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From metabolic repertoires to hidden evolutionary history
Main question of this study

Q: Can present-day reaction sets reveal the evolutionary history of metabolism?



Metabolism across species

Species-reaction matrix  of size  
  ver 19.0.  &  ver. 29.0 

As
r = 1, 0

(Semp = 5470) × (R = 11057) (Semp = 19182) × (R = 12970)

[2.7.1.1] ATP + alpha-D-Glucose <=> ADP + alpha-D-Glucose 
6-phosphate
[5.3.1.9] alpha-D-Glucose 6-phosphate <=> beta-D-Fructose 6-
phosphate
[2.7.1.11] ATP + beta-D-Fructose 6-phosphate <=> ADP + 
beta-D-Fructose 1,6-bisphosphate
[4.1.2.13] beta-D-Fructose 1,6-bisphosphate <=>  
     Glycerone phosphate + D-Glyceraldehyde 3-phosphate

metabolic network =   
bipartite network consisting of reactions and compounds present in a species

E. coli Human

Roche Biochemical Pathways



Similar sizes of metabolism

Size of metabolism

Number of reactions in a single species 

 for  

Mean      

Standard deviation 

Rs = ∑
r∈ℛ

As
r s ∈ 𝒮emp

⟨Rs⟩ = 1353.5

σRs = 436.2
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Reaction popularity is broadly distributed
1/f law

Bernhardsson, Gerlee, and Lizana, BMC Evol. Biol. 11, 20 (2011) 
Kim, Lee, Kahng, Sci. Rep (2015); JKPS (2019) 
Lee and Lee, PRL (2024)
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Reaction popularity   

 for 

follows a power-law distribution with exponent one

fr ≡
∑s∈𝒮emp

As
r

Semp
r ∈ ℛ

P( f ) =
1
R ∑

r

δ( fr − f ) ∼ f −1
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Fig. 3 Temporal patterns of metabolic expansion inferred from the constructed tree. (a) Growth of the number ( (C)
of species along the rescaled evolutionary time C . The dashed line indicates an exponential fit with mutation-rate
parameter ` = 0.0015. (b) Distribution %rec ( g̃A ) of reaction first-recruitment times. The inset shows the reaction
popularity distribution % ( 5 ) , with the dashed line indicating a power-law fit. (c) Reaction popularity 5A as a function
of the first-recruitment time g̃A . The dashed line indicates an exponential fit. (d) Relative size ⌧ (C)/' (C) of the giant
connected component in the reaction–compound network along evolutionary time, compared between the inferred
tree and random reaction recruitment. Points and error bars indicate the mean and standard deviation within each bin
along the horizontal axis. All time-associated quantities are rescaled to the interval [0, 1].
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Fig. 4 Inter-recruitment behaviors in the constructed tree and network evolution model. (a) Inter-recruitment time
�g4A as a function of the reaction recruitment time g4A in the constructed tree. (b) Inter-recruitment time �g4A in the
network evolution model for non-inflationary (<0 = 1) and inflationary (<0 = 30) recruitment. The inset shows
the corresponding distribution of �g4A . (c) Distribution %rec ( g̃A ) of first-recruitment times in the network evolution
model for di�erent values of the expansion parameter <0. All time-associated quantities are rescaled to the interval
[0, 1]. Points and error bars indicate the mean and standard deviation within each bin along the horizontal axis.

the popularity of a reaction is determined by its first-recruitment time g̃A , leading to

%( 5 ) 35 = %rec(g̃A ) 3g̃A . (8)

In this framework, a nearly constant %rec(g̃A ) combined with an exponential decay of 5 (g̃A )
naturally yields %( 5 ) ⇠ 5 �1. In the previous model, however, the temporal analysis was
restricted to model-generated histories because reaction recruitment times could not be directly

9



Why is it such a clear power-law?

• Question Why is it such a clear power-law? Any principle there?

• Answer (1)    reflects the biochemical importance of reaction  for life on earth and the 

importance is so heterogeneous as to be characterized by the power-law distribution.

• Answer (2)    is built up over time in the evolution of metabolism

fr r

fr



Popularity may encode recruitment time



Let’s be more quantitative
How recruitment time determines popularity

• Number of species 

• The popularity  is determined by recruitment time  

   exponentially decreasing with 

•
Popularity distribution 

• First-recruitment time distribution 

•    

S(τ) = 2τ

fr τr

fr =
Sr(τ)
S(τ)

=
2τ−τr

2τ
= 2−τr τr

Ppop( f ) = Prec(τ)
dτ
df

f=2−τ

Prec(τr) ∝ S(τr) = 2τr

Ppop( f ) = Prec(τ)
dτ
df

f=2−τ

∼ f −1 f −1 ∼ f −2



Co-evolution of the phylogenic tree and metabolic networks
Empirical data

• R1: a + b  → d + e 

• R2: b + c + f → g 

R1

a b

d e

R2

c
f

g

Bipartite network between reactions and compounds

DATA:  BioCyc 19.1

| 5470 bacteria

| 7620 compounds, 11057 reactions

https://biocyc.org <Union network>
reaction

compound

e.g.:

Initial setting 

a
b

c

d

e
f

Basic reaction pool

R2
R1

R3 R4

R5

Nutrient soup

reaction affinity

R1 b+e→ c+d : 0.3
R2 a+b→ a+b+e : 0.28
R3 a+c→ d : 0.11
R4 c+d+f→ b+c : 0.05
R5 b+e→ f+g : 0.05

⋮
R10 e+i→ j+k+l : 0.4
R11 b+g+c→ a+h : 0.14

⋮

Affinity to substrates

: quenched disorder from 

uniform distribution 

178 nutrients 

(boundary compounds in 

flux balance analysis)

440 chemical reactions

: 178 externally  
available 

compounds

CE
: 440  

stand-alone reactions
R̃(sa)

 : universal pool of  
11057 reactions with 7620 compounds

R̃

Reaction
Compounds

Species is born
Earlier Later

Earlier LaterBirth time

<latexit sha1_base64="THBCWjMx8HCWAAwSb1Lueo3JY80="></latexit>

t = tmax

Reaction
Ecosystem

Species

Mutation

<latexit sha1_base64="N/QoUGlTmCzeZqTWtdI4jNDEliQ="></latexit>

t = 0 Expansion

……

Compounds

(a)

(b)

SpeciationRest

• Initially ( ), a single species with a single reaction from 


• From  to , every species  selects a recruitable reaction  from the universal pool , and  
- If there is no similar reaction to  in the current metabolic network of , then  is added to the network of  (expansion) 
- if a similar reaction  is found in , then 
    a species  is born with probability  from  with  in place of  (speciation) 
    Nothing happens otherwise (rest) 

• The above is repeated until the total number of species reaches the empirical value .

t = 0 R̃(sa)

t t + 1 s rnew R̃
rnew s rnew s

rsim s
s′￼ μ s rnew rsim

Semp = 5470



Simulation
Network expansion + speciation 



Finite pool of reactions
Ppop( f ) = Prec(τ)

dτ
df

f=2−τ

First recruitment and popularity of reactions.—A reac-
tion just recruited by a species may not be brand-new
but has already been recruited by some other species. The
union of the sets of the reactions recruited by all the present
species, the size of which we denote by RðtÞ, expands
only when a species recruits a brand-new reaction. Let us
consider βðτÞ the probability that the reaction recruited at
time τ by a species is brand-new. Among all the reactions
present at time tmax, the fraction of the reactions first
recruited at τ, or the distribution of the first-recruitment
time of a reaction, is given by PrecðτÞ ≃ ½1 − αðτÞ þ
1
2 μαðτÞ%βðτÞhSðτÞi=hRðtmaxÞi, where 1 − αþ ð1=2Þμα is
the probability of expansion or speciation. If βðτÞ varies
weakly, PrecðτÞ will grow exponentially with τ.
Simulations show that PrecðτÞ first grows exponentially

with τ and then saturates or decreases weakly with τ as
shown in Fig. 4(a). With μ ¼ 0.02, we find

PrecðτÞ ∼
! expð2.86τ̃Þ for τ̃≡ τ

tmax
≲ t̃' ¼ 0.40;

varying weakly for τ̃ ≳ t̃':
ð4Þ

Consequently, RðtÞ ¼ RðtmaxÞ
P

τ<t Precðτ; tmaxÞ grows
first exponentially and then linearly with time t, distin-
guishing the two time regimes. For τ̃ > t̃', despite the
exponentially growing SðτÞ and as much frequent

expansion of individual metabolic networks, most recruited
reactions are not brand-new; the brand-new probability
βðτÞ scales inversely with SðτÞ as

βðτÞ ∼
!
SðτÞ−0.233 for τ̃ ≲ t̃'
SðτÞ−1.04 for τ̃ ≳ t̃';

ð5Þ

as shown in the inset of Fig. 4(a). Therefore, βðτÞSðτÞ is
almost independent of τ, allowing us to understand the
saturation of PrecðτÞ in the late-time regime. Underlying
these phenomena is that the ever-recruited reactions and
their compounds form the giant (percolating) component in
the universal reaction-compound network. The portion of
reactions in the component mðgcÞ is of order 1 in the late-
time regime [Fig. 4(b)], and thus a potential new reaction
for each species is increasingly likely to overlap with the
giant component, resulting in the decaying β.
A reaction r recruited first by a species sr at time τr can be

found at later times in the descendants of sr inheriting r and
also in other species recruiting r later than sr. The number
Sð0Þr ðtÞ of the descendants of sr containing r is a lower bound
for SrðtÞ and analyzed as follows. Let ωðtÞ denote the
probability that a reaction belongs to an active component
after a reaction is replaced by another. Then, Sð0Þr ðtÞ satisfies
hSð0Þr ðtþ 1Þi − hSð0Þr ðtÞi ¼ 1

2 μαðtÞωðtÞhS
ð0Þ
r ðtÞi, leading to

hSð0Þr ðtÞi ∼ exp½12 ðt − τrÞμᾱ ω̄% and fð0Þr ðtmaxÞ ¼
hSð0Þr ðtmaxÞi
SðtmaxÞ

∝
exp½− 1

2 μᾱ ω̄ τr%. In a reasonable agreement with this pre-
diction, fr behaves approximately as [Fig. 4(c)]

fr ∼
! expð−2.49τ̃rÞ for τ̃r ≡ τr

tmax
≲ t̃';

expð−11.2τ̃rÞ for τ̃r ≳ t̃';
ð6Þ

where the faster decay is related to the larger value of α
and ω̄.
These results and the formula in Eq. (2) enable us to see

that the power-law decay of PpopðfÞ is mainly attributed to
the exponential decayoffrwith τr inEq. (6) and its crossover
originates inPrecðτrÞ ∼ f−1r andPrecðτrÞ ∼ const in the early-
and late-time regimes, respectively. The results for the late-
time regime apply to almost all reactions and species and
therefore its agreement with the empirical data is remarkable.
The region of f displaying the faster decay PpopðfÞ ∼ f−2,
absent in the empirical data, shrinks with decreasing μ, and
can be further diminished by, e.g., allowing earlier-born
species to recruit a larger number of reactions, which can
make PrecðτÞ vary weakly with τ in the whole time regime.
More improvements toward reality can be pursued.
Discussion.—We have studied the origin of the power-

law distribution of the metabolic reaction popularity by
investigating a network co-evolution model. The birth of a
new species inheriting the metabolic network of its parent
species and its expansion by recruiting reactions can
generate such heterogeneity in the reaction popularity as
observed empirically. We investigated the time dependence

FIG. 4. First-recruitment and popularity of reactions in the
network evolution model. (a) Distribution of the normalized first-
recruitment time τ̃r ¼ ðτr=tmaxÞ of a reaction r with different μ’s.
Inset: plot of the probability βðτÞ that a reaction recruited at time τ
is brand-new versus the total number of species SðτÞ with
μ ¼ 0.02. (b) Time evolution of the fraction of distinct recruited
reactions in the largest component mðgcÞ in the universal reaction-
compound network. Also shown are the largest components at
t̃ ≃ 0.18 and t̃ ≃ 0.69, respectively. (c) The popularity fr versus τ̃r
with μ ¼ 0.02. Inset: plot of jðdfr=dτrÞj−1 versus fr. Dashed and
solid lines fit the data for fr < f' and fr > f', respectively.
(d) First-recruitment time distributions for μ ¼ 1 and different
probabilities of nonmetabolic speciation pnm.

PHYSICAL REVIEW LETTERS 132, 018401 (2024)

018401-4

 : prob. a recruited reaction is brand new

Prec(τr) ∼ β(τr)S(τr)

β

β(τ) ∼ S(τ)−θ with θ ≃ {−0.2 for τ ≲ τ∗
−1.04 for τ ≳ τ∗

Prec(τr) ∼ {e(const)τr for τr ≲ τ∗

const for τr ≳ τ∗

fr =
Sr

S
∼

e(1/2)μα(τ−τr)

e(1/2)ματ
∼ e−(1/2)ματr

deviation 436 [Fig. 1(a)]. This implies that most species
adopt a similar size of metabolism although different
environments may impose different constraints and
demands that can be fulfilled by different pathways and
reactions. Next, we define the popularity fr of a reaction r
as the fraction of species containing the reaction r [9,10]
and find that remarkably, its distribution is a power law
with the exponent 1 [Fig. 1(b)]

PpopðfÞ≡ 1

R

X

r

δðfr − fÞ ∼ f−1; ð1Þ

noting the higher abundance of popular reactions than
expected under other distributions like an exponential one.
We investigate how such strong heterogeneity and clear-cut
power-law distribution emerge.
The depletion of resources and variation of environments

can impose an evolutionary pressure facilitating the appear-
ance of new enzymes catalyzing new reactions [11–13].
Those new reactions will be utilized by the species that first
recruits them and by their descendants. These evolutionary
processes can bring a power-law popularity distribution, as
shown by the following toy model.
Each species has a set of reactions for its metabolism.

From time t to tþ 1, every species s gives birth to a
daughter species s0, which inherits all the reactions of s and
additionally recruits a new reaction r1. Simultaneously s
expands its metabolism by recruiting a new reaction r2.
Therefore the number of species increases with time t as
SðtÞ ¼ 2t and the number of distinct reactions RðtÞ as
Rðtþ 1Þ − RðtÞ ¼ 2SðtÞ, giving RðtÞ ¼ 2tþ1 − 1.
Suppose that a reaction r is recruited by a species sr at

time τr for the first time. It is found exclusively in sr and its
descendants in this toy model. Therefore, SrðtÞ ¼ 2t−τr

species contain the reaction r at time t, allowing us
to compute its popularity frðtÞ ¼ ½SrðtÞ=SðtÞ& ¼ 2−τr.

Notice that fr decays exponentially with the first-recruit-
ment time τr but independent of the current time t. Among
the RðtÞ ¼ 2tþ1 − 1 reactions present at time t, the fraction
of reactions first recruited at τð≤ tÞ is given by Precðτ; tÞ≡
½1=RðtÞ&

P
r δðτr − τÞ ¼ f½RðτÞ− Rðτ − 1Þ&=½RðtÞ&g ¼ ½2τ=

ð2tþ1 − 1Þ&. Therefore, the reaction-popularity distribu-
tion Ppopðf; tÞ at time t can be obtained from Precðτ; tÞ
and frðtÞ as

Ppopðf; tÞ ¼
!!!!
dfrðtÞ
dτr

!!!!
−1
Precðτr; tÞjfrðtÞ¼f: ð2Þ

For our toy model, ðdfr=dτrÞjfr¼f ¼ −f logð2Þ and
Precðτr; tÞjfr¼f ¼ ½f−1=ð2tþ1− 1Þ&, yielding PpopðfÞ ∼ f−2.
Copying all reactions to the daughter species and recruiting
a new reaction by every species at every step bring this
power law. Yet the exponent 2 is different from the
empirical value 1 [Eq. (1)], raising the need to improve
the toy model. We use t to denote the simulation time and τ
to denote the first-recruitment time of a reaction. We will
drop t in Ppopðf; tÞ and Precðτ; tÞ for simplicity.
Network evolution model.—Differently from the toy

model, the pool of reactions to recruit is finite, and the
same reaction can be recruited by more than one species.
Only the reactions that could be activated, i.e., maintain a
nonzero flux, are recruited by a species [16–18]. Therefore,
we need to consider the connection of the recruited
reactions in each species. The birth rate of a new species
by mutation, replacing a current reaction by a similar but
more competent reaction, may be different from the
expansion rate of individual metabolism.
To incorporate these aspects, we consider a growing

species tree with each species possessing a growing
bipartite network of reactions and compounds [20] as
shown in Fig. 2. Initially (t ¼ 0), a single species is born,
possessing a bipartite network of a single stand-alone
reaction and its compounds. A stand-alone reaction is one
that takes in externally available compounds and therefore
can be activated independently without requiring the
activation of other reactions, and we have 440 such
stand-alone reactions [18]. From t to tþ 1, for each species
s, a potential new reaction rnew is selected from the reaction
pool, which takes in the compounds already included in s
or externally available compounds. Then we investigate
whether there is a reaction rsim in s similar to rnew, sharing
the same set of substrates or products [18]. If there is no
such similar reaction, then s recruits rnew (expansion).
Otherwise, the species s either gives birth to a new species
or does nothing as follows. If the competence ϕrnew of the
potential new reaction, assigned randomly to each reaction,
is higher than that of the similar reaction ϕrsim , then a new
species snew is born with probability μ, inheriting the active
connected components of s formed after replacing rsim by
rnew in s (speciation). Otherwise, nothing happens (rest).
These procedures are sketched in Fig. 2(a). Here, a
connected component is considered active if it contains

FIG. 1. Statistics of the species-reaction association in empiri-
cal data and the network evolution model with μ ¼ 0.02.
(a) Standardized distributions of the number of reactions Rs in
a species s. The standardized variable zs ¼ ½ðRs −mRsÞ=ðσRsÞ& is
used with the mean mRs and standard deviation σRs from
empirical data (triangle) and from the model (circle). The solid
line shows the Gaussian distribution ð1=

ffiffiffiffiffi
2π

p
Þ exp ½−ðz2=2Þ&.

(b) Distributions of the reaction popularity. The solid line fits
the empirical data for f > 10−3, and the dashed-dotted and
dashed lines fit the simulation results for 10−3 < f < 0.4 and
f > 0.4, respectively.

PHYSICAL REVIEW LETTERS 132, 018401 (2024)

018401-2

Ppop( f ) = Prec(τ)
dτ
df

f=2−τ

∼ {f −1 for f ≲ f∗
f −2 for f ≳ f∗

Popularity vs. First-recruitment time  First-recruitment time distribution

Popularity distribution

Lee and Lee, PRL (2024)



Timing of reaction recruitment?

No such crossover seen in the empirical popularity distribution. 

The previous model  assumes that every species recruits reactions regularly.

Can we infer hidden recruitment times from present-day metabolic repertoires?



New idea to  
build a 
phylogeny and 
embed it in 
time

• Merge the closest reaction 
sets and  assign the 
intersection  to each 
internal node

• Read branch-specific 
reaction gains as 
recruitment events

• Place all extant species at 
equal time and equalize 
branch durations.
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<latexit sha1_base64="2qC+npkry0tMr+vn83DAdUKqoPc="></latexit>r12
<latexit sha1_base64="2qC+npkry0tMr+vn83DAdUKqoPc="></latexit>r12

<latexit sha1_base64="Lk+00mBawvJBLJ2IvNL9TMf2MTQ=">AAAB6nicjVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMYyokmE5Ah7m71kyd7usTsnhCM/wcZCEVt/kZ3/xs1HoaLgg4HHezPMzItSKSz6/odXWFpeWV0rrpc2Nre2d8q7ey2rM8N4k2mpzV1ELZdC8SYKlPwuNZwmkeTtaHQ59dv33Fih1S2OUx4mdKBELBhFJ93YXtArV4KqPwP5m1RggUav/N7ta5YlXCGT1NpO4KcY5tSgYJJPSt3M8pSyER3wjqOKJtyG+ezUCTlySp/E2rhSSGbq14mcJtaOk8h1JhSH9qc3FX/zOhnG52EuVJohV2y+KM4kQU2mf5O+MJyhHDtCmRHuVsKG1FCGLp3S/0JonVSDWrV2fVqpXyziKMIBHMIxBHAGdbiCBjSBwQAe4AmePek9ei/e67y14C1m9uEbvLdPCjuNow==</latexit>s1
<latexit sha1_base64="Lk+00mBawvJBLJ2IvNL9TMf2MTQ=">AAAB6nicjVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMYyokmE5Ah7m71kyd7usTsnhCM/wcZCEVt/kZ3/xs1HoaLgg4HHezPMzItSKSz6/odXWFpeWV0rrpc2Nre2d8q7ey2rM8N4k2mpzV1ELZdC8SYKlPwuNZwmkeTtaHQ59dv33Fih1S2OUx4mdKBELBhFJ93YXtArV4KqPwP5m1RggUav/N7ta5YlXCGT1NpO4KcY5tSgYJJPSt3M8pSyER3wjqOKJtyG+ezUCTlySp/E2rhSSGbq14mcJtaOk8h1JhSH9qc3FX/zOhnG52EuVJohV2y+KM4kQU2mf5O+MJyhHDtCmRHuVsKG1FCGLp3S/0JonVSDWrV2fVqpXyziKMIBHMIxBHAGdbiCBjSBwQAe4AmePek9ei/e67y14C1m9uEbvLdPCjuNow==</latexit>s1

<latexit sha1_base64="BBA393i+BHDM5DnUQVquqAQTnNs=">AAAB6nicjVA9SwNBEJ2LXzF+RS1tFoNgFe6CRAuLgI1lRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZtLChUFHww83pthZl6QCK6N6344hZXVtfWN4mZpa3tnd6+8f9DWcaoYtlgsYtUNqEbBJbYMNwK7iUIaBQI7weRq7nfuUWkeyzszTdCP6EjykDNqrHSrB7VBueJV3Rzkb1KBJZqD8nt/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s/zUGTmxypCEsbIlDcnVrxMZjbSeRoHtjKgZ65/eXPzN66UmvPAzLpPUoGSLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2n9L8Q2rWqV6/Wb84qjctlHEU4gmM4BQ/OoQHX0IQWMBjBAzzBsyOcR+fFeV20FpzlzCF8g/P2CQu/jaQ=</latexit>s2
<latexit sha1_base64="BBA393i+BHDM5DnUQVquqAQTnNs=">AAAB6nicjVA9SwNBEJ2LXzF+RS1tFoNgFe6CRAuLgI1lRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZtLChUFHww83pthZl6QCK6N6344hZXVtfWN4mZpa3tnd6+8f9DWcaoYtlgsYtUNqEbBJbYMNwK7iUIaBQI7weRq7nfuUWkeyzszTdCP6EjykDNqrHSrB7VBueJV3Rzkb1KBJZqD8nt/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s/zUGTmxypCEsbIlDcnVrxMZjbSeRoHtjKgZ65/eXPzN66UmvPAzLpPUoGSLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2n9L8Q2rWqV6/Wb84qjctlHEU4gmM4BQ/OoQHX0IQWMBjBAzzBsyOcR+fFeV20FpzlzCF8g/P2CQu/jaQ=</latexit>s2

