

C7 = ,
8
45

,
4
15

,
1
15

,
1
5

,
8
45

,
1
9

(140)

C8 = ,
2

105
,

8
45

,
8
63

,
17
315

,
4
45

,
4
63

,
4

105
,

8
315

,
4

105
,

8
315

,
2
21

,
2
21

,
16
315

,
4
63

,
4

105

C9 = ,
5
63

,
7
90

,
2
63

,
1

105
,

4
63

,
7
90

,
1
21

,
31
315

,
1
21

,
19
315

,
2
63

,
19
315

,
4

105
,

2
63

,
13
630

,
11
420

,
13
630

,
1
30

,
1
90

,
1
30

,
11
420

,
11
420

,
11
420

,
13
630

.

(141)

32

1 (136)

C3 = 1 (137)

C4 =
2
3

,
1
3

C5 =
1
3

,
2
3

(138)

C6 = ,
1
3

,
2
15

,
1
5

,
2
15

,
1
5

(139)

C7 = ,
8
45

,
4
15

,
1
15

,
1
5

,
8
45

,
1
9

(140)

C8 = ,
2

105
,

8
45

,
8
63

,
17
315

,
4
45

,
4
63

,
4

105
,

8
315

,
4

105
,

8
315

,
2
21

,
2
21

,
16
315

,
4
63

,
4

105

C9 = ,
5
63

,
7
90

,
2
63

,
1

105
,

4
63

,
7
90

,
1
21

,
31
315

,
1
21

,
19
315

,
2
63

,
19
315

,
4

105
,

2
63

,
13
630

,
11
420

,
13
630

,
1
30

,
1
90

,
1
30

,
11
420

,
11
420

,
11
420

,
13
630

.

(141)

32

1 (136)

C3 = 1 (137)

C4 =
2
3

,
1
3

C5 =
1
3

,
2
3

(138)

C6 = ,
1
3

,
2
15

,
1
5

,
2
15

,
1
5

(139)

C7 = ,
8
45

,
4
15

,
1
15

,
1
5

,
8
45

,
1
9

(140)

C8 = ,
2

105
,

8
45

,
8
63

,
17
315

,
4
45

,
4
63

,
4

105
,

8
315

,
4

105
,

8
315

,
2
21

,
2
21

,
16
315

,
4
63

,
4

105

C9 = ,
5
63

,
7
90

,
2
63

,
1

105
,

4
63

,
7
90

,
1
21

,
31
315

,
1
21

,
19
315

,
2
63

,
19
315

,
4

105
,

2
63

,
13
630

,
11
420

,
13
630

,
1
30

,
1
90

,
1
30

,
11
420

,
11
420

,
11
420

,
13
630

.

(141)

32

1 (136)

C3 = 1 (137)

C4 =
2
3

,
1
3

C5 =
1
3

,
2
3

(138)

C6 = ,
1
3

,
2
15

,
1
5

,
2
15

,
1
5

(139)

C7 = ,
8
45

,
4
15

,
1
15

,
1
5

,
8
45

,
1
9

(140)

C8 = ,
2

105
,

8
45

,
8
63

,
17
315

,
4
45

,
4
63

,
4

105
,

8
315

,
4

105
,

8
315

,
2
21

,
2
21

,
16
315

,
4
63

,
4

105

C9 = ,
5
63

,
7
90

,
2
63

,
1

105
,

4
63

,
7
90

,
1
21

,
31
315

,
1
21

,
19
315

,
2
63

,
19
315

,
4

105
,

2
63

,
13
630

,
11
420

,
13
630

,
1
30

,
1
90

,
1
30

,
11
420

,
11
420

,
11
420

,
13
630

.

(141)

32

1 (136)

C3 = 1 (137)

C4 =
2
3

,
1
3

C5 =
1
3

,
2
3

(138)

C6 = ,
1
3

,
2
15

,
1
5

,
2
15

,
1
5

(139)

C7 = ,
8
45

,
4
15

,
1
15

,
1
5

,
8
45

,
1
9

(140)

C8 = ,
2

105
,

8
45

,
8
63

,
17
315

,
4
45

,
4
63

,
4

105
,

8
315

,
4

105
,

8
315

,
2
21

,
2
21

,
16
315

,
4
63

,
4

105

C9 = ,
5
63

,
7
90

,
2
63

,
1

105
,

4
63

,
7
90

,
1
21

,
31
315

,
1
21

,
19
315

,
2
63

,
19
315

,
4

105
,

2
63

,
13
630

,
11
420

,
13
630

,
1
30

,
1
90

,
1
30

,
11
420

,
11
420

,
11
420

,
13
630

.

(141)

32

1 (136)

C3 = 1 (137)

C4 =
2
3

,
1
3

C5 =
1
3

,
2
3

(138)

C6 = ,
1
3

,
2
15

,
1
5

,
2
15

,
1
5

(139)

C7 = ,
8
45

,
4
15

,
1
15

,
1
5

,
8
45

,
1
9

(140)

C8 = ,
2

105
,

8
45

,
8
63

,
17
315

,
4
45

,
4
63

,
4

105
,

8
315

,
4

105
,

8
315

,
2
21

,
2
21

,
16
315

,
4
63

,
4

105

C9 = ,
5
63

,
7
90

,
2
63

,
1

105
,

4
63

,
7
90

,
1
21

,
31
315

,
1
21

,
19
315

,
2
63

,
19
315

,
4

105
,

2
63

,
13
630

,
11
420

,
13
630

,
1
30

,
1
90

,
1
30

,
11
420

,
11
420

,
11
420

,
13
630

.

(141)

32

1 (136)

C3 = 1 (137)

C4 =
2
3

,
1
3

C5 =
1
3

,
2
3

(138)

C6 = ,
1
3

,
2
15

,
1
5

,
2
15

,
1
5

(139)

C7 = ,
8
45

,
4
15

,
1
15

,
1
5

,
8
45

,
1
9

(140)

C8 = ,
2

105
,

8
45

,
8
63

,
17
315

,
4
45

,
4
63

,
4

105
,

8
315

,
4

105
,

8
315

,
2
21

,
2
21

,
16
315

,
4
63

,
4

105

C9 = ,
5
63

,
7
90

,
2
63

,
1

105
,

4
63

,
7
90

,
1
21

,
31
315

,
1
21

,
19
315

,
2
63

,
19
315

,
4

105
,

2
63

,
13
630

,
11
420

,
13
630

,
1
30

,
1
90

,
1
30

,
11
420

,
11
420

,
11
420

,
13
630

.

(141)

32

1 (136)

C3 = 1 (137)

C4 =
2
3

,
1
3

C5 =
1
3

,
2
3

(138)

C6 = ,
1
3

,
2
15

,
1
5

,
2
15

,
1
5

(139)

C7 = ,
8
45

,
4
15

,
1
15

,
1
5

,
8
45

,
1
9

(140)

C8 = ,
2

105
,

8
45

,
8
63

,
17
315

,
4
45

,
4
63

,
4

105
,

8
315

,
4

105
,

8
315

,
2
21

,
2
21

,
16
315

,
4
63

,
4

105

C9 = ,
5
63

,
7
90

,
2
63

,
1

105
,

4
63

,
7
90

,
1
21

,
31
315

,
1
21

,
19
315

,
2
63

,
19
315

,
4

105
,

2
63

,
13
630

,
11
420

,
13
630

,
1
30

,
1
90

,
1
30

,
11
420

,
11
420

,
11
420

,
13
630

.

(141)

Interesting arch/tree statistics from growth process
quite different from generic or causal trees

and from growth by attachement trees
Is it new?  is it universal? 

good for something?
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