<latexit sha1_base64="lTRtJptOWFCo0Hf0/82qJXZk2RY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5UooVFwMYyovmA5Ah7m71kyd7esTsnhCM/wcZCEVt/kZ3/xk1yhUYfDDzem2FmXpBIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvTP++XK27VnYP8JV5OKpCj0S9/9gYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFhlQMJY21JI5urPiYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt++S9pnVW9WrV2d1GpX+dxFOEIjuEUPLiEOtxCA5rAYAhP8AKvjnSenTfnfdFacPKZQ/gF5+MbCN6Nog==</latexit>s3
<latexit sha1_base64="lTRtJptOWFCo0Hf0/82qJXZk2RY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5UooVFwMYyovmA5Ah7m71kyd7esTsnhCM/wcZCEVt/kZ3/xk1yhUYfDDzem2FmXpBIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvTP++XK27VnYP8JV5OKpCj0S9/9gYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFhlQMJY21JI5urPiYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt++S9pnVW9WrV2d1GpX+dxFOEIjuEUPLiEOtxCA5rAYAhP8AKvjnSenTfnfdFacPKZQ/gF5+MbCN6Nog==</latexit>s3

<latexit sha1_base64="sPWcOfDLKlduIyc5W4NLsiCHO+Y=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMYyovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWj2aSoB/RoeQhZ9RY6UH3L/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDaz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqperVq7v6zUb/I4inACp3AOHlxBHe6gAU1gMIRneIU3RzgvzrvzsWgtOPnMMfyB8/kDCmKNow==</latexit>s4
<latexit sha1_base64="sPWcOfDLKlduIyc5W4NLsiCHO+Y=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMYyovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWj2aSoB/RoeQhZ9RY6UH3L/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDaz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqperVq7v6zUb/I4inACp3AOHlxBHe6gAU1gMIRneIU3RzgvzrvzsWgtOPnMMfyB8/kDCmKNow==</latexit>s4

<latexit sha1_base64="b9TYsk/JNioFHe4Ok2P9Vl7pjsU=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eo4VFwMYyovmA5Ah7m71kyd7esTsnhCM/wcZCEVt/kZ3/xk1yhUYfDDzem2FmXpBIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvTv+iXK27VnYP8JV5OKpCj0S9/9gYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFhlQMJY21JI5urPiYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt++S9pnVW9WrV2d16pX+dxFOEIjuEUPLiEOtxCA5rAYAhP8AKvjnSenTfnfdFacPKZQ/gF5+MbC+aNpA==</latexit>s5
<latexit sha1_base64="b9TYsk/JNioFHe4Ok2P9Vl7pjsU=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eo4VFwMYyovmA5Ah7m71kyd7esTsnhCM/wcZCEVt/kZ3/xk1yhUYfDDzem2FmXpBIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvTv+iXK27VnYP8JV5OKpCj0S9/9gYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFhlQMJY21JI5urPiYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt++S9pnVW9WrV2d16pX+dxFOEIjuEUPLiEOtxCA5rAYAhP8AKvjnSenTfnfdFacPKZQ/gF5+MbC+aNpA==</latexit>s5

<latexit sha1_base64="psd6TCK6wcXKngvXKPceSx7UQoQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMYyovmA5Ah7m71kyd7esTsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfvuJayNi9YiThPsRHSoRCkbRSg+mX+uXK27VnYOsEi8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2/vEpaF1WvVq3dX1bqN3kcRTiBUzgHD66gDnfQgCYwGMIzvMKbI50X5935WLQWnHzmGP7A+fwBDWqNpQ==</latexit>s6
<latexit sha1_base64="psd6TCK6wcXKngvXKPceSx7UQoQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMYyovmA5Ah7m71kyd7esTsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfvuJayNi9YiThPsRHSoRCkbRSg+mX+uXK27VnYOsEi8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2/vEpaF1WvVq3dX1bqN3kcRTiBUzgHD66gDnfQgCYwGMIzvMKbI50X5935WLQWnHzmGP7A+fwBDWqNpQ==</latexit>s6

<latexit sha1_base64="usfMtoC44tNJ0MwDLDhSYL7k3Fo=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKxBw8BLx4jGgekCxhdjKbDJmdXWZ6hWXJJ3jxoIhXv8ibf+PkcVBRsKChqOqmuytIpDDouh9OYWV1bX2juFna2t7Z3SvvH7RNnGrGWyyWse4G1HApFG+hQMm7ieY0CiTvBJOrmd+559qIWN1hlnA/oiMlQsEoWunWDOqDcsWrunOQv0kFlmgOyu/9YczSiCtkkhrT89wE/ZxqFEzyaamfGp5QNqEj3rNU0YgbP5+fOiUnVhmSMNa2FJK5+nUip5ExWRTYzoji2Pz0ZuJvXi/FsO7nQiUpcsUWi8JUEozJ7G8yFJozlJkllGlhbyVsTDVlaNMp/S+E9lnVq1VrN+eVxuUyjiIcwTGcggcX0IBraEILGIzgAZ7g2ZHOo/PivC5aC85y5hC+wXn7BBTXjao=</latexit>

s8
<latexit sha1_base64="usfMtoC44tNJ0MwDLDhSYL7k3Fo=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKxBw8BLx4jGgekCxhdjKbDJmdXWZ6hWXJJ3jxoIhXv8ibf+PkcVBRsKChqOqmuytIpDDouh9OYWV1bX2juFna2t7Z3SvvH7RNnGrGWyyWse4G1HApFG+hQMm7ieY0CiTvBJOrmd+559qIWN1hlnA/oiMlQsEoWunWDOqDcsWrunOQv0kFlmgOyu/9YczSiCtkkhrT89wE/ZxqFEzyaamfGp5QNqEj3rNU0YgbP5+fOiUnVhmSMNa2FJK5+nUip5ExWRTYzoji2Pz0ZuJvXi/FsO7nQiUpcsUWi8JUEozJ7G8yFJozlJkllGlhbyVsTDVlaNMp/S+E9lnVq1VrN+eVxuUyjiIcwTGcggcX0IBraEILGIzgAZ7g2ZHOo/PivC5aC85y5hC+wXn7BBTXjao=</latexit>

s8

<latexit sha1_base64="aOX2X9eDbO6MOe+D/8D04JTL0lg=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EEguLgI1lRGMCyRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/Lh0aOOU8WwxWIRq05ANQousWW4EdhJFNIoENgOxjczv/2ESvNYPphJgn5Eh5KHnFFjpXvdr/fLFbfqzkFWiZeTCuRo9stfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mp07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGVn3GZpAYlWywKU0FMTGZ/kwFXyIyYWEKZ4vZWwkZUUWZsOiUbgrf88ip5vKh6tWrt7rLSuM7jKMIJnMI5eFCHBtxCE1rAYAjP8ApvjnBenHfnY9FacPKZY/gD5/MHDu6Npg==</latexit>s7
<latexit sha1_base64="aOX2X9eDbO6MOe+D/8D04JTL0lg=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EEguLgI1lRGMCyRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/Lh0aOOU8WwxWIRq05ANQousWW4EdhJFNIoENgOxjczv/2ESvNYPphJgn5Eh5KHnFFjpXvdr/fLFbfqzkFWiZeTCuRo9stfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mp07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGVn3GZpAYlWywKU0FMTGZ/kwFXyIyYWEKZ4vZWwkZUUWZsOiUbgrf88ip5vKh6tWrt7rLSuM7jKMIJnMI5eFCHBtxCE1rAYAjP8ApvjnBenHfnY9FacPKZY/gD5/MHDu6Npg==</latexit>s7

<latexit sha1_base64="HiyC3JdQt4YuSfKYlJ9sI4LuXvE=">AAAB83icjVDLSgNBEOz1GeMr6tHLYBA8hV2R6MFDwIvHCOYByRpmJ7PJkNmZZaZXCEt+w4sHRbz6M978GyePg4qCBQ1FVTddVJRKYdH3P7yl5ZXVtfXCRnFza3tnt7S337Q6M4w3mJbatCNquRSKN1Cg5O3UcJpEkrei0dXUb91zY4VWtzhOeZjQgRKxYBSd1LV3edckxGiNk16pHFT8GcjfpAwL1Hul925fsyzhCpmk1nYCP8UwpwYFk3xS7GaWp5SN6IB3HFU04TbMZ5kn5NgpfRJr40YhmalfL3KaWDtOIreZUBzan95U/M3rZBhfhLlQaYZcsfmjOJMENZkWQPrCcIZy7AhlRrishA2poQxdTcX/ldA8rQTVSvXmrFy7XNRRgEM4ghMI4BxqcA11aACDFB7gCZ69zHv0XrzX+eqSt7g5gG/w3j4BV2aR4g==</latexit>

sroot
<latexit sha1_base64="HiyC3JdQt4YuSfKYlJ9sI4LuXvE=">AAAB83icjVDLSgNBEOz1GeMr6tHLYBA8hV2R6MFDwIvHCOYByRpmJ7PJkNmZZaZXCEt+w4sHRbz6M978GyePg4qCBQ1FVTddVJRKYdH3P7yl5ZXVtfXCRnFza3tnt7S337Q6M4w3mJbatCNquRSKN1Cg5O3UcJpEkrei0dXUb91zY4VWtzhOeZjQgRKxYBSd1LV3edckxGiNk16pHFT8GcjfpAwL1Hul925fsyzhCpmk1nYCP8UwpwYFk3xS7GaWp5SN6IB3HFU04TbMZ5kn5NgpfRJr40YhmalfL3KaWDtOIreZUBzan95U/M3rZBhfhLlQaYZcsfmjOJMENZkWQPrCcIZy7AhlRrishA2poQxdTcX/ldA8rQTVSvXmrFy7XNRRgEM4ghMI4BxqcA11aACDFB7gCZ69zHv0XrzX+eqSt7g5gG/w3j4BV2aR4g==</latexit>

sroot

<latexit sha1_base64="iwOEAyOG+SJR4DS5yO1hPquypuQ="></latexit>r7
<latexit sha1_base64="iwOEAyOG+SJR4DS5yO1hPquypuQ="></latexit>r7

<latexit sha1_base64="jo41BwOAySki6K770PcDioJlPDw="></latexit>r8
<latexit sha1_base64="jo41BwOAySki6K770PcDioJlPDw="></latexit>r8

<latexit sha1_base64="N+5xNxDT5m1Xg3KQ0etQcj+S7OQ="></latexit>r1
<latexit sha1_base64="N+5xNxDT5m1Xg3KQ0etQcj+S7OQ="></latexit>r1

<latexit sha1_base64="ldmhldAhaBNEmaTns5bWhWhniC0="></latexit>r2
<latexit sha1_base64="ldmhldAhaBNEmaTns5bWhWhniC0="></latexit>r2

<latexit sha1_base64="uQd5XFD2NKhVy4/8unhqAo1lGlA="></latexit>

r3
<latexit sha1_base64="uQd5XFD2NKhVy4/8unhqAo1lGlA="></latexit>

r3
<latexit sha1_base64="LiCX0Z5hd0IPOGw/+kMNaztITN4="></latexit>

r6
<latexit sha1_base64="LiCX0Z5hd0IPOGw/+kMNaztITN4="></latexit>

r6
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5

<latexit sha1_base64="hZ02hijS/lXgFeTNzbG7eiIY6eo="></latexit>s1
<latexit sha1_base64="cnic+3BfGVJ2IROtjpTxDuIXRG8="></latexit>s5

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="WoshVfTLEJkOv44ZAnwn1xKG7Zk="></latexit>r10
<latexit sha1_base64="WoshVfTLEJkOv44ZAnwn1xKG7Zk="></latexit>r10

<latexit sha1_base64="zCjjlIrjKG5gbz84OgF9OejYpcw="></latexit>r11
<latexit sha1_base64="zCjjlIrjKG5gbz84OgF9OejYpcw="></latexit>r11

<latexit sha1_base64="N+5xNxDT5m1Xg3KQ0etQcj+S7OQ="></latexit>r1
<latexit sha1_base64="N+5xNxDT5m1Xg3KQ0etQcj+S7OQ="></latexit>r1

<latexit sha1_base64="ldmhldAhaBNEmaTns5bWhWhniC0="></latexit>r2
<latexit sha1_base64="ldmhldAhaBNEmaTns5bWhWhniC0="></latexit>r2

<latexit sha1_base64="uQd5XFD2NKhVy4/8unhqAo1lGlA="></latexit>

r3
<latexit sha1_base64="uQd5XFD2NKhVy4/8unhqAo1lGlA="></latexit>

r3
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5

<latexit sha1_base64="s+fwTsrXAD7XMMsLKQEwiLz1hPg="></latexit>s6

<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="LiCX0Z5hd0IPOGw/+kMNaztITN4="></latexit>

r6
<latexit sha1_base64="LiCX0Z5hd0IPOGw/+kMNaztITN4="></latexit>

r6

<latexit sha1_base64="ie/ttlkNLUWWkFY1+WnkgpsrPcI="></latexit>s7

<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5

<latexit sha1_base64="1iXypXhRdazMYoxey695jeGIzaw="></latexit>s8

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5

<latexit sha1_base64="SP+I0HSrm01qKV3hmO/fCvLki1k="></latexit>s9 (Root)

<latexit sha1_base64="MzTU5h/qlpBVG0I9db+gJkXQBpg=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/ormU2zbahSXZJsmpZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MOFMG9f9dgorq2vrG8XN0tb2zu5eef+gpeNUEdokMY9VJwRNOZO0aZjhtJMoCiLktB2Orqd++4EqzWJ5Z8YJDQQMJIsYAWOle99A2st8JbCAp0mvXHGr7gx4mXg5qaAcjV75y+/HJBVUGsJB667nJibIQBlGOJ2U/FTTBMgIBrRrqQRBdZDNrp7gE6v0cRQrW9Lgmfp7IgOh9ViEtlOAGepFbyr+53VTE10GGZNJaqgk80VRyrGJ8TQC3GeKEsPHlgBRzN6KyRAUEGODKtkQvMWXl0nrrOrVqrXb80r9Ko+jiI7QMTpFHrpAdXSDGqiJCFLoGb2iN+fReXHenY95a8HJZw7RHzifP7yDkq8=</latexit>⌧max
<latexit sha1_base64="MzTU5h/qlpBVG0I9db+gJkXQBpg=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/ormU2zbahSXZJsmpZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MOFMG9f9dgorq2vrG8XN0tb2zu5eef+gpeNUEdokMY9VJwRNOZO0aZjhtJMoCiLktB2Orqd++4EqzWJ5Z8YJDQQMJIsYAWOle99A2st8JbCAp0mvXHGr7gx4mXg5qaAcjV75y+/HJBVUGsJB667nJibIQBlGOJ2U/FTTBMgIBrRrqQRBdZDNrp7gE6v0cRQrW9Lgmfp7IgOh9ViEtlOAGepFbyr+53VTE10GGZNJaqgk80VRyrGJ8TQC3GeKEsPHlgBRzN6KyRAUEGODKtkQvMWXl0nrrOrVqrXb80r9Ko+jiI7QMTpFHrpAdXSDGqiJCFLoGb2iN+fReXHenY95a8HJZw7RHzifP7yDkq8=</latexit>⌧max=7
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<latexit sha1_base64="acXhSmNfHuAYX7s7pd4DXTCjSmM=">AAAB/3icdVDJSgNBEO1xjXGLCl68NAbB0zCTxJgchIAePEYwCyTD0NPpSZr0LHTXCGGSg7/ixYMiXv0Nb/6NnUVQ0QcFj/eqqKrnxYIrsKwPY2l5ZXVtPbOR3dza3tnN7e03VZRIyho0EpFse0QxwUPWAA6CtWPJSOAJ1vKGl1O/dcek4lF4C6OYOQHph9znlICW3Nxh94oJIF0giZtKtzxWrj25sN1c3jKrxSmwZRYLZ6WqpUmpWrLtCrZNa4Y8WqDu5t67vYgmAQuBCqJUx7ZicFIigVPBJtluolhM6JD0WUfTkARMOens/gk+0UoP+5HUFQKeqd8nUhIoNQo83RkQGKjf3lT8y+sk4FeclIdxAiyk80V+IjBEeBoG7nHJKIiRJoRKrm/FdEAkoaAjy+oQvj7F/5NmwbTLZvmmlK/VFnFk0BE6RqfIRueohq5RHTUQRWP0gJ7Qs3FvPBovxuu8dclYzBygHzDePgHtMZYR</latexit>

�⌧r6|s1 = 1

<latexit sha1_base64="6RGUv/t6c8T6eE9SREpib7mYBzQ=">AAAB/3icdVDJSgNBEO2JW4xbVPDipTEInoaZZMxyEAJ68BjBLJCEoafTSZr0LHTXCGGSg7/ixYMiXv0Nb/6NnUVQ0QcFj/eqqKrnRYIrsKwPI7Wyura+kd7MbG3v7O5l9w8aKowlZXUailC2PKKY4AGrAwfBWpFkxPcEa3qjy5nfvGNS8TC4hXHEuj4ZBLzPKQEtudmjzhUTQDpAYjeRbmmiXHt6YbvZnGVWCjNgyyzkz52KpYlTcWy7jG3TmiOHlqi52fdOL6SxzwKggijVtq0IugmRwKlg00wnViwidEQGrK1pQHymusn8/ik+1UoP90OpKwA8V79PJMRXaux7utMnMFS/vZn4l9eOoV/uJjyIYmABXSzqxwJDiGdh4B6XjIIYa0Ko5PpWTIdEEgo6sowO4etT/D9p5E27aBZvnFy1uowjjY7RCTpDNiqhKrpGNVRHFE3QA3pCz8a98Wi8GK+L1pSxnDlEP2C8fQLuvJYS</latexit>

�⌧r7|s1 = 1

<latexit sha1_base64="hW4yKiSmCLUSbuIGActjCFWCLGs=">AAACBHicdVDLSgNBEJz1GeMr6jGXwSB4WnaTGJODENCDxwjmAdmwzE4myZDZBzO9Qlhz8OKvePGgiFc/wpt/42wSQUULGoqqbrq7vEhwBZb1YSwtr6yurWc2sptb2zu7ub39lgpjSVmThiKUHY8oJnjAmsBBsE4kGfE9wdre+Dz12zdMKh4G1zCJWM8nw4APOCWgJTeXdy6YAOIAid1EuoltTW+VW5qe2WbRzRUss1ZKgS2zVDwp1yxNyrWybVexbVozFNACDTf37vRDGvssACqIUl3biqCXEAmcCjbNOrFiEaFjMmRdTQPiM9VLZk9M8ZFW+ngQSl0B4Jn6fSIhvlIT39OdPoGR+u2l4l9eN4ZBtZfwIIqBBXS+aBALDCFOE8F9LhkFMdGEUMn1rZiOiCQUdG5ZHcLXp/h/0iqadsWsXJUL9foijgzKo0N0jGx0iuroEjVQE1F0hx7QE3o27o1H48V4nbcuGYuZA/QDxtsnIp+XyA==</latexit>

�⌧r10|s3 = 1.2

<latexit sha1_base64="L0iA2s2T0+r4Xe4dhCZ0jLNto80=">AAACA3icdVDLSgNBEJyNrxhfUW96GQyCp2U3iTE5CAE9eIxgEiEJy+xkNhky+2CmVwhrwIu/4sWDIl79CW/+jbNJBBUtaCiquunuciPBFVjWh5FZWFxaXsmu5tbWNza38ts7LRXGkrImDUUor12imOABawIHwa4jyYjvCtZ2R2ep375hUvEwuIJxxHo+GQTc45SAlpz8XvecCSBdILGTSCepTW6VU5qc2mbRyRcss1ZKgS2zVDwu1yxNyrWybVexbVpTFNAcDSf/3u2HNPZZAFQQpTq2FUEvIRI4FWyS68aKRYSOyIB1NA2Iz1Qvmf4wwYda6WMvlLoCwFP1+0RCfKXGvqs7fQJD9dtLxb+8TgxetZfwIIqBBXS2yIsFhhCngeA+l4yCGGtCqOT6VkyHRBIKOracDuHrU/w/aRVNu2JWLsuFen0eRxbtowN0hGx0guroAjVQE1F0hx7QE3o27o1H48V4nbVmjPnMLvoB4+0TuOiXlg==</latexit>

�⌧r9|s3 = 1.2
<latexit sha1_base64="wUWuoUfTY5CP6U/9VYF0hj9ca9w=">AAACBHicdVDJSgNBEO2JW4xb1GMujUHwNMwkk5gchIAePEYwCyRh6Ol0kiY9C901Qhhz8OKvePGgiFc/wpt/Y2cRVPRBweO9KqrqeZHgCizrw0itrK6tb6Q3M1vbO7t72f2DpgpjSVmDhiKUbY8oJnjAGsBBsHYkGfE9wVre+Hzmt26YVDwMrmESsZ5PhgEfcEpAS242171gAkgXSOwm0k1se3qr3NL0rGiW3GzeMqvFGbBlFgslp2pp4lQd265g27TmyKMl6m72vdsPaeyzAKggSnVsK4JeQiRwKtg0040ViwgdkyHraBoQn6leMn9iio+10seDUOoKAM/V7xMJ8ZWa+J7u9AmM1G9vJv7ldWIYVHoJD6IYWEAXiwaxwBDiWSK4zyWjICaaECq5vhXTEZGEgs4to0P4+hT/T5oF0y6b5SsnX6st40ijHDpCJ8hGp6iGLlEdNRBFd+gBPaFn4954NF6M10VryljOHKIfMN4+AS7Xl9A=</latexit>

�⌧r11|s5 = 3.5

<latexit sha1_base64="6kDmifwCFpBY3Pim5zMzOjOsC9k=">AAACBHicdVDJSgNBEO2JW4xb1GMujUHwNMwkk5gchIAePEYwCyRh6Ol0kiY9C901Qhhz8OKvePGgiFc/wpt/Y2cRVPRBweO9KqrqeZHgCizrw0itrK6tb6Q3M1vbO7t72f2DpgpjSVmDhiKUbY8oJnjAGsBBsHYkGfE9wVre+Hzmt26YVDwMrmESsZ5PhgEfcEpAS242171gAkgXSOwm0k1sa3qr3NL0rGiW3GzeMqvFGbBlFgslp2pp4lQd265g27TmyKMl6m72vdsPaeyzAKggSnVsK4JeQiRwKtg0040ViwgdkyHraBoQn6leMn9iio+10seDUOoKAM/V7xMJ8ZWa+J7u9AmM1G9vJv7ldWIYVHoJD6IYWEAXiwaxwBDiWSK4zyWjICaaECq5vhXTEZGEgs4to0P4+hT/T5oF0y6b5SsnX6st40ijHDpCJ8hGp6iGLlEdNRBFd+gBPaFn4954NF6M10VryljOHKIfMN4+AS1Jl88=</latexit>

�⌧r10|s5 = 3.5

<latexit sha1_base64="WuJZ0GsTXWkb0wRHXA340zSYkk4=">AAAB+3icdVDJSgNBEO2JW4zbGI9eGoPgaZhJYkwOQkAPHiOYBTIx9HQ6SZOehe4aMQzzK148KOLVH/Hm39hZBBV9UPB4r4qqel4kuALb/jAyK6tr6xvZzdzW9s7unrmfb6kwlpQ1aShC2fGIYoIHrAkcBOtEkhHfE6ztTS5mfvuOScXD4AamEev5ZBTwIacEtNQ38+4lE0BcIPFtovqV9LzUNwu2VSvNgG2rVDwt12xNyrWy41SxY9lzFNASjb757g5CGvssACqIUl3HjqCXEAmcCpbm3FixiNAJGbGupgHxmeol89tTfKyVAR6GUlcAeK5+n0iIr9TU93SnT2Csfnsz8S+vG8Ow2kt4EMXAArpYNIwFhhDPgsADLhkFMdWEUMn1rZiOiSQUdFw5HcLXp/h/0ipaTsWqXJcL9foyjiw6REfoBDnoDNXRFWqgJqLoHj2gJ/RspMaj8WK8LlozxnLmAP2A8fYJ+ISUbA==</latexit>

�⌧ s6 = 3

<latexit sha1_base64="YLcXTled6TGLVsuIP+DbgFqPHj4=">AAAB+3icdVDJSgNBEO2JW4zbGI9eGoPgaZhJYkwOQkAPHiOYBTIx9HQ6SZOehe4aMQzzK148KOLVH/Hm39hZBBV9UPB4r4qqel4kuALb/jAyK6tr6xvZzdzW9s7unrmfb6kwlpQ1aShC2fGIYoIHrAkcBOtEkhHfE6ztTS5mfvuOScXD4AamEev5ZBTwIacEtNQ38+4lE0BcIPFtovrF9LzUNwu2VSvNgG2rVDwt12xNyrWy41SxY9lzFNASjb757g5CGvssACqIUl3HjqCXEAmcCpbm3FixiNAJGbGupgHxmeol89tTfKyVAR6GUlcAeK5+n0iIr9TU93SnT2Csfnsz8S+vG8Ow2kt4EMXAArpYNIwFhhDPgsADLhkFMdWEUMn1rZiOiSQUdFw5HcLXp/h/0ipaTsWqXJcL9foyjiw6REfoBDnoDNXRFWqgJqLoHj2gJ/RspMaj8WK8LlozxnLmAP2A8fYJ8miUaA==</latexit>

�⌧ s2 = 3

<latexit sha1_base64="4eAvlEOiK+zF7sbInfbSly9MAKs=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8LbtJ3OQiBLx4jJCXJGuYnUySITO7y8ysEJZ8hRcPinj1c7z5N04eiBoLGoqqbrq7gpgzpR3n01pb39jc2s7sZHf39g8Oc0fHTRUlktAGiXgk2wFWlLOQNjTTnLZjSbEIOG0F4+uZ33qgUrEorOtJTH2BhyEbMIK1ke7q96nqFaZXXi+Xd2yv6BbLReTYpctKpVBCru3M8U3ysEStl/vo9iOSCBpqwrFSHdeJtZ9iqRnhdJrtJorGmIzxkHYMDbGgyk/nB0/RuVH6aBBJU6FGc/XnRIqFUhMRmE6B9Uj99Wbif14n0YOKn7IwTjQNyWLRIOFIR2j2PeozSYnmE0MwkczcisgIS0y0yShrQlh5eZU0C7br2d5tKV+tLuPIwCmcwQW4UIYq3EANGkBAwCM8w4slrSfr1XpbtK5Zy5kT+AXr/Qt3DJA1</latexit>

T s2 = 6

<latexit sha1_base64="BA5uw4p3PJQQTMb6PIU+bqkIwtw=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgKSRFWi9CwYvHCvYD2rRsttt26WYTdidKCf0fXjwo4tX/4s1/47bNQVsfDDzem2FmXhALrtF1v63cxubW9k5+t7C3f3B4VDw+aeooUZQ1aCQi1Q6IZoJL1kCOgrVjxUgYCNYKJrdzv/XIlOaRfMBpzPyQjCQfckrQSL0ukqSX6n51dlN2yv1iyXXcBex14mWkBBnq/eJXdxDRJGQSqSBadzw3Rj8lCjkVbFboJprFhE7IiHUMlSRk2k8XV8/sC6MM7GGkTEm0F+rviZSEWk/DwHSGBMd61ZuL/3mdBIfXfsplnCCTdLlomAgbI3segT3gilEUU0MIVdzcatMxUYSiCapgQvBWX14nzbLjVZzK/VWpVsviyMMZnMMleFCFGtxBHRpAQcEzvMKb9WS9WO/Wx7I1Z2Uzp/AH1ucPiQaR4w==</latexit>

⌧ s7 = 2.2

<latexit sha1_base64="x4/Q/DtCiPLlFOqTH0g8BTiLxw4=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0hsqb0IBS8eK9gPaEPYbDft0s0m7E7EEvtXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMvCDhTIHjfBuFjc2t7Z3ibmlv/+DwyDwud1ScSkLbJOax7AVYUc4EbQMDTnuJpDgKOO0Gk5u5332gUrFY3MM0oV6ER4KFjGDQkm+WB4BTP5N+40n51dl11a75ZsWxnQWsdeLmpIJytHzzazCMSRpRAYRjpfquk4CXYQmMcDorDVJFE0wmeET7mgocUeVli9tn1rlWhlYYS10CrIX6eyLDkVLTKNCdEYaxWvXm4n9eP4Ww4WVMJClQQZaLwpRbEFvzIKwhk5QAn2qCiWT6VouMscQEdFwlHYK7+vI66Vzabt2u39UqzWYeRxGdojN0gVx0hZroFrVQGxH0iJ7RK3ozZsaL8W58LFsLRj5zgv7A+PwB+0iTwQ==</latexit>

⌧r8|s3 = 3.4
<latexit sha1_base64="gAMrQ8NU9CW76nmkWoWUtvpMo6w=">AAAB/nicbVBNS8NAEJ34WetXVDx5CRbBU0jUVi9CwYvHCvYD2hA22027dLMJuxuhxIB/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAsSRqVynG9jaXlldW29tFHe3Nre2TX39lsyTgUmTRyzWHQCJAmjnDQVVYx0EkFQFDDSDkY3E7/9QISkMb9X44R4ERpwGlKMlJZ887CnUOpnws9cN3+UfjW/PrervllxbGcKa5G4BalAgYZvfvX6MU4jwhVmSMqu6yTKy5BQFDOSl3upJAnCIzQgXU05ioj0sun5uXWilb4VxkIXV9ZU/T2RoUjKcRTozgipoZz3JuJ/XjdV4ZWXUZ6kinA8WxSmzFKxNcnC6lNBsGJjTRAWVN9q4SESCCudWFmH4M6/vEhaZ7Zbs2t3F5V6vYijBEdwDKfgwiXU4RYa0AQMGTzDK7wZT8aL8W58zFqXjGLmAP7A+PwBPTGVBA==</latexit>

⌧r11|s5 = 3.5

<latexit sha1_base64="dx+cZ1+y+yomx2C05QpBiJr3tMM=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCq5BoqboQCm5cVrAPaEOYTKft0MkkzEyEGoO/4saFIm79D3f+jdM2C209cOFwzr3ce08QMyqV43wbhaXlldW14nppY3Nre8fc3WvKKBGYNHDEItEOkCSMctJQVDHSjgVBYcBIKxhdT/zWPRGSRvxOjWPihWjAaZ9ipLTkmwddhRI/FX56mT1K/yy7qthV3yw7tjOFtUjcnJQhR903v7q9CCch4QozJGXHdWLlpUgoihnJSt1EkhjhERqQjqYchUR66fT6zDrWSs/qR0IXV9ZU/T2RolDKcRjozhCpoZz3JuJ/XidR/QsvpTxOFOF4tqifMEtF1iQKq0cFwYqNNUFYUH2rhYdIIKx0YCUdgjv/8iJpntpu1a7eVsq1Wh5HEQ7hCE7AhXOowQ3UoQEYHuAZXuHNeDJejHfjY9ZaMPKZffgD4/MH1DaU0Q==</latexit>

⌧r9|s3 = 4.6

<latexit sha1_base64="MQc/FNEIRVQjUAUC9P9UnanKYvI=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUh81G6EghuXFewD2hAm00k7dPJgZiKUGPBX3LhQxK3f4c6/cdpmoa0HLhzOuZd77/ETzqSy7W9jaXlldW29tFHe3Nre2TX39lsyTgWhTRLzWHR8LClnEW0qpjjtJILi0Oe07Y9uJn77gQrJ4uhejRPqhngQsYARrLTkmYc9hVMvE17m2Pmj9M7z60ur5pkV27KnQIvEKUgFCjQ886vXj0ka0kgRjqXsOnai3AwLxQinebmXSppgMsID2tU0wiGVbjY9P0cnWumjIBa6IoWm6u+JDIdSjkNfd4ZYDeW8NxH/87qpCmpuxqIkVTQis0VBypGK0SQL1GeCEsXHmmAimL4VkSEWmCidWFmH4My/vEhaZ5ZTtap3F5V6vYijBEdwDKfgwBXU4RYa0AQCGTzDK7wZT8aL8W58zFqXjGLmAP7A+PwBQCmVBg==</latexit>

⌧r10|s3 = 5.8

Metabolism of extant species
(empirical data)

Species-Reaction Matrix 

Time embedding

Longer cumulative length

Rescaling

Construction of
metabolism-based tree

Output tree

Iteration until
reaching the root

a b

… …

Topology

Parent species
    

<latexit sha1_base64="UP6QXVzUBqOa5pdh//OucHsBBRs=">AAACIXicbZDLSsNAFIYn9VbrLerSzWARXJVEpHYjFNy4rGIv0MQwmU7aoZNkmJkIJeRV3Pgqblwo0p34Mk7aLDT1h4Gf75zDnPP7nFGpLOvLqKytb2xuVbdrO7t7+wfm4VFPxonApItjFouBjyRhNCJdRRUjAy4ICn1G+v70Jq/3n4iQNI4e1IwTN0TjiAYUI6WRZ7acEKkJRiy9zx5T6fHsukRY5mDES1Bknlm3GtZCcNXYhamDQh3PnDujGCchiRRmSMqhbXHlpkgoihnJak4iCUd4isZkqG2EQiLddHFhBs80GcEgFvpFCi7o74kUhVLOQl935ovKci2H/9WGiQpabkojnigS4eVHQcKgimEeFxxRQbBiM20QFlTvCvEECYSVDrWmQ7DLJ6+a3kXDbjaad5f19mURRxWcgFNwDmxwBdrgFnRAF2DwDF7BO/gwXow349OYL1srRjFzDP7I+P4BFaOl6w==</latexit>

Rsp = Rsl \Rsr
<latexit sha1_base64="UP6QXVzUBqOa5pdh//OucHsBBRs=">AAACIXicbZDLSsNAFIYn9VbrLerSzWARXJVEpHYjFNy4rGIv0MQwmU7aoZNkmJkIJeRV3Pgqblwo0p34Mk7aLDT1h4Gf75zDnPP7nFGpLOvLqKytb2xuVbdrO7t7+wfm4VFPxonApItjFouBjyRhNCJdRRUjAy4ICn1G+v70Jq/3n4iQNI4e1IwTN0TjiAYUI6WRZ7acEKkJRiy9zx5T6fHsukRY5mDES1Bknlm3GtZCcNXYhamDQh3PnDujGCchiRRmSMqhbXHlpkgoihnJak4iCUd4isZkqG2EQiLddHFhBs80GcEgFvpFCi7o74kUhVLOQl935ovKci2H/9WGiQpabkojnigS4eVHQcKgimEeFxxRQbBiM20QFlTvCvEECYSVDrWmQ7DLJ6+a3kXDbjaad5f19mURRxWcgFNwDmxwBdrgFnRAF2DwDF7BO/gwXow349OYL1srRjFzDP7I+P4BFaOl6w==</latexit>

Rsp = Rsl \Rsr 

Minimum Jaccard distance

<latexit sha1_base64="c62pb+mYFNsM7r231eqXrL+n7G0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEavFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCet+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq+TxourVqrW7y0rjOo+jCCdwCufgwRU04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8OUo2k</latexit>r8
<latexit sha1_base64="c62pb+mYFNsM7r231eqXrL+n7G0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEavFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCet+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq+TxourVqrW7y0rjOo+jCCdwCufgwRU04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8OUo2k</latexit>r8

<latexit sha1_base64="tbXZrV8MUUXpjyTHZ/OeiRgmhjQ=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxokmEZAmzk9lkyOzMMtMrhCWf4MWDIl79Im/+jZPHQUXBgoaiqpvuriiVwqLvf3iFpeWV1bXiemljc2t7p7y717I6M4w3mZba3EXUcikUb6JAye9Sw2kSSd6ORpdTv33PjRVa3eI45WFCB0rEglF00o3p1XrlSlD1ZyB/kwos0OiV37t9zbKEK2SSWtsJ/BTDnBoUTPJJqZtZnlI2ogPecVTRhNswn506IUdO6ZNYG1cKyUz9OpHTxNpxErnOhOLQ/vSm4m9eJ8P4PMyFSjPkis0XxZkkqMn0b9IXhjOUY0coM8LdStiQGsrQpVP6Xwitk2pQq9auTyv1i0UcRTiAQziGAM6gDlfQgCYwGMADPMGzJ71H78V7nbcWvMXMPnyD9/YJD6+NpQ==</latexit>

r6
<latexit sha1_base64="tbXZrV8MUUXpjyTHZ/OeiRgmhjQ=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxokmEZAmzk9lkyOzMMtMrhCWf4MWDIl79Im/+jZPHQUXBgoaiqpvuriiVwqLvf3iFpeWV1bXiemljc2t7p7y717I6M4w3mZba3EXUcikUb6JAye9Sw2kSSd6ORpdTv33PjRVa3eI45WFCB0rEglF00o3p1XrlSlD1ZyB/kwos0OiV37t9zbKEK2SSWtsJ/BTDnBoUTPJJqZtZnlI2ogPecVTRhNswn506IUdO6ZNYG1cKyUz9OpHTxNpxErnOhOLQ/vSm4m9eJ8P4PMyFSjPkis0XxZkkqMn0b9IXhjOUY0coM8LdStiQGsrQpVP6Xwitk2pQq9auTyv1i0UcRTiAQziGAM6gDlfQgCYwGMADPMGzJ71H78V7nbcWvMXMPnyD9/YJD6+NpQ==</latexit>

r6

<latexit sha1_base64="FYI3UtVHvdI46zQkndn0cgreS9M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWvFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV8njRdWrVWt3l5XGdR5HEU7gFM7Bgzo04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8Mzo2j</latexit>r7
<latexit sha1_base64="FYI3UtVHvdI46zQkndn0cgreS9M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWvFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV8njRdWrVWt3l5XGdR5HEU7gFM7Bgzo04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8Mzo2j</latexit>r7

<latexit sha1_base64="m9U9kxat0YkSVJV0izUdEIxD9V4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mI1B4LXjxWsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurO9/e4WNza3tneJuaW//4PCofHzSNirVlLWoEkp3Q2KY4JK1LLeCdRPNSBwK1gknt3O/88S04Uo+2GnCgpiMJI84JdZJbT3IMJ4NyhW/6i+A1gnOSQVyNAflr/5Q0TRm0lJBjOlhP7FBRrTlVLBZqZ8alhA6ISPWc1SSmJkgW1w7QxdOGaJIaVfSooX6eyIjsTHTOHSdMbFjs+rNxf+8XmqjepBxmaSWSbpcFKUCWYXmr6Mh14xaMXWEUM3drYiOiSbUuoBKLgS8+vI6aV9Vca1au7+uNOp5HEU4g3O4BAw30IA7aEILKDzCM7zCm6e8F+/d+1i2Frx85hT+wPv8ATiTjuI=</latexit>r11
<latexit sha1_base64="m9U9kxat0YkSVJV0izUdEIxD9V4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mI1B4LXjxWsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurO9/e4WNza3tneJuaW//4PCofHzSNirVlLWoEkp3Q2KY4JK1LLeCdRPNSBwK1gknt3O/88S04Uo+2GnCgpiMJI84JdZJbT3IMJ4NyhW/6i+A1gnOSQVyNAflr/5Q0TRm0lJBjOlhP7FBRrTlVLBZqZ8alhA6ISPWc1SSmJkgW1w7QxdOGaJIaVfSooX6eyIjsTHTOHSdMbFjs+rNxf+8XmqjepBxmaSWSbpcFKUCWYXmr6Mh14xaMXWEUM3drYiOiSbUuoBKLgS8+vI6aV9Vca1au7+uNOp5HEU4g3O4BAw30IA7aEILKDzCM7zCm6e8F+/d+1i2Frx85hT+wPv8ATiTjuI=</latexit>r11

<latexit sha1_base64="FYI3UtVHvdI46zQkndn0cgreS9M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWvFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV8njRdWrVWt3l5XGdR5HEU7gFM7Bgzo04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8Mzo2j</latexit>r7
<latexit sha1_base64="FYI3UtVHvdI46zQkndn0cgreS9M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWvFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV8njRdWrVWt3l5XGdR5HEU7gFM7Bgzo04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8Mzo2j</latexit>r7

<latexit sha1_base64="c62pb+mYFNsM7r231eqXrL+n7G0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEavFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCet+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq+TxourVqrW7y0rjOo+jCCdwCufgwRU04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8OUo2k</latexit>r8
<latexit sha1_base64="c62pb+mYFNsM7r231eqXrL+n7G0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEavFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCet+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq+TxourVqrW7y0rjOo+jCCdwCufgwRU04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8OUo2k</latexit>r8

<latexit sha1_base64="zYq0etev4ti8mC2DZQLeUounDeg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxBwDXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q60EW+LNBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY3rYcZkkloqyXJRnHJkFZq/joZMU2L51BFMNHO3IjLGGhPrAiq5EILVl9dJ+6oa1Kq1++tKo57HUYQzOIdLCOAGGnAHTWgBgUd4hld485T34r17H8vWgpfPnMIfeJ8/Nw6O4Q==</latexit>r10
<latexit sha1_base64="zYq0etev4ti8mC2DZQLeUounDeg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxBwDXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q60EW+LNBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY3rYcZkkloqyXJRnHJkFZq/joZMU2L51BFMNHO3IjLGGhPrAiq5EILVl9dJ+6oa1Kq1++tKo57HUYQzOIdLCOAGGnAHTWgBgUd4hld485T34r17H8vWgpfPnMIfeJ8/Nw6O4Q==</latexit>r10

<latexit sha1_base64="zYq0etev4ti8mC2DZQLeUounDeg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxBwDXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q60EW+LNBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY3rYcZkkloqyXJRnHJkFZq/joZMU2L51BFMNHO3IjLGGhPrAiq5EILVl9dJ+6oa1Kq1++tKo57HUYQzOIdLCOAGGnAHTWgBgUd4hld485T34r17H8vWgpfPnMIfeJ8/Nw6O4Q==</latexit>r10
<latexit sha1_base64="zYq0etev4ti8mC2DZQLeUounDeg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxBwDXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q60EW+LNBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY3rYcZkkloqyXJRnHJkFZq/joZMU2L51BFMNHO3IjLGGhPrAiq5EILVl9dJ+6oa1Kq1++tKo57HUYQzOIdLCOAGGnAHTWgBgUd4hld485T34r17H8vWgpfPnMIfeJ8/Nw6O4Q==</latexit>r10

<latexit sha1_base64="tbXZrV8MUUXpjyTHZ/OeiRgmhjQ=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxokmEZAmzk9lkyOzMMtMrhCWf4MWDIl79Im/+jZPHQUXBgoaiqpvuriiVwqLvf3iFpeWV1bXiemljc2t7p7y717I6M4w3mZba3EXUcikUb6JAye9Sw2kSSd6ORpdTv33PjRVa3eI45WFCB0rEglF00o3p1XrlSlD1ZyB/kwos0OiV37t9zbKEK2SSWtsJ/BTDnBoUTPJJqZtZnlI2ogPecVTRhNswn506IUdO6ZNYG1cKyUz9OpHTxNpxErnOhOLQ/vSm4m9eJ8P4PMyFSjPkis0XxZkkqMn0b9IXhjOUY0coM8LdStiQGsrQpVP6Xwitk2pQq9auTyv1i0UcRTiAQziGAM6gDlfQgCYwGMADPMGzJ71H78V7nbcWvMXMPnyD9/YJD6+NpQ==</latexit>

r6
<latexit sha1_base64="tbXZrV8MUUXpjyTHZ/OeiRgmhjQ=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxokmEZAmzk9lkyOzMMtMrhCWf4MWDIl79Im/+jZPHQUXBgoaiqpvuriiVwqLvf3iFpeWV1bXiemljc2t7p7y717I6M4w3mZba3EXUcikUb6JAye9Sw2kSSd6ORpdTv33PjRVa3eI45WFCB0rEglF00o3p1XrlSlD1ZyB/kwos0OiV37t9zbKEK2SSWtsJ/BTDnBoUTPJJqZtZnlI2ogPecVTRhNswn506IUdO6ZNYG1cKyUz9OpHTxNpxErnOhOLQ/vSm4m9eJ8P4PMyFSjPkis0XxZkkqMn0b9IXhjOUY0coM8LdStiQGsrQpVP6Xwitk2pQq9auTyv1i0UcRTiAQziGAM6gDlfQgCYwGMADPMGzJ71H78V7nbcWvMXMPnyD9/YJD6+NpQ==</latexit>

r6
<latexit sha1_base64="9h5Ukm8+lbDuhfTEz1bNINjpymM=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqngqePFYwbSFNpTNdtIu3WzC7kYoob/BiwdFvPqDvPlv3LQ9qCj4YODx3gwz88JUcG1c98MprayurW+UNytb2zu7e9X9g7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyXXhd+5RaZ7IOzNNMYjpSPKIM2qs5KtB7s0G1ZpXd+cgf5MaLNEaVN/7w4RlMUrDBNW657mpCXKqDGcCZ5V+pjGlbEJH2LNU0hh1kM+PnZETqwxJlChb0pC5+nUip7HW0zi0nTE1Y/3TK8TfvF5mossg5zLNDEq2WBRlgpiEFJ+TIVfIjJhaQpni9lbCxlRRZmw+lf+F0D6re4164/a81rxaxlGGIziGU/DgAppwAy3wgQGHB3iCZ0c6j86L87poLTnLmUP4BuftE8yljqw=</latexit>r1
<latexit sha1_base64="9h5Ukm8+lbDuhfTEz1bNINjpymM=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqngqePFYwbSFNpTNdtIu3WzC7kYoob/BiwdFvPqDvPlv3LQ9qCj4YODx3gwz88JUcG1c98MprayurW+UNytb2zu7e9X9g7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyXXhd+5RaZ7IOzNNMYjpSPKIM2qs5KtB7s0G1ZpXd+cgf5MaLNEaVN/7w4RlMUrDBNW657mpCXKqDGcCZ5V+pjGlbEJH2LNU0hh1kM+PnZETqwxJlChb0pC5+nUip7HW0zi0nTE1Y/3TK8TfvF5mossg5zLNDEq2WBRlgpiEFJ+TIVfIjJhaQpni9lbCxlRRZmw+lf+F0D6re4164/a81rxaxlGGIziGU/DgAppwAy3wgQGHB3iCZ0c6j86L87poLTnLmUP4BuftE8yljqw=</latexit>r1

<latexit sha1_base64="lmSyi7gVONK83PAqH7A9TbSx+eg=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0mKtOKp4MVjBdMW2lA22027dLMJuxOhhP4GLx4U8eoP8ua/cftxUFHwwcDjvRlm5oWpFAZd98MprK1vbG4Vt0s7u3v7B+XDo7ZJMs24zxKZ6G5IDZdCcR8FSt5NNadxKHknnFzP/c4910Yk6g6nKQ9iOlIiEoyilXw9yGuzQbniVd0FyN+kAiu0BuX3/jBhWcwVMkmN6XluikFONQom+azUzwxPKZvQEe9ZqmjMTZAvjp2RM6sMSZRoWwrJQv06kdPYmGkc2s6Y4tj89Obib14vw+gyyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp/S/ENq1qlev1m8vKs2rVRxFOIFTOAcPGtCEG2iBDwwEPMATPDvKeXRenNdla8FZzRzDNzhvn84qjq0=</latexit>r2
<latexit sha1_base64="lmSyi7gVONK83PAqH7A9TbSx+eg=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0mKtOKp4MVjBdMW2lA22027dLMJuxOhhP4GLx4U8eoP8ua/cftxUFHwwcDjvRlm5oWpFAZd98MprK1vbG4Vt0s7u3v7B+XDo7ZJMs24zxKZ6G5IDZdCcR8FSt5NNadxKHknnFzP/c4910Yk6g6nKQ9iOlIiEoyilXw9yGuzQbniVd0FyN+kAiu0BuX3/jBhWcwVMkmN6XluikFONQom+azUzwxPKZvQEe9ZqmjMTZAvjp2RM6sMSZRoWwrJQv06kdPYmGkc2s6Y4tj89Obib14vw+gyyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp/S/ENq1qlev1m8vKs2rVRxFOIFTOAcPGtCEG2iBDwwEPMATPDvKeXRenNdla8FZzRzDNzhvn84qjq0=</latexit>r2

<latexit sha1_base64="P2sdKzUE9A3gfeJFKAI/6XivU+Y=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0m0VPFU8OKxgmkLbSib7aZdutmE3YlQQn+DFw+KePUHefPfuP04qCj4YODx3gwz88JUCoOu++EUVlbX1jeKm6Wt7Z3dvfL+QcskmWbcZ4lMdCekhkuhuI8CJe+kmtM4lLwdjq9nfvueayMSdYeTlAcxHSoRCUbRSr7u5+fTfrniVd05yN+kAks0++X33iBhWcwVMkmN6XpuikFONQom+bTUywxPKRvTIe9aqmjMTZDPj52SE6sMSJRoWwrJXP06kdPYmEkc2s6Y4sj89Gbib143w+gyyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp/S/EFpnVa9erd/WKo2rZRxFOIJjOAUPLqABN9AEHxgIeIAneHaU8+i8OK+L1oKznDmEb3DePgHPr46u</latexit>

r3
<latexit sha1_base64="P2sdKzUE9A3gfeJFKAI/6XivU+Y=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0m0VPFU8OKxgmkLbSib7aZdutmE3YlQQn+DFw+KePUHefPfuP04qCj4YODx3gwz88JUCoOu++EUVlbX1jeKm6Wt7Z3dvfL+QcskmWbcZ4lMdCekhkuhuI8CJe+kmtM4lLwdjq9nfvueayMSdYeTlAcxHSoRCUbRSr7u5+fTfrniVd05yN+kAks0++X33iBhWcwVMkmN6XpuikFONQom+bTUywxPKRvTIe9aqmjMTZDPj52SE6sMSJRoWwrJXP06kdPYmEkc2s6Y4sj89Gbib143w+gyyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp/S/EFpnVa9erd/WKo2rZRxFOIJjOAUPLqABN9AEHxgIeIAneHaU8+i8OK+L1oKznDmEb3DePgHPr46u</latexit>

r3

<latexit sha1_base64="qLA8jAuIqINltTQKF+b/UC8yJWM=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0mktOKp4MVjBdMW2lA22027dLMJuxOhhP4GLx4U8eoP8ua/cftxUFHwwcDjvRlm5oWpFAZd98MprK1vbG4Vt0s7u3v7B+XDo7ZJMs24zxKZ6G5IDZdCcR8FSt5NNadxKHknnFzP/c4910Yk6g6nKQ9iOlIiEoyilXw9yGuzQbniVd0FyN+kAiu0BuX3/jBhWcwVMkmN6XluikFONQom+azUzwxPKZvQEe9ZqmjMTZAvjp2RM6sMSZRoWwrJQv06kdPYmGkc2s6Y4tj89Obib14vw+gyyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp/S/ENoXVa9erd/WKs2rVRxFOIFTOAcPGtCEG2iBDwwEPMATPDvKeXRenNdla8FZzRzDNzhvn9E0jq8=</latexit>r4
<latexit sha1_base64="qLA8jAuIqINltTQKF+b/UC8yJWM=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0mktOKp4MVjBdMW2lA22027dLMJuxOhhP4GLx4U8eoP8ua/cftxUFHwwcDjvRlm5oWpFAZd98MprK1vbG4Vt0s7u3v7B+XDo7ZJMs24zxKZ6G5IDZdCcR8FSt5NNadxKHknnFzP/c4910Yk6g6nKQ9iOlIiEoyilXw9yGuzQbniVd0FyN+kAiu0BuX3/jBhWcwVMkmN6XluikFONQom+azUzwxPKZvQEe9ZqmjMTZAvjp2RM6sMSZRoWwrJQv06kdPYmGkc2s6Y4tj89Obib14vw+gyyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp/S/ENoXVa9erd/WKs2rVRxFOIFTOAcPGtCEG2iBDwwEPMATPDvKeXRenNdla8FZzRzDNzhvn9E0jq8=</latexit>r4

<latexit sha1_base64="80qH60GuuQ63cH1IgelPMzYNmhc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxMcp4MVjRPOAZAmzk95kyOzsMjMrhCWf4MWDIl79Im/+jZNkDxotaCiquunuChLBtXHdL6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38z89iMqzWP5YCYJ+hEdSh5yRo2V7lX/ql+uuFV3DvKXeDmpQI5Gv/zZG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWGVAwljZkobM1Z8TGY20nkSB7YyoGellbyb+53VTE176GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsv/yWts6pXq9buziv16zyOIhzBMZyCBxdQh1toQBMYDOEJXuDVEc6z8+a8L1oLTj5zCL/gfHwDD9aNpQ==</latexit>r9
<latexit sha1_base64="80qH60GuuQ63cH1IgelPMzYNmhc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxMcp4MVjRPOAZAmzk95kyOzsMjMrhCWf4MWDIl79Im/+jZNkDxotaCiquunuChLBtXHdL6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38z89iMqzWP5YCYJ+hEdSh5yRo2V7lX/ql+uuFV3DvKXeDmpQI5Gv/zZG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWGVAwljZkobM1Z8TGY20nkSB7YyoGellbyb+53VTE176GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsv/yWts6pXq9buziv16zyOIhzBMZyCBxdQh1toQBMYDOEJXuDVEc6z8+a8L1oLTj5zCL/gfHwDD9aNpQ==</latexit>r9

<latexit sha1_base64="EzrBDWcHMKvQUqe3lzcZE0zPfC0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld0itceCF48V7Ae0S8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfaGNza3tnt7BX3D84PDounZy2jUo1ZS2qhNLdkBgmuGQty61g3UQzEoeCdcLJ7dzvPDFtuJIPdpqwICYjySNOiXVSWw8yvzoblMpexVsArxM/J2XI0RyUvvpDRdOYSUsFMabne4kNMqItp4LNiv3UsITQCRmxnqOSxMwE2eLaGb50yhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb1YOMyyS1TNLloigV2Co8fx0PuWbUiqkjhGrubsV0TDSh1gVUdCH4qy+vk3a14tcqtfvrcqOex1GAc7iAK/DhBhpwB01oAYVHeIZXeEMKvaB39LFs3UD5zBn8Afr8AToYjuM=</latexit>r12
<latexit sha1_base64="EzrBDWcHMKvQUqe3lzcZE0zPfC0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld0itceCF48V7Ae0S8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfaGNza3tnt7BX3D84PDounZy2jUo1ZS2qhNLdkBgmuGQty61g3UQzEoeCdcLJ7dzvPDFtuJIPdpqwICYjySNOiXVSWw8yvzoblMpexVsArxM/J2XI0RyUvvpDRdOYSUsFMabne4kNMqItp4LNiv3UsITQCRmxnqOSxMwE2eLaGb50yhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb1YOMyyS1TNLloigV2Co8fx0PuWbUiqkjhGrubsV0TDSh1gVUdCH4qy+vk3a14tcqtfvrcqOex1GAc7iAK/DhBhpwB01oAYVHeIZXeEMKvaB39LFs3UD5zBn8Afr8AToYjuM=</latexit>r12

<latexit sha1_base64="m9U9kxat0YkSVJV0izUdEIxD9V4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mI1B4LXjxWsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurO9/e4WNza3tneJuaW//4PCofHzSNirVlLWoEkp3Q2KY4JK1LLeCdRPNSBwK1gknt3O/88S04Uo+2GnCgpiMJI84JdZJbT3IMJ4NyhW/6i+A1gnOSQVyNAflr/5Q0TRm0lJBjOlhP7FBRrTlVLBZqZ8alhA6ISPWc1SSmJkgW1w7QxdOGaJIaVfSooX6eyIjsTHTOHSdMbFjs+rNxf+8XmqjepBxmaSWSbpcFKUCWYXmr6Mh14xaMXWEUM3drYiOiSbUuoBKLgS8+vI6aV9Vca1au7+uNOp5HEU4g3O4BAw30IA7aEILKDzCM7zCm6e8F+/d+1i2Frx85hT+wPv8ATiTjuI=</latexit>r11
<latexit sha1_base64="m9U9kxat0YkSVJV0izUdEIxD9V4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mI1B4LXjxWsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurO9/e4WNza3tneJuaW//4PCofHzSNirVlLWoEkp3Q2KY4JK1LLeCdRPNSBwK1gknt3O/88S04Uo+2GnCgpiMJI84JdZJbT3IMJ4NyhW/6i+A1gnOSQVyNAflr/5Q0TRm0lJBjOlhP7FBRrTlVLBZqZ8alhA6ISPWc1SSmJkgW1w7QxdOGaJIaVfSooX6eyIjsTHTOHSdMbFjs+rNxf+8XmqjepBxmaSWSbpcFKUCWYXmr6Mh14xaMXWEUM3drYiOiSbUuoBKLgS8+vI6aV9Vca1au7+uNOp5HEU4g3O4BAw30IA7aEILKDzCM7zCm6e8F+/d+1i2Frx85hT+wPv8ATiTjuI=</latexit>r11

Time  

<latexit sha1_base64="r1ErzPFDTGu2O7EeOwjqBPHux2k="></latexit>s2
<latexit sha1_base64="N+5xNxDT5m1Xg3KQ0etQcj+S7OQ="></latexit>r1
<latexit sha1_base64="N+5xNxDT5m1Xg3KQ0etQcj+S7OQ="></latexit>r1

<latexit sha1_base64="ldmhldAhaBNEmaTns5bWhWhniC0="></latexit>r2
<latexit sha1_base64="ldmhldAhaBNEmaTns5bWhWhniC0="></latexit>r2

<latexit sha1_base64="uQd5XFD2NKhVy4/8unhqAo1lGlA="></latexit>

r3
<latexit sha1_base64="uQd5XFD2NKhVy4/8unhqAo1lGlA="></latexit>

r3
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="zCjjlIrjKG5gbz84OgF9OejYpcw="></latexit>r11
<latexit sha1_base64="zCjjlIrjKG5gbz84OgF9OejYpcw="></latexit>r11

<latexit sha1_base64="WoshVfTLEJkOv44ZAnwn1xKG7Zk="></latexit>r10
<latexit sha1_base64="WoshVfTLEJkOv44ZAnwn1xKG7Zk="></latexit>r10

<latexit sha1_base64="2qC+npkry0tMr+vn83DAdUKqoPc="></latexit>r12
<latexit sha1_base64="2qC+npkry0tMr+vn83DAdUKqoPc="></latexit>r12

<latexit sha1_base64="wiCDXMNZPTOdTTH1TFWIOZ6L0GU="></latexit>s3

<latexit sha1_base64="iwOEAyOG+SJR4DS5yO1hPquypuQ="></latexit>r7
<latexit sha1_base64="iwOEAyOG+SJR4DS5yO1hPquypuQ="></latexit>r7

<latexit sha1_base64="jo41BwOAySki6K770PcDioJlPDw="></latexit>r8
<latexit sha1_base64="jo41BwOAySki6K770PcDioJlPDw="></latexit>r8

<latexit sha1_base64="c4a3FBsXIyrVWqZh+xy5sgxnN+E="></latexit>r9
<latexit sha1_base64="c4a3FBsXIyrVWqZh+xy5sgxnN+E="></latexit>r9

<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="LiCX0Z5hd0IPOGw/+kMNaztITN4="></latexit>

r6
<latexit sha1_base64="LiCX0Z5hd0IPOGw/+kMNaztITN4="></latexit>

r6

<latexit sha1_base64="WoshVfTLEJkOv44ZAnwn1xKG7Zk="></latexit>r10
<latexit sha1_base64="WoshVfTLEJkOv44ZAnwn1xKG7Zk="></latexit>r10

<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="LiCX0Z5hd0IPOGw/+kMNaztITN4="></latexit>

r6
<latexit sha1_base64="LiCX0Z5hd0IPOGw/+kMNaztITN4="></latexit>

r6

<latexit sha1_base64="nsSQ63STG8iKr604eZss/H6y7h0="></latexit>s4

<latexit sha1_base64="2qC+npkry0tMr+vn83DAdUKqoPc="></latexit>r12
<latexit sha1_base64="2qC+npkry0tMr+vn83DAdUKqoPc="></latexit>r12

<latexit sha1_base64="Lk+00mBawvJBLJ2IvNL9TMf2MTQ=">AAAB6nicjVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMYyokmE5Ah7m71kyd7usTsnhCM/wcZCEVt/kZ3/xs1HoaLgg4HHezPMzItSKSz6/odXWFpeWV0rrpc2Nre2d8q7ey2rM8N4k2mpzV1ELZdC8SYKlPwuNZwmkeTtaHQ59dv33Fih1S2OUx4mdKBELBhFJ93YXtArV4KqPwP5m1RggUav/N7ta5YlXCGT1NpO4KcY5tSgYJJPSt3M8pSyER3wjqOKJtyG+ezUCTlySp/E2rhSSGbq14mcJtaOk8h1JhSH9qc3FX/zOhnG52EuVJohV2y+KM4kQU2mf5O+MJyhHDtCmRHuVsKG1FCGLp3S/0JonVSDWrV2fVqpXyziKMIBHMIxBHAGdbiCBjSBwQAe4AmePek9ei/e67y14C1m9uEbvLdPCjuNow==</latexit>s1
<latexit sha1_base64="Lk+00mBawvJBLJ2IvNL9TMf2MTQ=">AAAB6nicjVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMYyokmE5Ah7m71kyd7usTsnhCM/wcZCEVt/kZ3/xs1HoaLgg4HHezPMzItSKSz6/odXWFpeWV0rrpc2Nre2d8q7ey2rM8N4k2mpzV1ELZdC8SYKlPwuNZwmkeTtaHQ59dv33Fih1S2OUx4mdKBELBhFJ93YXtArV4KqPwP5m1RggUav/N7ta5YlXCGT1NpO4KcY5tSgYJJPSt3M8pSyER3wjqOKJtyG+ezUCTlySp/E2rhSSGbq14mcJtaOk8h1JhSH9qc3FX/zOhnG52EuVJohV2y+KM4kQU2mf5O+MJyhHDtCmRHuVsKG1FCGLp3S/0JonVSDWrV2fVqpXyziKMIBHMIxBHAGdbiCBjSBwQAe4AmePek9ei/e67y14C1m9uEbvLdPCjuNow==</latexit>s1

<latexit sha1_base64="BBA393i+BHDM5DnUQVquqAQTnNs=">AAAB6nicjVA9SwNBEJ2LXzF+RS1tFoNgFe6CRAuLgI1lRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZtLChUFHww83pthZl6QCK6N6344hZXVtfWN4mZpa3tnd6+8f9DWcaoYtlgsYtUNqEbBJbYMNwK7iUIaBQI7weRq7nfuUWkeyzszTdCP6EjykDNqrHSrB7VBueJV3Rzkb1KBJZqD8nt/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s/zUGTmxypCEsbIlDcnVrxMZjbSeRoHtjKgZ65/eXPzN66UmvPAzLpPUoGSLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2n9L8Q2rWqV6/Wb84qjctlHEU4gmM4BQ/OoQHX0IQWMBjBAzzBsyOcR+fFeV20FpzlzCF8g/P2CQu/jaQ=</latexit>s2
<latexit sha1_base64="BBA393i+BHDM5DnUQVquqAQTnNs=">AAAB6nicjVA9SwNBEJ2LXzF+RS1tFoNgFe6CRAuLgI1lRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZtLChUFHww83pthZl6QCK6N6344hZXVtfWN4mZpa3tnd6+8f9DWcaoYtlgsYtUNqEbBJbYMNwK7iUIaBQI7weRq7nfuUWkeyzszTdCP6EjykDNqrHSrB7VBueJV3Rzkb1KBJZqD8nt/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s/zUGTmxypCEsbIlDcnVrxMZjbSeRoHtjKgZ65/eXPzN66UmvPAzLpPUoGSLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2n9L8Q2rWqV6/Wb84qjctlHEU4gmM4BQ/OoQHX0IQWMBjBAzzBsyOcR+fFeV20FpzlzCF8g/P2CQu/jaQ=</latexit>s2

<latexit sha1_base64="lTRtJptOWFCo0Hf0/82qJXZk2RY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5UooVFwMYyovmA5Ah7m71kyd7esTsnhCM/wcZCEVt/kZ3/xk1yhUYfDDzem2FmXpBIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvTP++XK27VnYP8JV5OKpCj0S9/9gYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFhlQMJY21JI5urPiYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt++S9pnVW9WrV2d1GpX+dxFOEIjuEUPLiEOtxCA5rAYAhP8AKvjnSenTfnfdFacPKZQ/gF5+MbCN6Nog==</latexit>s3
<latexit sha1_base64="lTRtJptOWFCo0Hf0/82qJXZk2RY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5UooVFwMYyovmA5Ah7m71kyd7esTsnhCM/wcZCEVt/kZ3/xk1yhUYfDDzem2FmXpBIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvTP++XK27VnYP8JV5OKpCj0S9/9gYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFhlQMJY21JI5urPiYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt++S9pnVW9WrV2d1GpX+dxFOEIjuEUPLiEOtxCA5rAYAhP8AKvjnSenTfnfdFacPKZQ/gF5+MbCN6Nog==</latexit>s3

<latexit sha1_base64="sPWcOfDLKlduIyc5W4NLsiCHO+Y=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMYyovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWj2aSoB/RoeQhZ9RY6UH3L/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDaz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqperVq7v6zUb/I4inACp3AOHlxBHe6gAU1gMIRneIU3RzgvzrvzsWgtOPnMMfyB8/kDCmKNow==</latexit>s4
<latexit sha1_base64="sPWcOfDLKlduIyc5W4NLsiCHO+Y=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMYyovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWj2aSoB/RoeQhZ9RY6UH3L/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDaz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqperVq7v6zUb/I4inACp3AOHlxBHe6gAU1gMIRneIU3RzgvzrvzsWgtOPnMMfyB8/kDCmKNow==</latexit>s4

<latexit sha1_base64="b9TYsk/JNioFHe4Ok2P9Vl7pjsU=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eo4VFwMYyovmA5Ah7m71kyd7esTsnhCM/wcZCEVt/kZ3/xk1yhUYfDDzem2FmXpBIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvTv+iXK27VnYP8JV5OKpCj0S9/9gYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFhlQMJY21JI5urPiYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt++S9pnVW9WrV2d16pX+dxFOEIjuEUPLiEOtxCA5rAYAhP8AKvjnSenTfnfdFacPKZQ/gF5+MbC+aNpA==</latexit>s5
<latexit sha1_base64="b9TYsk/JNioFHe4Ok2P9Vl7pjsU=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eo4VFwMYyovmA5Ah7m71kyd7esTsnhCM/wcZCEVt/kZ3/xk1yhUYfDDzem2FmXpBIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvTv+iXK27VnYP8JV5OKpCj0S9/9gYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFhlQMJY21JI5urPiYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt++S9pnVW9WrV2d16pX+dxFOEIjuEUPLiEOtxCA5rAYAhP8AKvjnSenTfnfdFacPKZQ/gF5+MbC+aNpA==</latexit>s5

<latexit sha1_base64="psd6TCK6wcXKngvXKPceSx7UQoQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMYyovmA5Ah7m71kyd7esTsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfvuJayNi9YiThPsRHSoRCkbRSg+mX+uXK27VnYOsEi8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2/vEpaF1WvVq3dX1bqN3kcRTiBUzgHD66gDnfQgCYwGMIzvMKbI50X5935WLQWnHzmGP7A+fwBDWqNpQ==</latexit>s6
<latexit sha1_base64="psd6TCK6wcXKngvXKPceSx7UQoQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMYyovmA5Ah7m71kyd7esTsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfvuJayNi9YiThPsRHSoRCkbRSg+mX+uXK27VnYOsEi8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2/vEpaF1WvVq3dX1bqN3kcRTiBUzgHD66gDnfQgCYwGMIzvMKbI50X5935WLQWnHzmGP7A+fwBDWqNpQ==</latexit>s6

<latexit sha1_base64="usfMtoC44tNJ0MwDLDhSYL7k3Fo=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKxBw8BLx4jGgekCxhdjKbDJmdXWZ6hWXJJ3jxoIhXv8ibf+PkcVBRsKChqOqmuytIpDDouh9OYWV1bX2juFna2t7Z3SvvH7RNnGrGWyyWse4G1HApFG+hQMm7ieY0CiTvBJOrmd+559qIWN1hlnA/oiMlQsEoWunWDOqDcsWrunOQv0kFlmgOyu/9YczSiCtkkhrT89wE/ZxqFEzyaamfGp5QNqEj3rNU0YgbP5+fOiUnVhmSMNa2FJK5+nUip5ExWRTYzoji2Pz0ZuJvXi/FsO7nQiUpcsUWi8JUEozJ7G8yFJozlJkllGlhbyVsTDVlaNMp/S+E9lnVq1VrN+eVxuUyjiIcwTGcggcX0IBraEILGIzgAZ7g2ZHOo/PivC5aC85y5hC+wXn7BBTXjao=</latexit>

s8
<latexit sha1_base64="usfMtoC44tNJ0MwDLDhSYL7k3Fo=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKxBw8BLx4jGgekCxhdjKbDJmdXWZ6hWXJJ3jxoIhXv8ibf+PkcVBRsKChqOqmuytIpDDouh9OYWV1bX2juFna2t7Z3SvvH7RNnGrGWyyWse4G1HApFG+hQMm7ieY0CiTvBJOrmd+559qIWN1hlnA/oiMlQsEoWunWDOqDcsWrunOQv0kFlmgOyu/9YczSiCtkkhrT89wE/ZxqFEzyaamfGp5QNqEj3rNU0YgbP5+fOiUnVhmSMNa2FJK5+nUip5ExWRTYzoji2Pz0ZuJvXi/FsO7nQiUpcsUWi8JUEozJ7G8yFJozlJkllGlhbyVsTDVlaNMp/S+E9lnVq1VrN+eVxuUyjiIcwTGcggcX0IBraEILGIzgAZ7g2ZHOo/PivC5aC85y5hC+wXn7BBTXjao=</latexit>

s8

<latexit sha1_base64="aOX2X9eDbO6MOe+D/8D04JTL0lg=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EEguLgI1lRGMCyRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/Lh0aOOU8WwxWIRq05ANQousWW4EdhJFNIoENgOxjczv/2ESvNYPphJgn5Eh5KHnFFjpXvdr/fLFbfqzkFWiZeTCuRo9stfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mp07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGVn3GZpAYlWywKU0FMTGZ/kwFXyIyYWEKZ4vZWwkZUUWZsOiUbgrf88ip5vKh6tWrt7rLSuM7jKMIJnMI5eFCHBtxCE1rAYAjP8ApvjnBenHfnY9FacPKZY/gD5/MHDu6Npg==</latexit>s7
<latexit sha1_base64="aOX2X9eDbO6MOe+D/8D04JTL0lg=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EEguLgI1lRGMCyRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/Lh0aOOU8WwxWIRq05ANQousWW4EdhJFNIoENgOxjczv/2ESvNYPphJgn5Eh5KHnFFjpXvdr/fLFbfqzkFWiZeTCuRo9stfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mp07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGVn3GZpAYlWywKU0FMTGZ/kwFXyIyYWEKZ4vZWwkZUUWZsOiUbgrf88ip5vKh6tWrt7rLSuM7jKMIJnMI5eFCHBtxCE1rAYAjP8ApvjnBenHfnY9FacPKZY/gD5/MHDu6Npg==</latexit>s7

<latexit sha1_base64="HiyC3JdQt4YuSfKYlJ9sI4LuXvE=">AAAB83icjVDLSgNBEOz1GeMr6tHLYBA8hV2R6MFDwIvHCOYByRpmJ7PJkNmZZaZXCEt+w4sHRbz6M978GyePg4qCBQ1FVTddVJRKYdH3P7yl5ZXVtfXCRnFza3tnt7S337Q6M4w3mJbatCNquRSKN1Cg5O3UcJpEkrei0dXUb91zY4VWtzhOeZjQgRKxYBSd1LV3edckxGiNk16pHFT8GcjfpAwL1Hul925fsyzhCpmk1nYCP8UwpwYFk3xS7GaWp5SN6IB3HFU04TbMZ5kn5NgpfRJr40YhmalfL3KaWDtOIreZUBzan95U/M3rZBhfhLlQaYZcsfmjOJMENZkWQPrCcIZy7AhlRrishA2poQxdTcX/ldA8rQTVSvXmrFy7XNRRgEM4ghMI4BxqcA11aACDFB7gCZ69zHv0XrzX+eqSt7g5gG/w3j4BV2aR4g==</latexit>

sroot
<latexit sha1_base64="HiyC3JdQt4YuSfKYlJ9sI4LuXvE=">AAAB83icjVDLSgNBEOz1GeMr6tHLYBA8hV2R6MFDwIvHCOYByRpmJ7PJkNmZZaZXCEt+w4sHRbz6M978GyePg4qCBQ1FVTddVJRKYdH3P7yl5ZXVtfXCRnFza3tnt7S337Q6M4w3mJbatCNquRSKN1Cg5O3UcJpEkrei0dXUb91zY4VWtzhOeZjQgRKxYBSd1LV3edckxGiNk16pHFT8GcjfpAwL1Hul925fsyzhCpmk1nYCP8UwpwYFk3xS7GaWp5SN6IB3HFU04TbMZ5kn5NgpfRJr40YhmalfL3KaWDtOIreZUBzan95U/M3rZBhfhLlQaYZcsfmjOJMENZkWQPrCcIZy7AhlRrishA2poQxdTcX/ldA8rQTVSvXmrFy7XNRRgEM4ghMI4BxqcA11aACDFB7gCZ69zHv0XrzX+eqSt7g5gG/w3j4BV2aR4g==</latexit>

sroot

<latexit sha1_base64="iwOEAyOG+SJR4DS5yO1hPquypuQ="></latexit>r7
<latexit sha1_base64="iwOEAyOG+SJR4DS5yO1hPquypuQ="></latexit>r7

<latexit sha1_base64="jo41BwOAySki6K770PcDioJlPDw="></latexit>r8
<latexit sha1_base64="jo41BwOAySki6K770PcDioJlPDw="></latexit>r8

<latexit sha1_base64="N+5xNxDT5m1Xg3KQ0etQcj+S7OQ="></latexit>r1
<latexit sha1_base64="N+5xNxDT5m1Xg3KQ0etQcj+S7OQ="></latexit>r1

<latexit sha1_base64="ldmhldAhaBNEmaTns5bWhWhniC0="></latexit>r2
<latexit sha1_base64="ldmhldAhaBNEmaTns5bWhWhniC0="></latexit>r2

<latexit sha1_base64="uQd5XFD2NKhVy4/8unhqAo1lGlA="></latexit>

r3
<latexit sha1_base64="uQd5XFD2NKhVy4/8unhqAo1lGlA="></latexit>

r3
<latexit sha1_base64="LiCX0Z5hd0IPOGw/+kMNaztITN4="></latexit>

r6
<latexit sha1_base64="LiCX0Z5hd0IPOGw/+kMNaztITN4="></latexit>

r6
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5

<latexit sha1_base64="hZ02hijS/lXgFeTNzbG7eiIY6eo="></latexit>s1
<latexit sha1_base64="cnic+3BfGVJ2IROtjpTxDuIXRG8="></latexit>s5

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="WoshVfTLEJkOv44ZAnwn1xKG7Zk="></latexit>r10
<latexit sha1_base64="WoshVfTLEJkOv44ZAnwn1xKG7Zk="></latexit>r10

<latexit sha1_base64="zCjjlIrjKG5gbz84OgF9OejYpcw="></latexit>r11
<latexit sha1_base64="zCjjlIrjKG5gbz84OgF9OejYpcw="></latexit>r11

<latexit sha1_base64="N+5xNxDT5m1Xg3KQ0etQcj+S7OQ="></latexit>r1
<latexit sha1_base64="N+5xNxDT5m1Xg3KQ0etQcj+S7OQ="></latexit>r1

<latexit sha1_base64="ldmhldAhaBNEmaTns5bWhWhniC0="></latexit>r2
<latexit sha1_base64="ldmhldAhaBNEmaTns5bWhWhniC0="></latexit>r2

<latexit sha1_base64="uQd5XFD2NKhVy4/8unhqAo1lGlA="></latexit>

r3
<latexit sha1_base64="uQd5XFD2NKhVy4/8unhqAo1lGlA="></latexit>

r3
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5

<latexit sha1_base64="s+fwTsrXAD7XMMsLKQEwiLz1hPg="></latexit>s6

<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="LiCX0Z5hd0IPOGw/+kMNaztITN4="></latexit>

r6
<latexit sha1_base64="LiCX0Z5hd0IPOGw/+kMNaztITN4="></latexit>

r6

<latexit sha1_base64="ie/ttlkNLUWWkFY1+WnkgpsrPcI="></latexit>s7

<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5

<latexit sha1_base64="1iXypXhRdazMYoxey695jeGIzaw="></latexit>s8

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5

<latexit sha1_base64="SP+I0HSrm01qKV3hmO/fCvLki1k="></latexit>s9 (Root)

<latexit sha1_base64="MzTU5h/qlpBVG0I9db+gJkXQBpg=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/ormU2zbahSXZJsmpZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MOFMG9f9dgorq2vrG8XN0tb2zu5eef+gpeNUEdokMY9VJwRNOZO0aZjhtJMoCiLktB2Orqd++4EqzWJ5Z8YJDQQMJIsYAWOle99A2st8JbCAp0mvXHGr7gx4mXg5qaAcjV75y+/HJBVUGsJB667nJibIQBlGOJ2U/FTTBMgIBrRrqQRBdZDNrp7gE6v0cRQrW9Lgmfp7IgOh9ViEtlOAGepFbyr+53VTE10GGZNJaqgk80VRyrGJ8TQC3GeKEsPHlgBRzN6KyRAUEGODKtkQvMWXl0nrrOrVqrXb80r9Ko+jiI7QMTpFHrpAdXSDGqiJCFLoGb2iN+fReXHenY95a8HJZw7RHzifP7yDkq8=</latexit>⌧max
<latexit sha1_base64="MzTU5h/qlpBVG0I9db+gJkXQBpg=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/ormU2zbahSXZJsmpZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MOFMG9f9dgorq2vrG8XN0tb2zu5eef+gpeNUEdokMY9VJwRNOZO0aZjhtJMoCiLktB2Orqd++4EqzWJ5Z8YJDQQMJIsYAWOle99A2st8JbCAp0mvXHGr7gx4mXg5qaAcjV75y+/HJBVUGsJB667nJibIQBlGOJ2U/FTTBMgIBrRrqQRBdZDNrp7gE6v0cRQrW9Lgmfp7IgOh9ViEtlOAGepFbyr+53VTE10GGZNJaqgk80VRyrGJ8TQC3GeKEsPHlgBRzN6KyRAUEGODKtkQvMWXl0nrrOrVqrXb80r9Ko+jiI7QMTpFHrpAdXSDGqiJCFLoGb2iN+fReXHenY95a8HJZw7RHzifP7yDkq8=</latexit>⌧max=7
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<latexit sha1_base64="acXhSmNfHuAYX7s7pd4DXTCjSmM=">AAAB/3icdVDJSgNBEO1xjXGLCl68NAbB0zCTxJgchIAePEYwCyTD0NPpSZr0LHTXCGGSg7/ixYMiXv0Nb/6NnUVQ0QcFj/eqqKrnxYIrsKwPY2l5ZXVtPbOR3dza3tnN7e03VZRIyho0EpFse0QxwUPWAA6CtWPJSOAJ1vKGl1O/dcek4lF4C6OYOQHph9znlICW3Nxh94oJIF0giZtKtzxWrj25sN1c3jKrxSmwZRYLZ6WqpUmpWrLtCrZNa4Y8WqDu5t67vYgmAQuBCqJUx7ZicFIigVPBJtluolhM6JD0WUfTkARMOens/gk+0UoP+5HUFQKeqd8nUhIoNQo83RkQGKjf3lT8y+sk4FeclIdxAiyk80V+IjBEeBoG7nHJKIiRJoRKrm/FdEAkoaAjy+oQvj7F/5NmwbTLZvmmlK/VFnFk0BE6RqfIRueohq5RHTUQRWP0gJ7Qs3FvPBovxuu8dclYzBygHzDePgHtMZYR</latexit>

�⌧r6|s1 = 1

<latexit sha1_base64="6RGUv/t6c8T6eE9SREpib7mYBzQ=">AAAB/3icdVDJSgNBEO2JW4xbVPDipTEInoaZZMxyEAJ68BjBLJCEoafTSZr0LHTXCGGSg7/ixYMiXv0Nb/6NnUVQ0QcFj/eqqKrnRYIrsKwPI7Wyura+kd7MbG3v7O5l9w8aKowlZXUailC2PKKY4AGrAwfBWpFkxPcEa3qjy5nfvGNS8TC4hXHEuj4ZBLzPKQEtudmjzhUTQDpAYjeRbmmiXHt6YbvZnGVWCjNgyyzkz52KpYlTcWy7jG3TmiOHlqi52fdOL6SxzwKggijVtq0IugmRwKlg00wnViwidEQGrK1pQHymusn8/ik+1UoP90OpKwA8V79PJMRXaux7utMnMFS/vZn4l9eOoV/uJjyIYmABXSzqxwJDiGdh4B6XjIIYa0Ko5PpWTIdEEgo6sowO4etT/D9p5E27aBZvnFy1uowjjY7RCTpDNiqhKrpGNVRHFE3QA3pCz8a98Wi8GK+L1pSxnDlEP2C8fQLuvJYS</latexit>

�⌧r7|s1 = 1

<latexit sha1_base64="hW4yKiSmCLUSbuIGActjCFWCLGs=">AAACBHicdVDLSgNBEJz1GeMr6jGXwSB4WnaTGJODENCDxwjmAdmwzE4myZDZBzO9Qlhz8OKvePGgiFc/wpt/42wSQUULGoqqbrq7vEhwBZb1YSwtr6yurWc2sptb2zu7ub39lgpjSVmThiKUHY8oJnjAmsBBsE4kGfE9wdre+Dz12zdMKh4G1zCJWM8nw4APOCWgJTeXdy6YAOIAid1EuoltTW+VW5qe2WbRzRUss1ZKgS2zVDwp1yxNyrWybVexbVozFNACDTf37vRDGvssACqIUl3biqCXEAmcCjbNOrFiEaFjMmRdTQPiM9VLZk9M8ZFW+ngQSl0B4Jn6fSIhvlIT39OdPoGR+u2l4l9eN4ZBtZfwIIqBBXS+aBALDCFOE8F9LhkFMdGEUMn1rZiOiCQUdG5ZHcLXp/h/0iqadsWsXJUL9foijgzKo0N0jGx0iuroEjVQE1F0hx7QE3o27o1H48V4nbcuGYuZA/QDxtsnIp+XyA==</latexit>

�⌧r10|s3 = 1.2

<latexit sha1_base64="L0iA2s2T0+r4Xe4dhCZ0jLNto80=">AAACA3icdVDLSgNBEJyNrxhfUW96GQyCp2U3iTE5CAE9eIxgEiEJy+xkNhky+2CmVwhrwIu/4sWDIl79CW/+jbNJBBUtaCiquunuciPBFVjWh5FZWFxaXsmu5tbWNza38ts7LRXGkrImDUUor12imOABawIHwa4jyYjvCtZ2R2ep375hUvEwuIJxxHo+GQTc45SAlpz8XvecCSBdILGTSCepTW6VU5qc2mbRyRcss1ZKgS2zVDwu1yxNyrWybVexbVpTFNAcDSf/3u2HNPZZAFQQpTq2FUEvIRI4FWyS68aKRYSOyIB1NA2Iz1Qvmf4wwYda6WMvlLoCwFP1+0RCfKXGvqs7fQJD9dtLxb+8TgxetZfwIIqBBXS2yIsFhhCngeA+l4yCGGtCqOT6VkyHRBIKOracDuHrU/w/aRVNu2JWLsuFen0eRxbtowN0hGx0guroAjVQE1F0hx7QE3o27o1H48V4nbVmjPnMLvoB4+0TuOiXlg==</latexit>

�⌧r9|s3 = 1.2
<latexit sha1_base64="wUWuoUfTY5CP6U/9VYF0hj9ca9w=">AAACBHicdVDJSgNBEO2JW4xb1GMujUHwNMwkk5gchIAePEYwCyRh6Ol0kiY9C901Qhhz8OKvePGgiFc/wpt/Y2cRVPRBweO9KqrqeZHgCizrw0itrK6tb6Q3M1vbO7t72f2DpgpjSVmDhiKUbY8oJnjAGsBBsHYkGfE9wVre+Hzmt26YVDwMrmESsZ5PhgEfcEpAS242171gAkgXSOwm0k1se3qr3NL0rGiW3GzeMqvFGbBlFgslp2pp4lQd265g27TmyKMl6m72vdsPaeyzAKggSnVsK4JeQiRwKtg0040ViwgdkyHraBoQn6leMn9iio+10seDUOoKAM/V7xMJ8ZWa+J7u9AmM1G9vJv7ldWIYVHoJD6IYWEAXiwaxwBDiWSK4zyWjICaaECq5vhXTEZGEgs4to0P4+hT/T5oF0y6b5SsnX6st40ijHDpCJ8hGp6iGLlEdNRBFd+gBPaFn4954NF6M10VryljOHKIfMN4+AS7Xl9A=</latexit>

�⌧r11|s5 = 3.5

<latexit sha1_base64="6kDmifwCFpBY3Pim5zMzOjOsC9k=">AAACBHicdVDJSgNBEO2JW4xb1GMujUHwNMwkk5gchIAePEYwCyRh6Ol0kiY9C901Qhhz8OKvePGgiFc/wpt/Y2cRVPRBweO9KqrqeZHgCizrw0itrK6tb6Q3M1vbO7t72f2DpgpjSVmDhiKUbY8oJnjAGsBBsHYkGfE9wVre+Hzmt26YVDwMrmESsZ5PhgEfcEpAS242171gAkgXSOwm0k1sa3qr3NL0rGiW3GzeMqvFGbBlFgslp2pp4lQd265g27TmyKMl6m72vdsPaeyzAKggSnVsK4JeQiRwKtg0040ViwgdkyHraBoQn6leMn9iio+10seDUOoKAM/V7xMJ8ZWa+J7u9AmM1G9vJv7ldWIYVHoJD6IYWEAXiwaxwBDiWSK4zyWjICaaECq5vhXTEZGEgs4to0P4+hT/T5oF0y6b5SsnX6st40ijHDpCJ8hGp6iGLlEdNRBFd+gBPaFn4954NF6M10VryljOHKIfMN4+AS1Jl88=</latexit>

�⌧r10|s5 = 3.5

<latexit sha1_base64="WuJZ0GsTXWkb0wRHXA340zSYkk4=">AAAB+3icdVDJSgNBEO2JW4zbGI9eGoPgaZhJYkwOQkAPHiOYBTIx9HQ6SZOehe4aMQzzK148KOLVH/Hm39hZBBV9UPB4r4qqel4kuALb/jAyK6tr6xvZzdzW9s7unrmfb6kwlpQ1aShC2fGIYoIHrAkcBOtEkhHfE6ztTS5mfvuOScXD4AamEev5ZBTwIacEtNQ38+4lE0BcIPFtovqV9LzUNwu2VSvNgG2rVDwt12xNyrWy41SxY9lzFNASjb757g5CGvssACqIUl3HjqCXEAmcCpbm3FixiNAJGbGupgHxmeol89tTfKyVAR6GUlcAeK5+n0iIr9TU93SnT2Csfnsz8S+vG8Ow2kt4EMXAArpYNIwFhhDPgsADLhkFMdWEUMn1rZiOiSQUdFw5HcLXp/h/0ipaTsWqXJcL9foyjiw6REfoBDnoDNXRFWqgJqLoHj2gJ/RspMaj8WK8LlozxnLmAP2A8fYJ+ISUbA==</latexit>

�⌧ s6 = 3

<latexit sha1_base64="YLcXTled6TGLVsuIP+DbgFqPHj4=">AAAB+3icdVDJSgNBEO2JW4zbGI9eGoPgaZhJYkwOQkAPHiOYBTIx9HQ6SZOehe4aMQzzK148KOLVH/Hm39hZBBV9UPB4r4qqel4kuALb/jAyK6tr6xvZzdzW9s7unrmfb6kwlpQ1aShC2fGIYoIHrAkcBOtEkhHfE6ztTS5mfvuOScXD4AamEev5ZBTwIacEtNQ38+4lE0BcIPFtovrF9LzUNwu2VSvNgG2rVDwt12xNyrWy41SxY9lzFNASjb757g5CGvssACqIUl3HjqCXEAmcCpbm3FixiNAJGbGupgHxmeol89tTfKyVAR6GUlcAeK5+n0iIr9TU93SnT2Csfnsz8S+vG8Ow2kt4EMXAArpYNIwFhhDPgsADLhkFMdWEUMn1rZiOiSQUdFw5HcLXp/h/0ipaTsWqXJcL9foyjiw6REfoBDnoDNXRFWqgJqLoHj2gJ/RspMaj8WK8LlozxnLmAP2A8fYJ8miUaA==</latexit>

�⌧ s2 = 3

<latexit sha1_base64="4eAvlEOiK+zF7sbInfbSly9MAKs=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8LbtJ3OQiBLx4jJCXJGuYnUySITO7y8ysEJZ8hRcPinj1c7z5N04eiBoLGoqqbrq7gpgzpR3n01pb39jc2s7sZHf39g8Oc0fHTRUlktAGiXgk2wFWlLOQNjTTnLZjSbEIOG0F4+uZ33qgUrEorOtJTH2BhyEbMIK1ke7q96nqFaZXXi+Xd2yv6BbLReTYpctKpVBCru3M8U3ysEStl/vo9iOSCBpqwrFSHdeJtZ9iqRnhdJrtJorGmIzxkHYMDbGgyk/nB0/RuVH6aBBJU6FGc/XnRIqFUhMRmE6B9Uj99Wbif14n0YOKn7IwTjQNyWLRIOFIR2j2PeozSYnmE0MwkczcisgIS0y0yShrQlh5eZU0C7br2d5tKV+tLuPIwCmcwQW4UIYq3EANGkBAwCM8w4slrSfr1XpbtK5Zy5kT+AXr/Qt3DJA1</latexit>

T s2 = 6

<latexit sha1_base64="BA5uw4p3PJQQTMb6PIU+bqkIwtw=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgKSRFWi9CwYvHCvYD2rRsttt26WYTdidKCf0fXjwo4tX/4s1/47bNQVsfDDzem2FmXhALrtF1v63cxubW9k5+t7C3f3B4VDw+aeooUZQ1aCQi1Q6IZoJL1kCOgrVjxUgYCNYKJrdzv/XIlOaRfMBpzPyQjCQfckrQSL0ukqSX6n51dlN2yv1iyXXcBex14mWkBBnq/eJXdxDRJGQSqSBadzw3Rj8lCjkVbFboJprFhE7IiHUMlSRk2k8XV8/sC6MM7GGkTEm0F+rviZSEWk/DwHSGBMd61ZuL/3mdBIfXfsplnCCTdLlomAgbI3segT3gilEUU0MIVdzcatMxUYSiCapgQvBWX14nzbLjVZzK/VWpVsviyMMZnMMleFCFGtxBHRpAQcEzvMKb9WS9WO/Wx7I1Z2Uzp/AH1ucPiQaR4w==</latexit>

⌧ s7 = 2.2

<latexit sha1_base64="x4/Q/DtCiPLlFOqTH0g8BTiLxw4=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0hsqb0IBS8eK9gPaEPYbDft0s0m7E7EEvtXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMvCDhTIHjfBuFjc2t7Z3ibmlv/+DwyDwud1ScSkLbJOax7AVYUc4EbQMDTnuJpDgKOO0Gk5u5332gUrFY3MM0oV6ER4KFjGDQkm+WB4BTP5N+40n51dl11a75ZsWxnQWsdeLmpIJytHzzazCMSRpRAYRjpfquk4CXYQmMcDorDVJFE0wmeET7mgocUeVli9tn1rlWhlYYS10CrIX6eyLDkVLTKNCdEYaxWvXm4n9eP4Ww4WVMJClQQZaLwpRbEFvzIKwhk5QAn2qCiWT6VouMscQEdFwlHYK7+vI66Vzabt2u39UqzWYeRxGdojN0gVx0hZroFrVQGxH0iJ7RK3ozZsaL8W58LFsLRj5zgv7A+PwB+0iTwQ==</latexit>

⌧r8|s3 = 3.4
<latexit sha1_base64="gAMrQ8NU9CW76nmkWoWUtvpMo6w=">AAAB/nicbVBNS8NAEJ34WetXVDx5CRbBU0jUVi9CwYvHCvYD2hA22027dLMJuxuhxIB/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAsSRqVynG9jaXlldW29tFHe3Nre2TX39lsyTgUmTRyzWHQCJAmjnDQVVYx0EkFQFDDSDkY3E7/9QISkMb9X44R4ERpwGlKMlJZ887CnUOpnws9cN3+UfjW/PrervllxbGcKa5G4BalAgYZvfvX6MU4jwhVmSMqu6yTKy5BQFDOSl3upJAnCIzQgXU05ioj0sun5uXWilb4VxkIXV9ZU/T2RoUjKcRTozgipoZz3JuJ/XjdV4ZWXUZ6kinA8WxSmzFKxNcnC6lNBsGJjTRAWVN9q4SESCCudWFmH4M6/vEhaZ7Zbs2t3F5V6vYijBEdwDKfgwiXU4RYa0AQMGTzDK7wZT8aL8W58zFqXjGLmAP7A+PwBPTGVBA==</latexit>

⌧r11|s5 = 3.5

<latexit sha1_base64="dx+cZ1+y+yomx2C05QpBiJr3tMM=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCq5BoqboQCm5cVrAPaEOYTKft0MkkzEyEGoO/4saFIm79D3f+jdM2C209cOFwzr3ce08QMyqV43wbhaXlldW14nppY3Nre8fc3WvKKBGYNHDEItEOkCSMctJQVDHSjgVBYcBIKxhdT/zWPRGSRvxOjWPihWjAaZ9ipLTkmwddhRI/FX56mT1K/yy7qthV3yw7tjOFtUjcnJQhR903v7q9CCch4QozJGXHdWLlpUgoihnJSt1EkhjhERqQjqYchUR66fT6zDrWSs/qR0IXV9ZU/T2RolDKcRjozhCpoZz3JuJ/XidR/QsvpTxOFOF4tqifMEtF1iQKq0cFwYqNNUFYUH2rhYdIIKx0YCUdgjv/8iJpntpu1a7eVsq1Wh5HEQ7hCE7AhXOowQ3UoQEYHuAZXuHNeDJejHfjY9ZaMPKZffgD4/MH1DaU0Q==</latexit>

⌧r9|s3 = 4.6

<latexit sha1_base64="MQc/FNEIRVQjUAUC9P9UnanKYvI=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUh81G6EghuXFewD2hAm00k7dPJgZiKUGPBX3LhQxK3f4c6/cdpmoa0HLhzOuZd77/ETzqSy7W9jaXlldW29tFHe3Nre2TX39lsyTgWhTRLzWHR8LClnEW0qpjjtJILi0Oe07Y9uJn77gQrJ4uhejRPqhngQsYARrLTkmYc9hVMvE17m2Pmj9M7z60ur5pkV27KnQIvEKUgFCjQ886vXj0ka0kgRjqXsOnai3AwLxQinebmXSppgMsID2tU0wiGVbjY9P0cnWumjIBa6IoWm6u+JDIdSjkNfd4ZYDeW8NxH/87qpCmpuxqIkVTQis0VBypGK0SQL1GeCEsXHmmAimL4VkSEWmCidWFmH4My/vEhaZ5ZTtap3F5V6vYijBEdwDKfgwBXU4RYa0AQCGTzDK7wZT8aL8W58zFqXjGLmAP7A+PwBQCmVBg==</latexit>

⌧r10|s3 = 5.8

Metabolism of extant species
(empirical data)

Species-Reaction Matrix 

Time embedding

Longer cumulative length

Rescaling

Construction of
metabolism-based tree

Output tree

Iteration until
reaching the root

a b

… …

Topology

Parent species
    

<latexit sha1_base64="UP6QXVzUBqOa5pdh//OucHsBBRs=">AAACIXicbZDLSsNAFIYn9VbrLerSzWARXJVEpHYjFNy4rGIv0MQwmU7aoZNkmJkIJeRV3Pgqblwo0p34Mk7aLDT1h4Gf75zDnPP7nFGpLOvLqKytb2xuVbdrO7t7+wfm4VFPxonApItjFouBjyRhNCJdRRUjAy4ICn1G+v70Jq/3n4iQNI4e1IwTN0TjiAYUI6WRZ7acEKkJRiy9zx5T6fHsukRY5mDES1Bknlm3GtZCcNXYhamDQh3PnDujGCchiRRmSMqhbXHlpkgoihnJak4iCUd4isZkqG2EQiLddHFhBs80GcEgFvpFCi7o74kUhVLOQl935ovKci2H/9WGiQpabkojnigS4eVHQcKgimEeFxxRQbBiM20QFlTvCvEECYSVDrWmQ7DLJ6+a3kXDbjaad5f19mURRxWcgFNwDmxwBdrgFnRAF2DwDF7BO/gwXow349OYL1srRjFzDP7I+P4BFaOl6w==</latexit>

Rsp = Rsl \Rsr
<latexit sha1_base64="UP6QXVzUBqOa5pdh//OucHsBBRs=">AAACIXicbZDLSsNAFIYn9VbrLerSzWARXJVEpHYjFNy4rGIv0MQwmU7aoZNkmJkIJeRV3Pgqblwo0p34Mk7aLDT1h4Gf75zDnPP7nFGpLOvLqKytb2xuVbdrO7t7+wfm4VFPxonApItjFouBjyRhNCJdRRUjAy4ICn1G+v70Jq/3n4iQNI4e1IwTN0TjiAYUI6WRZ7acEKkJRiy9zx5T6fHsukRY5mDES1Bknlm3GtZCcNXYhamDQh3PnDujGCchiRRmSMqhbXHlpkgoihnJak4iCUd4isZkqG2EQiLddHFhBs80GcEgFvpFCi7o74kUhVLOQl935ovKci2H/9WGiQpabkojnigS4eVHQcKgimEeFxxRQbBiM20QFlTvCvEECYSVDrWmQ7DLJ6+a3kXDbjaad5f19mURRxWcgFNwDmxwBdrgFnRAF2DwDF7BO/gwXow349OYL1srRjFzDP7I+P4BFaOl6w==</latexit>

Rsp = Rsl \Rsr 

Minimum Jaccard distance

<latexit sha1_base64="c62pb+mYFNsM7r231eqXrL+n7G0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEavFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCet+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq+TxourVqrW7y0rjOo+jCCdwCufgwRU04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8OUo2k</latexit>r8
<latexit sha1_base64="c62pb+mYFNsM7r231eqXrL+n7G0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEavFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCet+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq+TxourVqrW7y0rjOo+jCCdwCufgwRU04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8OUo2k</latexit>r8

<latexit sha1_base64="tbXZrV8MUUXpjyTHZ/OeiRgmhjQ=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxokmEZAmzk9lkyOzMMtMrhCWf4MWDIl79Im/+jZPHQUXBgoaiqpvuriiVwqLvf3iFpeWV1bXiemljc2t7p7y717I6M4w3mZba3EXUcikUb6JAye9Sw2kSSd6ORpdTv33PjRVa3eI45WFCB0rEglF00o3p1XrlSlD1ZyB/kwos0OiV37t9zbKEK2SSWtsJ/BTDnBoUTPJJqZtZnlI2ogPecVTRhNswn506IUdO6ZNYG1cKyUz9OpHTxNpxErnOhOLQ/vSm4m9eJ8P4PMyFSjPkis0XxZkkqMn0b9IXhjOUY0coM8LdStiQGsrQpVP6Xwitk2pQq9auTyv1i0UcRTiAQziGAM6gDlfQgCYwGMADPMGzJ71H78V7nbcWvMXMPnyD9/YJD6+NpQ==</latexit>

r6
<latexit sha1_base64="tbXZrV8MUUXpjyTHZ/OeiRgmhjQ=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxokmEZAmzk9lkyOzMMtMrhCWf4MWDIl79Im/+jZPHQUXBgoaiqpvuriiVwqLvf3iFpeWV1bXiemljc2t7p7y717I6M4w3mZba3EXUcikUb6JAye9Sw2kSSd6ORpdTv33PjRVa3eI45WFCB0rEglF00o3p1XrlSlD1ZyB/kwos0OiV37t9zbKEK2SSWtsJ/BTDnBoUTPJJqZtZnlI2ogPecVTRhNswn506IUdO6ZNYG1cKyUz9OpHTxNpxErnOhOLQ/vSm4m9eJ8P4PMyFSjPkis0XxZkkqMn0b9IXhjOUY0coM8LdStiQGsrQpVP6Xwitk2pQq9auTyv1i0UcRTiAQziGAM6gDlfQgCYwGMADPMGzJ71H78V7nbcWvMXMPnyD9/YJD6+NpQ==</latexit>

r6

<latexit sha1_base64="FYI3UtVHvdI46zQkndn0cgreS9M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWvFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV8njRdWrVWt3l5XGdR5HEU7gFM7Bgzo04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8Mzo2j</latexit>r7
<latexit sha1_base64="FYI3UtVHvdI46zQkndn0cgreS9M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWvFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV8njRdWrVWt3l5XGdR5HEU7gFM7Bgzo04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8Mzo2j</latexit>r7

<latexit sha1_base64="m9U9kxat0YkSVJV0izUdEIxD9V4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mI1B4LXjxWsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurO9/e4WNza3tneJuaW//4PCofHzSNirVlLWoEkp3Q2KY4JK1LLeCdRPNSBwK1gknt3O/88S04Uo+2GnCgpiMJI84JdZJbT3IMJ4NyhW/6i+A1gnOSQVyNAflr/5Q0TRm0lJBjOlhP7FBRrTlVLBZqZ8alhA6ISPWc1SSmJkgW1w7QxdOGaJIaVfSooX6eyIjsTHTOHSdMbFjs+rNxf+8XmqjepBxmaSWSbpcFKUCWYXmr6Mh14xaMXWEUM3drYiOiSbUuoBKLgS8+vI6aV9Vca1au7+uNOp5HEU4g3O4BAw30IA7aEILKDzCM7zCm6e8F+/d+1i2Frx85hT+wPv8ATiTjuI=</latexit>r11
<latexit sha1_base64="m9U9kxat0YkSVJV0izUdEIxD9V4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mI1B4LXjxWsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurO9/e4WNza3tneJuaW//4PCofHzSNirVlLWoEkp3Q2KY4JK1LLeCdRPNSBwK1gknt3O/88S04Uo+2GnCgpiMJI84JdZJbT3IMJ4NyhW/6i+A1gnOSQVyNAflr/5Q0TRm0lJBjOlhP7FBRrTlVLBZqZ8alhA6ISPWc1SSmJkgW1w7QxdOGaJIaVfSooX6eyIjsTHTOHSdMbFjs+rNxf+8XmqjepBxmaSWSbpcFKUCWYXmr6Mh14xaMXWEUM3drYiOiSbUuoBKLgS8+vI6aV9Vca1au7+uNOp5HEU4g3O4BAw30IA7aEILKDzCM7zCm6e8F+/d+1i2Frx85hT+wPv8ATiTjuI=</latexit>r11

<latexit sha1_base64="FYI3UtVHvdI46zQkndn0cgreS9M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWvFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV8njRdWrVWt3l5XGdR5HEU7gFM7Bgzo04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8Mzo2j</latexit>r7
<latexit sha1_base64="FYI3UtVHvdI46zQkndn0cgreS9M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWvFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV8njRdWrVWt3l5XGdR5HEU7gFM7Bgzo04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8Mzo2j</latexit>r7

<latexit sha1_base64="c62pb+mYFNsM7r231eqXrL+n7G0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEavFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCet+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq+TxourVqrW7y0rjOo+jCCdwCufgwRU04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8OUo2k</latexit>r8
<latexit sha1_base64="c62pb+mYFNsM7r231eqXrL+n7G0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEavFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCet+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq+TxourVqrW7y0rjOo+jCCdwCufgwRU04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8OUo2k</latexit>r8

<latexit sha1_base64="zYq0etev4ti8mC2DZQLeUounDeg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxBwDXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q60EW+LNBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY3rYcZkkloqyXJRnHJkFZq/joZMU2L51BFMNHO3IjLGGhPrAiq5EILVl9dJ+6oa1Kq1++tKo57HUYQzOIdLCOAGGnAHTWgBgUd4hld485T34r17H8vWgpfPnMIfeJ8/Nw6O4Q==</latexit>r10
<latexit sha1_base64="zYq0etev4ti8mC2DZQLeUounDeg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxBwDXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q60EW+LNBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY3rYcZkkloqyXJRnHJkFZq/joZMU2L51BFMNHO3IjLGGhPrAiq5EILVl9dJ+6oa1Kq1++tKo57HUYQzOIdLCOAGGnAHTWgBgUd4hld485T34r17H8vWgpfPnMIfeJ8/Nw6O4Q==</latexit>r10

<latexit sha1_base64="zYq0etev4ti8mC2DZQLeUounDeg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxBwDXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q60EW+LNBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY3rYcZkkloqyXJRnHJkFZq/joZMU2L51BFMNHO3IjLGGhPrAiq5EILVl9dJ+6oa1Kq1++tKo57HUYQzOIdLCOAGGnAHTWgBgUd4hld485T34r17H8vWgpfPnMIfeJ8/Nw6O4Q==</latexit>r10
<latexit sha1_base64="zYq0etev4ti8mC2DZQLeUounDeg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxBwDXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q60EW+LNBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY3rYcZkkloqyXJRnHJkFZq/joZMU2L51BFMNHO3IjLGGhPrAiq5EILVl9dJ+6oa1Kq1++tKo57HUYQzOIdLCOAGGnAHTWgBgUd4hld485T34r17H8vWgpfPnMIfeJ8/Nw6O4Q==</latexit>r10

<latexit sha1_base64="tbXZrV8MUUXpjyTHZ/OeiRgmhjQ=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxokmEZAmzk9lkyOzMMtMrhCWf4MWDIl79Im/+jZPHQUXBgoaiqpvuriiVwqLvf3iFpeWV1bXiemljc2t7p7y717I6M4w3mZba3EXUcikUb6JAye9Sw2kSSd6ORpdTv33PjRVa3eI45WFCB0rEglF00o3p1XrlSlD1ZyB/kwos0OiV37t9zbKEK2SSWtsJ/BTDnBoUTPJJqZtZnlI2ogPecVTRhNswn506IUdO6ZNYG1cKyUz9OpHTxNpxErnOhOLQ/vSm4m9eJ8P4PMyFSjPkis0XxZkkqMn0b9IXhjOUY0coM8LdStiQGsrQpVP6Xwitk2pQq9auTyv1i0UcRTiAQziGAM6gDlfQgCYwGMADPMGzJ71H78V7nbcWvMXMPnyD9/YJD6+NpQ==</latexit>

r6
<latexit sha1_base64="tbXZrV8MUUXpjyTHZ/OeiRgmhjQ=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxokmEZAmzk9lkyOzMMtMrhCWf4MWDIl79Im/+jZPHQUXBgoaiqpvuriiVwqLvf3iFpeWV1bXiemljc2t7p7y717I6M4w3mZba3EXUcikUb6JAye9Sw2kSSd6ORpdTv33PjRVa3eI45WFCB0rEglF00o3p1XrlSlD1ZyB/kwos0OiV37t9zbKEK2SSWtsJ/BTDnBoUTPJJqZtZnlI2ogPecVTRhNswn506IUdO6ZNYG1cKyUz9OpHTxNpxErnOhOLQ/vSm4m9eJ8P4PMyFSjPkis0XxZkkqMn0b9IXhjOUY0coM8LdStiQGsrQpVP6Xwitk2pQq9auTyv1i0UcRTiAQziGAM6gDlfQgCYwGMADPMGzJ71H78V7nbcWvMXMPnyD9/YJD6+NpQ==</latexit>

r6
<latexit sha1_base64="9h5Ukm8+lbDuhfTEz1bNINjpymM=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqngqePFYwbSFNpTNdtIu3WzC7kYoob/BiwdFvPqDvPlv3LQ9qCj4YODx3gwz88JUcG1c98MprayurW+UNytb2zu7e9X9g7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyXXhd+5RaZ7IOzNNMYjpSPKIM2qs5KtB7s0G1ZpXd+cgf5MaLNEaVN/7w4RlMUrDBNW657mpCXKqDGcCZ5V+pjGlbEJH2LNU0hh1kM+PnZETqwxJlChb0pC5+nUip7HW0zi0nTE1Y/3TK8TfvF5mossg5zLNDEq2WBRlgpiEFJ+TIVfIjJhaQpni9lbCxlRRZmw+lf+F0D6re4164/a81rxaxlGGIziGU/DgAppwAy3wgQGHB3iCZ0c6j86L87poLTnLmUP4BuftE8yljqw=</latexit>r1
<latexit sha1_base64="9h5Ukm8+lbDuhfTEz1bNINjpymM=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqngqePFYwbSFNpTNdtIu3WzC7kYoob/BiwdFvPqDvPlv3LQ9qCj4YODx3gwz88JUcG1c98MprayurW+UNytb2zu7e9X9g7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyXXhd+5RaZ7IOzNNMYjpSPKIM2qs5KtB7s0G1ZpXd+cgf5MaLNEaVN/7w4RlMUrDBNW657mpCXKqDGcCZ5V+pjGlbEJH2LNU0hh1kM+PnZETqwxJlChb0pC5+nUip7HW0zi0nTE1Y/3TK8TfvF5mossg5zLNDEq2WBRlgpiEFJ+TIVfIjJhaQpni9lbCxlRRZmw+lf+F0D6re4164/a81rxaxlGGIziGU/DgAppwAy3wgQGHB3iCZ0c6j86L87poLTnLmUP4BuftE8yljqw=</latexit>r1

<latexit sha1_base64="lmSyi7gVONK83PAqH7A9TbSx+eg=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0mKtOKp4MVjBdMW2lA22027dLMJuxOhhP4GLx4U8eoP8ua/cftxUFHwwcDjvRlm5oWpFAZd98MprK1vbG4Vt0s7u3v7B+XDo7ZJMs24zxKZ6G5IDZdCcR8FSt5NNadxKHknnFzP/c4910Yk6g6nKQ9iOlIiEoyilXw9yGuzQbniVd0FyN+kAiu0BuX3/jBhWcwVMkmN6XluikFONQom+azUzwxPKZvQEe9ZqmjMTZAvjp2RM6sMSZRoWwrJQv06kdPYmGkc2s6Y4tj89Obib14vw+gyyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp/S/ENq1qlev1m8vKs2rVRxFOIFTOAcPGtCEG2iBDwwEPMATPDvKeXRenNdla8FZzRzDNzhvn84qjq0=</latexit>r2
<latexit sha1_base64="lmSyi7gVONK83PAqH7A9TbSx+eg=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0mKtOKp4MVjBdMW2lA22027dLMJuxOhhP4GLx4U8eoP8ua/cftxUFHwwcDjvRlm5oWpFAZd98MprK1vbG4Vt0s7u3v7B+XDo7ZJMs24zxKZ6G5IDZdCcR8FSt5NNadxKHknnFzP/c4910Yk6g6nKQ9iOlIiEoyilXw9yGuzQbniVd0FyN+kAiu0BuX3/jBhWcwVMkmN6XluikFONQom+azUzwxPKZvQEe9ZqmjMTZAvjp2RM6sMSZRoWwrJQv06kdPYmGkc2s6Y4tj89Obib14vw+gyyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp/S/ENq1qlev1m8vKs2rVRxFOIFTOAcPGtCEG2iBDwwEPMATPDvKeXRenNdla8FZzRzDNzhvn84qjq0=</latexit>r2

<latexit sha1_base64="P2sdKzUE9A3gfeJFKAI/6XivU+Y=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0m0VPFU8OKxgmkLbSib7aZdutmE3YlQQn+DFw+KePUHefPfuP04qCj4YODx3gwz88JUCoOu++EUVlbX1jeKm6Wt7Z3dvfL+QcskmWbcZ4lMdCekhkuhuI8CJe+kmtM4lLwdjq9nfvueayMSdYeTlAcxHSoRCUbRSr7u5+fTfrniVd05yN+kAks0++X33iBhWcwVMkmN6XpuikFONQom+bTUywxPKRvTIe9aqmjMTZDPj52SE6sMSJRoWwrJXP06kdPYmEkc2s6Y4sj89Gbib143w+gyyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp/S/EFpnVa9erd/WKo2rZRxFOIJjOAUPLqABN9AEHxgIeIAneHaU8+i8OK+L1oKznDmEb3DePgHPr46u</latexit>

r3
<latexit sha1_base64="P2sdKzUE9A3gfeJFKAI/6XivU+Y=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0m0VPFU8OKxgmkLbSib7aZdutmE3YlQQn+DFw+KePUHefPfuP04qCj4YODx3gwz88JUCoOu++EUVlbX1jeKm6Wt7Z3dvfL+QcskmWbcZ4lMdCekhkuhuI8CJe+kmtM4lLwdjq9nfvueayMSdYeTlAcxHSoRCUbRSr7u5+fTfrniVd05yN+kAks0++X33iBhWcwVMkmN6XpuikFONQom+bTUywxPKRvTIe9aqmjMTZDPj52SE6sMSJRoWwrJXP06kdPYmEkc2s6Y4sj89Gbib143w+gyyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp/S/EFpnVa9erd/WKo2rZRxFOIJjOAUPLqABN9AEHxgIeIAneHaU8+i8OK+L1oKznDmEb3DePgHPr46u</latexit>

r3

<latexit sha1_base64="qLA8jAuIqINltTQKF+b/UC8yJWM=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0mktOKp4MVjBdMW2lA22027dLMJuxOhhP4GLx4U8eoP8ua/cftxUFHwwcDjvRlm5oWpFAZd98MprK1vbG4Vt0s7u3v7B+XDo7ZJMs24zxKZ6G5IDZdCcR8FSt5NNadxKHknnFzP/c4910Yk6g6nKQ9iOlIiEoyilXw9yGuzQbniVd0FyN+kAiu0BuX3/jBhWcwVMkmN6XluikFONQom+azUzwxPKZvQEe9ZqmjMTZAvjp2RM6sMSZRoWwrJQv06kdPYmGkc2s6Y4tj89Obib14vw+gyyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp/S/ENoXVa9erd/WKs2rVRxFOIFTOAcPGtCEG2iBDwwEPMATPDvKeXRenNdla8FZzRzDNzhvn9E0jq8=</latexit>r4
<latexit sha1_base64="qLA8jAuIqINltTQKF+b/UC8yJWM=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0mktOKp4MVjBdMW2lA22027dLMJuxOhhP4GLx4U8eoP8ua/cftxUFHwwcDjvRlm5oWpFAZd98MprK1vbG4Vt0s7u3v7B+XDo7ZJMs24zxKZ6G5IDZdCcR8FSt5NNadxKHknnFzP/c4910Yk6g6nKQ9iOlIiEoyilXw9yGuzQbniVd0FyN+kAiu0BuX3/jBhWcwVMkmN6XluikFONQom+azUzwxPKZvQEe9ZqmjMTZAvjp2RM6sMSZRoWwrJQv06kdPYmGkc2s6Y4tj89Obib14vw+gyyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp/S/ENoXVa9erd/WKs2rVRxFOIFTOAcPGtCEG2iBDwwEPMATPDvKeXRenNdla8FZzRzDNzhvn9E0jq8=</latexit>r4

<latexit sha1_base64="80qH60GuuQ63cH1IgelPMzYNmhc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxMcp4MVjRPOAZAmzk95kyOzsMjMrhCWf4MWDIl79Im/+jZNkDxotaCiquunuChLBtXHdL6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38z89iMqzWP5YCYJ+hEdSh5yRo2V7lX/ql+uuFV3DvKXeDmpQI5Gv/zZG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWGVAwljZkobM1Z8TGY20nkSB7YyoGellbyb+53VTE176GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsv/yWts6pXq9buziv16zyOIhzBMZyCBxdQh1toQBMYDOEJXuDVEc6z8+a8L1oLTj5zCL/gfHwDD9aNpQ==</latexit>r9
<latexit sha1_base64="80qH60GuuQ63cH1IgelPMzYNmhc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxMcp4MVjRPOAZAmzk95kyOzsMjMrhCWf4MWDIl79Im/+jZNkDxotaCiquunuChLBtXHdL6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38z89iMqzWP5YCYJ+hEdSh5yRo2V7lX/ql+uuFV3DvKXeDmpQI5Gv/zZG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWGVAwljZkobM1Z8TGY20nkSB7YyoGellbyb+53VTE176GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsv/yWts6pXq9buziv16zyOIhzBMZyCBxdQh1toQBMYDOEJXuDVEc6z8+a8L1oLTj5zCL/gfHwDD9aNpQ==</latexit>r9

<latexit sha1_base64="EzrBDWcHMKvQUqe3lzcZE0zPfC0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld0itceCF48V7Ae0S8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfaGNza3tnt7BX3D84PDounZy2jUo1ZS2qhNLdkBgmuGQty61g3UQzEoeCdcLJ7dzvPDFtuJIPdpqwICYjySNOiXVSWw8yvzoblMpexVsArxM/J2XI0RyUvvpDRdOYSUsFMabne4kNMqItp4LNiv3UsITQCRmxnqOSxMwE2eLaGb50yhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb1YOMyyS1TNLloigV2Co8fx0PuWbUiqkjhGrubsV0TDSh1gVUdCH4qy+vk3a14tcqtfvrcqOex1GAc7iAK/DhBhpwB01oAYVHeIZXeEMKvaB39LFs3UD5zBn8Afr8AToYjuM=</latexit>r12
<latexit sha1_base64="EzrBDWcHMKvQUqe3lzcZE0zPfC0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld0itceCF48V7Ae0S8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfaGNza3tnt7BX3D84PDounZy2jUo1ZS2qhNLdkBgmuGQty61g3UQzEoeCdcLJ7dzvPDFtuJIPdpqwICYjySNOiXVSWw8yvzoblMpexVsArxM/J2XI0RyUvvpDRdOYSUsFMabne4kNMqItp4LNiv3UsITQCRmxnqOSxMwE2eLaGb50yhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb1YOMyyS1TNLloigV2Co8fx0PuWbUiqkjhGrubsV0TDSh1gVUdCH4qy+vk3a14tcqtfvrcqOex1GAc7iAK/DhBhpwB01oAYVHeIZXeEMKvaB39LFs3UD5zBn8Afr8AToYjuM=</latexit>r12

<latexit sha1_base64="m9U9kxat0YkSVJV0izUdEIxD9V4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mI1B4LXjxWsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurO9/e4WNza3tneJuaW//4PCofHzSNirVlLWoEkp3Q2KY4JK1LLeCdRPNSBwK1gknt3O/88S04Uo+2GnCgpiMJI84JdZJbT3IMJ4NyhW/6i+A1gnOSQVyNAflr/5Q0TRm0lJBjOlhP7FBRrTlVLBZqZ8alhA6ISPWc1SSmJkgW1w7QxdOGaJIaVfSooX6eyIjsTHTOHSdMbFjs+rNxf+8XmqjepBxmaSWSbpcFKUCWYXmr6Mh14xaMXWEUM3drYiOiSbUuoBKLgS8+vI6aV9Vca1au7+uNOp5HEU4g3O4BAw30IA7aEILKDzCM7zCm6e8F+/d+1i2Frx85hT+wPv8ATiTjuI=</latexit>r11
<latexit sha1_base64="m9U9kxat0YkSVJV0izUdEIxD9V4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mI1B4LXjxWsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurO9/e4WNza3tneJuaW//4PCofHzSNirVlLWoEkp3Q2KY4JK1LLeCdRPNSBwK1gknt3O/88S04Uo+2GnCgpiMJI84JdZJbT3IMJ4NyhW/6i+A1gnOSQVyNAflr/5Q0TRm0lJBjOlhP7FBRrTlVLBZqZ8alhA6ISPWc1SSmJkgW1w7QxdOGaJIaVfSooX6eyIjsTHTOHSdMbFjs+rNxf+8XmqjepBxmaSWSbpcFKUCWYXmr6Mh14xaMXWEUM3drYiOiSbUuoBKLgS8+vI6aV9Vca1au7+uNOp5HEU4g3O4BAw30IA7aEILKDzCM7zCm6e8F+/d+1i2Frx85hT+wPv8ATiTjuI=</latexit>r11

Time  



The parent keeps the shared metabolism

Shared reactions define the ancestral core; differences define branch-level recruitment events. 



Evolutionary time

<latexit sha1_base64="r1ErzPFDTGu2O7EeOwjqBPHux2k="></latexit>s2
<latexit sha1_base64="N+5xNxDT5m1Xg3KQ0etQcj+S7OQ="></latexit>r1
<latexit sha1_base64="N+5xNxDT5m1Xg3KQ0etQcj+S7OQ="></latexit>r1

<latexit sha1_base64="ldmhldAhaBNEmaTns5bWhWhniC0="></latexit>r2
<latexit sha1_base64="ldmhldAhaBNEmaTns5bWhWhniC0="></latexit>r2

<latexit sha1_base64="uQd5XFD2NKhVy4/8unhqAo1lGlA="></latexit>

r3
<latexit sha1_base64="uQd5XFD2NKhVy4/8unhqAo1lGlA="></latexit>

r3
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="zCjjlIrjKG5gbz84OgF9OejYpcw="></latexit>r11
<latexit sha1_base64="zCjjlIrjKG5gbz84OgF9OejYpcw="></latexit>r11

<latexit sha1_base64="WoshVfTLEJkOv44ZAnwn1xKG7Zk="></latexit>r10
<latexit sha1_base64="WoshVfTLEJkOv44ZAnwn1xKG7Zk="></latexit>r10

<latexit sha1_base64="2qC+npkry0tMr+vn83DAdUKqoPc="></latexit>r12
<latexit sha1_base64="2qC+npkry0tMr+vn83DAdUKqoPc="></latexit>r12

<latexit sha1_base64="wiCDXMNZPTOdTTH1TFWIOZ6L0GU="></latexit>s3

<latexit sha1_base64="iwOEAyOG+SJR4DS5yO1hPquypuQ="></latexit>r7
<latexit sha1_base64="iwOEAyOG+SJR4DS5yO1hPquypuQ="></latexit>r7

<latexit sha1_base64="jo41BwOAySki6K770PcDioJlPDw="></latexit>r8
<latexit sha1_base64="jo41BwOAySki6K770PcDioJlPDw="></latexit>r8

<latexit sha1_base64="c4a3FBsXIyrVWqZh+xy5sgxnN+E="></latexit>r9
<latexit sha1_base64="c4a3FBsXIyrVWqZh+xy5sgxnN+E="></latexit>r9

<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="LiCX0Z5hd0IPOGw/+kMNaztITN4="></latexit>

r6
<latexit sha1_base64="LiCX0Z5hd0IPOGw/+kMNaztITN4="></latexit>

r6

<latexit sha1_base64="WoshVfTLEJkOv44ZAnwn1xKG7Zk="></latexit>r10
<latexit sha1_base64="WoshVfTLEJkOv44ZAnwn1xKG7Zk="></latexit>r10

<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="LiCX0Z5hd0IPOGw/+kMNaztITN4="></latexit>

r6
<latexit sha1_base64="LiCX0Z5hd0IPOGw/+kMNaztITN4="></latexit>

r6

<latexit sha1_base64="nsSQ63STG8iKr604eZss/H6y7h0="></latexit>s4

<latexit sha1_base64="2qC+npkry0tMr+vn83DAdUKqoPc="></latexit>r12
<latexit sha1_base64="2qC+npkry0tMr+vn83DAdUKqoPc="></latexit>r12

<latexit sha1_base64="Lk+00mBawvJBLJ2IvNL9TMf2MTQ=">AAAB6nicjVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMYyokmE5Ah7m71kyd7usTsnhCM/wcZCEVt/kZ3/xs1HoaLgg4HHezPMzItSKSz6/odXWFpeWV0rrpc2Nre2d8q7ey2rM8N4k2mpzV1ELZdC8SYKlPwuNZwmkeTtaHQ59dv33Fih1S2OUx4mdKBELBhFJ93YXtArV4KqPwP5m1RggUav/N7ta5YlXCGT1NpO4KcY5tSgYJJPSt3M8pSyER3wjqOKJtyG+ezUCTlySp/E2rhSSGbq14mcJtaOk8h1JhSH9qc3FX/zOhnG52EuVJohV2y+KM4kQU2mf5O+MJyhHDtCmRHuVsKG1FCGLp3S/0JonVSDWrV2fVqpXyziKMIBHMIxBHAGdbiCBjSBwQAe4AmePek9ei/e67y14C1m9uEbvLdPCjuNow==</latexit>s1
<latexit sha1_base64="Lk+00mBawvJBLJ2IvNL9TMf2MTQ=">AAAB6nicjVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMYyokmE5Ah7m71kyd7usTsnhCM/wcZCEVt/kZ3/xs1HoaLgg4HHezPMzItSKSz6/odXWFpeWV0rrpc2Nre2d8q7ey2rM8N4k2mpzV1ELZdC8SYKlPwuNZwmkeTtaHQ59dv33Fih1S2OUx4mdKBELBhFJ93YXtArV4KqPwP5m1RggUav/N7ta5YlXCGT1NpO4KcY5tSgYJJPSt3M8pSyER3wjqOKJtyG+ezUCTlySp/E2rhSSGbq14mcJtaOk8h1JhSH9qc3FX/zOhnG52EuVJohV2y+KM4kQU2mf5O+MJyhHDtCmRHuVsKG1FCGLp3S/0JonVSDWrV2fVqpXyziKMIBHMIxBHAGdbiCBjSBwQAe4AmePek9ei/e67y14C1m9uEbvLdPCjuNow==</latexit>s1

<latexit sha1_base64="BBA393i+BHDM5DnUQVquqAQTnNs=">AAAB6nicjVA9SwNBEJ2LXzF+RS1tFoNgFe6CRAuLgI1lRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZtLChUFHww83pthZl6QCK6N6344hZXVtfWN4mZpa3tnd6+8f9DWcaoYtlgsYtUNqEbBJbYMNwK7iUIaBQI7weRq7nfuUWkeyzszTdCP6EjykDNqrHSrB7VBueJV3Rzkb1KBJZqD8nt/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s/zUGTmxypCEsbIlDcnVrxMZjbSeRoHtjKgZ65/eXPzN66UmvPAzLpPUoGSLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2n9L8Q2rWqV6/Wb84qjctlHEU4gmM4BQ/OoQHX0IQWMBjBAzzBsyOcR+fFeV20FpzlzCF8g/P2CQu/jaQ=</latexit>s2
<latexit sha1_base64="BBA393i+BHDM5DnUQVquqAQTnNs=">AAAB6nicjVA9SwNBEJ2LXzF+RS1tFoNgFe6CRAuLgI1lRPMByRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZtLChUFHww83pthZl6QCK6N6344hZXVtfWN4mZpa3tnd6+8f9DWcaoYtlgsYtUNqEbBJbYMNwK7iUIaBQI7weRq7nfuUWkeyzszTdCP6EjykDNqrHSrB7VBueJV3Rzkb1KBJZqD8nt/GLM0QmmYoFr3PDcxfkaV4UzgrNRPNSaUTegIe5ZKGqH2s/zUGTmxypCEsbIlDcnVrxMZjbSeRoHtjKgZ65/eXPzN66UmvPAzLpPUoGSLRWEqiInJ/G8y5AqZEVNLKFPc3krYmCrKjE2n9L8Q2rWqV6/Wb84qjctlHEU4gmM4BQ/OoQHX0IQWMBjBAzzBsyOcR+fFeV20FpzlzCF8g/P2CQu/jaQ=</latexit>s2

<latexit sha1_base64="lTRtJptOWFCo0Hf0/82qJXZk2RY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5UooVFwMYyovmA5Ah7m71kyd7esTsnhCM/wcZCEVt/kZ3/xk1yhUYfDDzem2FmXpBIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvTP++XK27VnYP8JV5OKpCj0S9/9gYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFhlQMJY21JI5urPiYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt++S9pnVW9WrV2d1GpX+dxFOEIjuEUPLiEOtxCA5rAYAhP8AKvjnSenTfnfdFacPKZQ/gF5+MbCN6Nog==</latexit>s3
<latexit sha1_base64="lTRtJptOWFCo0Hf0/82qJXZk2RY=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5UooVFwMYyovmA5Ah7m71kyd7esTsnhCM/wcZCEVt/kZ3/xk1yhUYfDDzem2FmXpBIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvTP++XK27VnYP8JV5OKpCj0S9/9gYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFhlQMJY21JI5urPiYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt++S9pnVW9WrV2d1GpX+dxFOEIjuEUPLiEOtxCA5rAYAhP8AKvjnSenTfnfdFacPKZQ/gF5+MbCN6Nog==</latexit>s3

<latexit sha1_base64="sPWcOfDLKlduIyc5W4NLsiCHO+Y=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMYyovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWj2aSoB/RoeQhZ9RY6UH3L/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDaz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqperVq7v6zUb/I4inACp3AOHlxBHe6gAU1gMIRneIU3RzgvzrvzsWgtOPnMMfyB8/kDCmKNow==</latexit>s4
<latexit sha1_base64="sPWcOfDLKlduIyc5W4NLsiCHO+Y=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMYyovmA5Ah7m7lkyd7esbsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+QfnwqKXjVDFssljEqhNQjYJLbBpuBHYShTQKBLaD8e3Mbz+h0jyWj2aSoB/RoeQhZ9RY6UH3L/vlilt15yCrxMtJBXI0+uWv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzU6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDaz7hMUoOSLRaFqSAmJrO/yYArZEZMLKFMcXsrYSOqKDM2nZINwVt+eZW0LqperVq7v6zUb/I4inACp3AOHlxBHe6gAU1gMIRneIU3RzgvzrvzsWgtOPnMMfyB8/kDCmKNow==</latexit>s4

<latexit sha1_base64="b9TYsk/JNioFHe4Ok2P9Vl7pjsU=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eo4VFwMYyovmA5Ah7m71kyd7esTsnhCM/wcZCEVt/kZ3/xk1yhUYfDDzem2FmXpBIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvTv+iXK27VnYP8JV5OKpCj0S9/9gYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFhlQMJY21JI5urPiYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt++S9pnVW9WrV2d16pX+dxFOEIjuEUPLiEOtxCA5rAYAhP8AKvjnSenTfnfdFacPKZQ/gF5+MbC+aNpA==</latexit>s5
<latexit sha1_base64="b9TYsk/JNioFHe4Ok2P9Vl7pjsU=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5Eo4VFwMYyovmA5Ah7m71kyd7esTsnhCM/wcZCEVt/kZ3/xk1yhUYfDDzem2FmXpBIYdB1v5zCyura+kZxs7S1vbO7V94/aJk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxjczv/3ItRGxesBJwv2IDpUIBaNopXvTv+iXK27VnYP8JV5OKpCj0S9/9gYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFhlQMJY21JI5urPiYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt++S9pnVW9WrV2d16pX+dxFOEIjuEUPLiEOtxCA5rAYAhP8AKvjnSenTfnfdFacPKZQ/gF5+MbC+aNpA==</latexit>s5

<latexit sha1_base64="psd6TCK6wcXKngvXKPceSx7UQoQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMYyovmA5Ah7m71kyd7esTsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfvuJayNi9YiThPsRHSoRCkbRSg+mX+uXK27VnYOsEi8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2/vEpaF1WvVq3dX1bqN3kcRTiBUzgHD66gDnfQgCYwGMIzvMKbI50X5935WLQWnHzmGP7A+fwBDWqNpQ==</latexit>s6
<latexit sha1_base64="psd6TCK6wcXKngvXKPceSx7UQoQ=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EooVFwMYyovmA5Ah7m71kyd7esTsnhCM/wcZCEVt/kZ3/xk1yhSY+GHi8N8PMvCCRwqDrfjuFtfWNza3idmlnd2//oHx41DJxqhlvsljGuhNQw6VQvIkCJe8kmtMokLwdjG9nfvuJayNi9YiThPsRHSoRCkbRSg+mX+uXK27VnYOsEi8nFcjR6Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2/vEpaF1WvVq3dX1bqN3kcRTiBUzgHD66gDnfQgCYwGMIzvMKbI50X5935WLQWnHzmGP7A+fwBDWqNpQ==</latexit>s6

<latexit sha1_base64="usfMtoC44tNJ0MwDLDhSYL7k3Fo=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKxBw8BLx4jGgekCxhdjKbDJmdXWZ6hWXJJ3jxoIhXv8ibf+PkcVBRsKChqOqmuytIpDDouh9OYWV1bX2juFna2t7Z3SvvH7RNnGrGWyyWse4G1HApFG+hQMm7ieY0CiTvBJOrmd+559qIWN1hlnA/oiMlQsEoWunWDOqDcsWrunOQv0kFlmgOyu/9YczSiCtkkhrT89wE/ZxqFEzyaamfGp5QNqEj3rNU0YgbP5+fOiUnVhmSMNa2FJK5+nUip5ExWRTYzoji2Pz0ZuJvXi/FsO7nQiUpcsUWi8JUEozJ7G8yFJozlJkllGlhbyVsTDVlaNMp/S+E9lnVq1VrN+eVxuUyjiIcwTGcggcX0IBraEILGIzgAZ7g2ZHOo/PivC5aC85y5hC+wXn7BBTXjao=</latexit>

s8
<latexit sha1_base64="usfMtoC44tNJ0MwDLDhSYL7k3Fo=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKxBw8BLx4jGgekCxhdjKbDJmdXWZ6hWXJJ3jxoIhXv8ibf+PkcVBRsKChqOqmuytIpDDouh9OYWV1bX2juFna2t7Z3SvvH7RNnGrGWyyWse4G1HApFG+hQMm7ieY0CiTvBJOrmd+559qIWN1hlnA/oiMlQsEoWunWDOqDcsWrunOQv0kFlmgOyu/9YczSiCtkkhrT89wE/ZxqFEzyaamfGp5QNqEj3rNU0YgbP5+fOiUnVhmSMNa2FJK5+nUip5ExWRTYzoji2Pz0ZuJvXi/FsO7nQiUpcsUWi8JUEozJ7G8yFJozlJkllGlhbyVsTDVlaNMp/S+E9lnVq1VrN+eVxuUyjiIcwTGcggcX0IBraEILGIzgAZ7g2ZHOo/PivC5aC85y5hC+wXn7BBTXjao=</latexit>

s8

<latexit sha1_base64="aOX2X9eDbO6MOe+D/8D04JTL0lg=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EEguLgI1lRGMCyRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/Lh0aOOU8WwxWIRq05ANQousWW4EdhJFNIoENgOxjczv/2ESvNYPphJgn5Eh5KHnFFjpXvdr/fLFbfqzkFWiZeTCuRo9stfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mp07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGVn3GZpAYlWywKU0FMTGZ/kwFXyIyYWEKZ4vZWwkZUUWZsOiUbgrf88ip5vKh6tWrt7rLSuM7jKMIJnMI5eFCHBtxCE1rAYAjP8ApvjnBenHfnY9FacPKZY/gD5/MHDu6Npg==</latexit>s7
<latexit sha1_base64="aOX2X9eDbO6MOe+D/8D04JTL0lg=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EEguLgI1lRGMCyRH2NnPJkr29Y3dPCEd+go2FIrb+Ijv/jZvkCk18MPB4b4aZeUEiuDau++0U1tY3NreK26Wd3b39g/Lh0aOOU8WwxWIRq05ANQousWW4EdhJFNIoENgOxjczv/2ESvNYPphJgn5Eh5KHnFFjpXvdr/fLFbfqzkFWiZeTCuRo9stfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mp07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGVn3GZpAYlWywKU0FMTGZ/kwFXyIyYWEKZ4vZWwkZUUWZsOiUbgrf88ip5vKh6tWrt7rLSuM7jKMIJnMI5eFCHBtxCE1rAYAjP8ApvjnBenHfnY9FacPKZY/gD5/MHDu6Npg==</latexit>s7

<latexit sha1_base64="HiyC3JdQt4YuSfKYlJ9sI4LuXvE=">AAAB83icjVDLSgNBEOz1GeMr6tHLYBA8hV2R6MFDwIvHCOYByRpmJ7PJkNmZZaZXCEt+w4sHRbz6M978GyePg4qCBQ1FVTddVJRKYdH3P7yl5ZXVtfXCRnFza3tnt7S337Q6M4w3mJbatCNquRSKN1Cg5O3UcJpEkrei0dXUb91zY4VWtzhOeZjQgRKxYBSd1LV3edckxGiNk16pHFT8GcjfpAwL1Hul925fsyzhCpmk1nYCP8UwpwYFk3xS7GaWp5SN6IB3HFU04TbMZ5kn5NgpfRJr40YhmalfL3KaWDtOIreZUBzan95U/M3rZBhfhLlQaYZcsfmjOJMENZkWQPrCcIZy7AhlRrishA2poQxdTcX/ldA8rQTVSvXmrFy7XNRRgEM4ghMI4BxqcA11aACDFB7gCZ69zHv0XrzX+eqSt7g5gG/w3j4BV2aR4g==</latexit>

sroot
<latexit sha1_base64="HiyC3JdQt4YuSfKYlJ9sI4LuXvE=">AAAB83icjVDLSgNBEOz1GeMr6tHLYBA8hV2R6MFDwIvHCOYByRpmJ7PJkNmZZaZXCEt+w4sHRbz6M978GyePg4qCBQ1FVTddVJRKYdH3P7yl5ZXVtfXCRnFza3tnt7S337Q6M4w3mJbatCNquRSKN1Cg5O3UcJpEkrei0dXUb91zY4VWtzhOeZjQgRKxYBSd1LV3edckxGiNk16pHFT8GcjfpAwL1Hul925fsyzhCpmk1nYCP8UwpwYFk3xS7GaWp5SN6IB3HFU04TbMZ5kn5NgpfRJr40YhmalfL3KaWDtOIreZUBzan95U/M3rZBhfhLlQaYZcsfmjOJMENZkWQPrCcIZy7AhlRrishA2poQxdTcX/ldA8rQTVSvXmrFy7XNRRgEM4ghMI4BxqcA11aACDFB7gCZ69zHv0XrzX+eqSt7g5gG/w3j4BV2aR4g==</latexit>

sroot

<latexit sha1_base64="iwOEAyOG+SJR4DS5yO1hPquypuQ="></latexit>r7
<latexit sha1_base64="iwOEAyOG+SJR4DS5yO1hPquypuQ="></latexit>r7

<latexit sha1_base64="jo41BwOAySki6K770PcDioJlPDw="></latexit>r8
<latexit sha1_base64="jo41BwOAySki6K770PcDioJlPDw="></latexit>r8

<latexit sha1_base64="N+5xNxDT5m1Xg3KQ0etQcj+S7OQ="></latexit>r1
<latexit sha1_base64="N+5xNxDT5m1Xg3KQ0etQcj+S7OQ="></latexit>r1

<latexit sha1_base64="ldmhldAhaBNEmaTns5bWhWhniC0="></latexit>r2
<latexit sha1_base64="ldmhldAhaBNEmaTns5bWhWhniC0="></latexit>r2

<latexit sha1_base64="uQd5XFD2NKhVy4/8unhqAo1lGlA="></latexit>

r3
<latexit sha1_base64="uQd5XFD2NKhVy4/8unhqAo1lGlA="></latexit>

r3
<latexit sha1_base64="LiCX0Z5hd0IPOGw/+kMNaztITN4="></latexit>

r6
<latexit sha1_base64="LiCX0Z5hd0IPOGw/+kMNaztITN4="></latexit>

r6
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5

<latexit sha1_base64="hZ02hijS/lXgFeTNzbG7eiIY6eo="></latexit>s1
<latexit sha1_base64="cnic+3BfGVJ2IROtjpTxDuIXRG8="></latexit>s5

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="WoshVfTLEJkOv44ZAnwn1xKG7Zk="></latexit>r10
<latexit sha1_base64="WoshVfTLEJkOv44ZAnwn1xKG7Zk="></latexit>r10

<latexit sha1_base64="zCjjlIrjKG5gbz84OgF9OejYpcw="></latexit>r11
<latexit sha1_base64="zCjjlIrjKG5gbz84OgF9OejYpcw="></latexit>r11

<latexit sha1_base64="N+5xNxDT5m1Xg3KQ0etQcj+S7OQ="></latexit>r1
<latexit sha1_base64="N+5xNxDT5m1Xg3KQ0etQcj+S7OQ="></latexit>r1

<latexit sha1_base64="ldmhldAhaBNEmaTns5bWhWhniC0="></latexit>r2
<latexit sha1_base64="ldmhldAhaBNEmaTns5bWhWhniC0="></latexit>r2

<latexit sha1_base64="uQd5XFD2NKhVy4/8unhqAo1lGlA="></latexit>

r3
<latexit sha1_base64="uQd5XFD2NKhVy4/8unhqAo1lGlA="></latexit>

r3
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5

<latexit sha1_base64="s+fwTsrXAD7XMMsLKQEwiLz1hPg="></latexit>s6

<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="LiCX0Z5hd0IPOGw/+kMNaztITN4="></latexit>

r6
<latexit sha1_base64="LiCX0Z5hd0IPOGw/+kMNaztITN4="></latexit>

r6

<latexit sha1_base64="ie/ttlkNLUWWkFY1+WnkgpsrPcI="></latexit>s7

<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4
<latexit sha1_base64="Rd5zVyQbBGGj/gPNJgiuHYDKtFo="></latexit>r4

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5

<latexit sha1_base64="1iXypXhRdazMYoxey695jeGIzaw="></latexit>s8

<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5
<latexit sha1_base64="M4ou1x9hNgnLRgcWvPn2sSsqyVo="></latexit>

r5

<latexit sha1_base64="SP+I0HSrm01qKV3hmO/fCvLki1k="></latexit>s9 (Root)

<latexit sha1_base64="MzTU5h/qlpBVG0I9db+gJkXQBpg=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/ormU2zbahSXZJsmpZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MOFMG9f9dgorq2vrG8XN0tb2zu5eef+gpeNUEdokMY9VJwRNOZO0aZjhtJMoCiLktB2Orqd++4EqzWJ5Z8YJDQQMJIsYAWOle99A2st8JbCAp0mvXHGr7gx4mXg5qaAcjV75y+/HJBVUGsJB667nJibIQBlGOJ2U/FTTBMgIBrRrqQRBdZDNrp7gE6v0cRQrW9Lgmfp7IgOh9ViEtlOAGepFbyr+53VTE10GGZNJaqgk80VRyrGJ8TQC3GeKEsPHlgBRzN6KyRAUEGODKtkQvMWXl0nrrOrVqrXb80r9Ko+jiI7QMTpFHrpAdXSDGqiJCFLoGb2iN+fReXHenY95a8HJZw7RHzifP7yDkq8=</latexit>⌧max
<latexit sha1_base64="MzTU5h/qlpBVG0I9db+gJkXQBpg=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKVI9FLx4r2A/ormU2zbahSXZJsmpZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MOFMG9f9dgorq2vrG8XN0tb2zu5eef+gpeNUEdokMY9VJwRNOZO0aZjhtJMoCiLktB2Orqd++4EqzWJ5Z8YJDQQMJIsYAWOle99A2st8JbCAp0mvXHGr7gx4mXg5qaAcjV75y+/HJBVUGsJB667nJibIQBlGOJ2U/FTTBMgIBrRrqQRBdZDNrp7gE6v0cRQrW9Lgmfp7IgOh9ViEtlOAGepFbyr+53VTE10GGZNJaqgk80VRyrGJ8TQC3GeKEsPHlgBRzN6KyRAUEGODKtkQvMWXl0nrrOrVqrXb80r9Ko+jiI7QMTpFHrpAdXSDGqiJCFLoGb2iN+fReXHenY95a8HJZw7RHzifP7yDkq8=</latexit>⌧max=7
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<latexit sha1_base64="acXhSmNfHuAYX7s7pd4DXTCjSmM=">AAAB/3icdVDJSgNBEO1xjXGLCl68NAbB0zCTxJgchIAePEYwCyTD0NPpSZr0LHTXCGGSg7/ixYMiXv0Nb/6NnUVQ0QcFj/eqqKrnxYIrsKwPY2l5ZXVtPbOR3dza3tnN7e03VZRIyho0EpFse0QxwUPWAA6CtWPJSOAJ1vKGl1O/dcek4lF4C6OYOQHph9znlICW3Nxh94oJIF0giZtKtzxWrj25sN1c3jKrxSmwZRYLZ6WqpUmpWrLtCrZNa4Y8WqDu5t67vYgmAQuBCqJUx7ZicFIigVPBJtluolhM6JD0WUfTkARMOens/gk+0UoP+5HUFQKeqd8nUhIoNQo83RkQGKjf3lT8y+sk4FeclIdxAiyk80V+IjBEeBoG7nHJKIiRJoRKrm/FdEAkoaAjy+oQvj7F/5NmwbTLZvmmlK/VFnFk0BE6RqfIRueohq5RHTUQRWP0gJ7Qs3FvPBovxuu8dclYzBygHzDePgHtMZYR</latexit>

�⌧r6|s1 = 1

<latexit sha1_base64="6RGUv/t6c8T6eE9SREpib7mYBzQ=">AAAB/3icdVDJSgNBEO2JW4xbVPDipTEInoaZZMxyEAJ68BjBLJCEoafTSZr0LHTXCGGSg7/ixYMiXv0Nb/6NnUVQ0QcFj/eqqKrnRYIrsKwPI7Wyura+kd7MbG3v7O5l9w8aKowlZXUailC2PKKY4AGrAwfBWpFkxPcEa3qjy5nfvGNS8TC4hXHEuj4ZBLzPKQEtudmjzhUTQDpAYjeRbmmiXHt6YbvZnGVWCjNgyyzkz52KpYlTcWy7jG3TmiOHlqi52fdOL6SxzwKggijVtq0IugmRwKlg00wnViwidEQGrK1pQHymusn8/ik+1UoP90OpKwA8V79PJMRXaux7utMnMFS/vZn4l9eOoV/uJjyIYmABXSzqxwJDiGdh4B6XjIIYa0Ko5PpWTIdEEgo6sowO4etT/D9p5E27aBZvnFy1uowjjY7RCTpDNiqhKrpGNVRHFE3QA3pCz8a98Wi8GK+L1pSxnDlEP2C8fQLuvJYS</latexit>

�⌧r7|s1 = 1

<latexit sha1_base64="hW4yKiSmCLUSbuIGActjCFWCLGs=">AAACBHicdVDLSgNBEJz1GeMr6jGXwSB4WnaTGJODENCDxwjmAdmwzE4myZDZBzO9Qlhz8OKvePGgiFc/wpt/42wSQUULGoqqbrq7vEhwBZb1YSwtr6yurWc2sptb2zu7ub39lgpjSVmThiKUHY8oJnjAmsBBsE4kGfE9wdre+Dz12zdMKh4G1zCJWM8nw4APOCWgJTeXdy6YAOIAid1EuoltTW+VW5qe2WbRzRUss1ZKgS2zVDwp1yxNyrWybVexbVozFNACDTf37vRDGvssACqIUl3biqCXEAmcCjbNOrFiEaFjMmRdTQPiM9VLZk9M8ZFW+ngQSl0B4Jn6fSIhvlIT39OdPoGR+u2l4l9eN4ZBtZfwIIqBBXS+aBALDCFOE8F9LhkFMdGEUMn1rZiOiCQUdG5ZHcLXp/h/0iqadsWsXJUL9foijgzKo0N0jGx0iuroEjVQE1F0hx7QE3o27o1H48V4nbcuGYuZA/QDxtsnIp+XyA==</latexit>

�⌧r10|s3 = 1.2

<latexit sha1_base64="L0iA2s2T0+r4Xe4dhCZ0jLNto80=">AAACA3icdVDLSgNBEJyNrxhfUW96GQyCp2U3iTE5CAE9eIxgEiEJy+xkNhky+2CmVwhrwIu/4sWDIl79CW/+jbNJBBUtaCiquunuciPBFVjWh5FZWFxaXsmu5tbWNza38ts7LRXGkrImDUUor12imOABawIHwa4jyYjvCtZ2R2ep375hUvEwuIJxxHo+GQTc45SAlpz8XvecCSBdILGTSCepTW6VU5qc2mbRyRcss1ZKgS2zVDwu1yxNyrWybVexbVpTFNAcDSf/3u2HNPZZAFQQpTq2FUEvIRI4FWyS68aKRYSOyIB1NA2Iz1Qvmf4wwYda6WMvlLoCwFP1+0RCfKXGvqs7fQJD9dtLxb+8TgxetZfwIIqBBXS2yIsFhhCngeA+l4yCGGtCqOT6VkyHRBIKOracDuHrU/w/aRVNu2JWLsuFen0eRxbtowN0hGx0guroAjVQE1F0hx7QE3o27o1H48V4nbVmjPnMLvoB4+0TuOiXlg==</latexit>

�⌧r9|s3 = 1.2
<latexit sha1_base64="wUWuoUfTY5CP6U/9VYF0hj9ca9w=">AAACBHicdVDJSgNBEO2JW4xb1GMujUHwNMwkk5gchIAePEYwCyRh6Ol0kiY9C901Qhhz8OKvePGgiFc/wpt/Y2cRVPRBweO9KqrqeZHgCizrw0itrK6tb6Q3M1vbO7t72f2DpgpjSVmDhiKUbY8oJnjAGsBBsHYkGfE9wVre+Hzmt26YVDwMrmESsZ5PhgEfcEpAS242171gAkgXSOwm0k1se3qr3NL0rGiW3GzeMqvFGbBlFgslp2pp4lQd265g27TmyKMl6m72vdsPaeyzAKggSnVsK4JeQiRwKtg0040ViwgdkyHraBoQn6leMn9iio+10seDUOoKAM/V7xMJ8ZWa+J7u9AmM1G9vJv7ldWIYVHoJD6IYWEAXiwaxwBDiWSK4zyWjICaaECq5vhXTEZGEgs4to0P4+hT/T5oF0y6b5SsnX6st40ijHDpCJ8hGp6iGLlEdNRBFd+gBPaFn4954NF6M10VryljOHKIfMN4+AS7Xl9A=</latexit>

�⌧r11|s5 = 3.5

<latexit sha1_base64="6kDmifwCFpBY3Pim5zMzOjOsC9k=">AAACBHicdVDJSgNBEO2JW4xb1GMujUHwNMwkk5gchIAePEYwCyRh6Ol0kiY9C901Qhhz8OKvePGgiFc/wpt/Y2cRVPRBweO9KqrqeZHgCizrw0itrK6tb6Q3M1vbO7t72f2DpgpjSVmDhiKUbY8oJnjAGsBBsHYkGfE9wVre+Hzmt26YVDwMrmESsZ5PhgEfcEpAS242171gAkgXSOwm0k1sa3qr3NL0rGiW3GzeMqvFGbBlFgslp2pp4lQd265g27TmyKMl6m72vdsPaeyzAKggSnVsK4JeQiRwKtg0040ViwgdkyHraBoQn6leMn9iio+10seDUOoKAM/V7xMJ8ZWa+J7u9AmM1G9vJv7ldWIYVHoJD6IYWEAXiwaxwBDiWSK4zyWjICaaECq5vhXTEZGEgs4to0P4+hT/T5oF0y6b5SsnX6st40ijHDpCJ8hGp6iGLlEdNRBFd+gBPaFn4954NF6M10VryljOHKIfMN4+AS1Jl88=</latexit>

�⌧r10|s5 = 3.5

<latexit sha1_base64="WuJZ0GsTXWkb0wRHXA340zSYkk4=">AAAB+3icdVDJSgNBEO2JW4zbGI9eGoPgaZhJYkwOQkAPHiOYBTIx9HQ6SZOehe4aMQzzK148KOLVH/Hm39hZBBV9UPB4r4qqel4kuALb/jAyK6tr6xvZzdzW9s7unrmfb6kwlpQ1aShC2fGIYoIHrAkcBOtEkhHfE6ztTS5mfvuOScXD4AamEev5ZBTwIacEtNQ38+4lE0BcIPFtovqV9LzUNwu2VSvNgG2rVDwt12xNyrWy41SxY9lzFNASjb757g5CGvssACqIUl3HjqCXEAmcCpbm3FixiNAJGbGupgHxmeol89tTfKyVAR6GUlcAeK5+n0iIr9TU93SnT2Csfnsz8S+vG8Ow2kt4EMXAArpYNIwFhhDPgsADLhkFMdWEUMn1rZiOiSQUdFw5HcLXp/h/0ipaTsWqXJcL9foyjiw6REfoBDnoDNXRFWqgJqLoHj2gJ/RspMaj8WK8LlozxnLmAP2A8fYJ+ISUbA==</latexit>

�⌧ s6 = 3

<latexit sha1_base64="YLcXTled6TGLVsuIP+DbgFqPHj4=">AAAB+3icdVDJSgNBEO2JW4zbGI9eGoPgaZhJYkwOQkAPHiOYBTIx9HQ6SZOehe4aMQzzK148KOLVH/Hm39hZBBV9UPB4r4qqel4kuALb/jAyK6tr6xvZzdzW9s7unrmfb6kwlpQ1aShC2fGIYoIHrAkcBOtEkhHfE6ztTS5mfvuOScXD4AamEev5ZBTwIacEtNQ38+4lE0BcIPFtovrF9LzUNwu2VSvNgG2rVDwt12xNyrWy41SxY9lzFNASjb757g5CGvssACqIUl3HjqCXEAmcCpbm3FixiNAJGbGupgHxmeol89tTfKyVAR6GUlcAeK5+n0iIr9TU93SnT2Csfnsz8S+vG8Ow2kt4EMXAArpYNIwFhhDPgsADLhkFMdWEUMn1rZiOiSQUdFw5HcLXp/h/0ipaTsWqXJcL9foyjiw6REfoBDnoDNXRFWqgJqLoHj2gJ/RspMaj8WK8LlozxnLmAP2A8fYJ8miUaA==</latexit>

�⌧ s2 = 3

<latexit sha1_base64="4eAvlEOiK+zF7sbInfbSly9MAKs=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8LbtJ3OQiBLx4jJCXJGuYnUySITO7y8ysEJZ8hRcPinj1c7z5N04eiBoLGoqqbrq7gpgzpR3n01pb39jc2s7sZHf39g8Oc0fHTRUlktAGiXgk2wFWlLOQNjTTnLZjSbEIOG0F4+uZ33qgUrEorOtJTH2BhyEbMIK1ke7q96nqFaZXXi+Xd2yv6BbLReTYpctKpVBCru3M8U3ysEStl/vo9iOSCBpqwrFSHdeJtZ9iqRnhdJrtJorGmIzxkHYMDbGgyk/nB0/RuVH6aBBJU6FGc/XnRIqFUhMRmE6B9Uj99Wbif14n0YOKn7IwTjQNyWLRIOFIR2j2PeozSYnmE0MwkczcisgIS0y0yShrQlh5eZU0C7br2d5tKV+tLuPIwCmcwQW4UIYq3EANGkBAwCM8w4slrSfr1XpbtK5Zy5kT+AXr/Qt3DJA1</latexit>

T s2 = 6

<latexit sha1_base64="BA5uw4p3PJQQTMb6PIU+bqkIwtw=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69BIvgKSRFWi9CwYvHCvYD2rRsttt26WYTdidKCf0fXjwo4tX/4s1/47bNQVsfDDzem2FmXhALrtF1v63cxubW9k5+t7C3f3B4VDw+aeooUZQ1aCQi1Q6IZoJL1kCOgrVjxUgYCNYKJrdzv/XIlOaRfMBpzPyQjCQfckrQSL0ukqSX6n51dlN2yv1iyXXcBex14mWkBBnq/eJXdxDRJGQSqSBadzw3Rj8lCjkVbFboJprFhE7IiHUMlSRk2k8XV8/sC6MM7GGkTEm0F+rviZSEWk/DwHSGBMd61ZuL/3mdBIfXfsplnCCTdLlomAgbI3segT3gilEUU0MIVdzcatMxUYSiCapgQvBWX14nzbLjVZzK/VWpVsviyMMZnMMleFCFGtxBHRpAQcEzvMKb9WS9WO/Wx7I1Z2Uzp/AH1ucPiQaR4w==</latexit>

⌧ s7 = 2.2

<latexit sha1_base64="x4/Q/DtCiPLlFOqTH0g8BTiLxw4=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU0hsqb0IBS8eK9gPaEPYbDft0s0m7E7EEvtXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMvCDhTIHjfBuFjc2t7Z3ibmlv/+DwyDwud1ScSkLbJOax7AVYUc4EbQMDTnuJpDgKOO0Gk5u5332gUrFY3MM0oV6ER4KFjGDQkm+WB4BTP5N+40n51dl11a75ZsWxnQWsdeLmpIJytHzzazCMSRpRAYRjpfquk4CXYQmMcDorDVJFE0wmeET7mgocUeVli9tn1rlWhlYYS10CrIX6eyLDkVLTKNCdEYaxWvXm4n9eP4Ww4WVMJClQQZaLwpRbEFvzIKwhk5QAn2qCiWT6VouMscQEdFwlHYK7+vI66Vzabt2u39UqzWYeRxGdojN0gVx0hZroFrVQGxH0iJ7RK3ozZsaL8W58LFsLRj5zgv7A+PwB+0iTwQ==</latexit>

⌧r8|s3 = 3.4
<latexit sha1_base64="gAMrQ8NU9CW76nmkWoWUtvpMo6w=">AAAB/nicbVBNS8NAEJ34WetXVDx5CRbBU0jUVi9CwYvHCvYD2hA22027dLMJuxuhxIB/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAsSRqVynG9jaXlldW29tFHe3Nre2TX39lsyTgUmTRyzWHQCJAmjnDQVVYx0EkFQFDDSDkY3E7/9QISkMb9X44R4ERpwGlKMlJZ887CnUOpnws9cN3+UfjW/PrervllxbGcKa5G4BalAgYZvfvX6MU4jwhVmSMqu6yTKy5BQFDOSl3upJAnCIzQgXU05ioj0sun5uXWilb4VxkIXV9ZU/T2RoUjKcRTozgipoZz3JuJ/XjdV4ZWXUZ6kinA8WxSmzFKxNcnC6lNBsGJjTRAWVN9q4SESCCudWFmH4M6/vEhaZ7Zbs2t3F5V6vYijBEdwDKfgwiXU4RYa0AQMGTzDK7wZT8aL8W58zFqXjGLmAP7A+PwBPTGVBA==</latexit>

⌧r11|s5 = 3.5

<latexit sha1_base64="dx+cZ1+y+yomx2C05QpBiJr3tMM=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCq5BoqboQCm5cVrAPaEOYTKft0MkkzEyEGoO/4saFIm79D3f+jdM2C209cOFwzr3ce08QMyqV43wbhaXlldW14nppY3Nre8fc3WvKKBGYNHDEItEOkCSMctJQVDHSjgVBYcBIKxhdT/zWPRGSRvxOjWPihWjAaZ9ipLTkmwddhRI/FX56mT1K/yy7qthV3yw7tjOFtUjcnJQhR903v7q9CCch4QozJGXHdWLlpUgoihnJSt1EkhjhERqQjqYchUR66fT6zDrWSs/qR0IXV9ZU/T2RolDKcRjozhCpoZz3JuJ/XidR/QsvpTxOFOF4tqifMEtF1iQKq0cFwYqNNUFYUH2rhYdIIKx0YCUdgjv/8iJpntpu1a7eVsq1Wh5HEQ7hCE7AhXOowQ3UoQEYHuAZXuHNeDJejHfjY9ZaMPKZffgD4/MH1DaU0Q==</latexit>

⌧r9|s3 = 4.6

<latexit sha1_base64="MQc/FNEIRVQjUAUC9P9UnanKYvI=">AAAB/nicbVDLSsNAFL3xWesrKq7cDBbBVUh81G6EghuXFewD2hAm00k7dPJgZiKUGPBX3LhQxK3f4c6/cdpmoa0HLhzOuZd77/ETzqSy7W9jaXlldW29tFHe3Nre2TX39lsyTgWhTRLzWHR8LClnEW0qpjjtJILi0Oe07Y9uJn77gQrJ4uhejRPqhngQsYARrLTkmYc9hVMvE17m2Pmj9M7z60ur5pkV27KnQIvEKUgFCjQ886vXj0ka0kgRjqXsOnai3AwLxQinebmXSppgMsID2tU0wiGVbjY9P0cnWumjIBa6IoWm6u+JDIdSjkNfd4ZYDeW8NxH/87qpCmpuxqIkVTQis0VBypGK0SQL1GeCEsXHmmAimL4VkSEWmCidWFmH4My/vEhaZ5ZTtap3F5V6vYijBEdwDKfgwBXU4RYa0AQCGTzDK7wZT8aL8W58zFqXjGLmAP7A+PwBQCmVBg==</latexit>

⌧r10|s3 = 5.8
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<latexit sha1_base64="UP6QXVzUBqOa5pdh//OucHsBBRs=">AAACIXicbZDLSsNAFIYn9VbrLerSzWARXJVEpHYjFNy4rGIv0MQwmU7aoZNkmJkIJeRV3Pgqblwo0p34Mk7aLDT1h4Gf75zDnPP7nFGpLOvLqKytb2xuVbdrO7t7+wfm4VFPxonApItjFouBjyRhNCJdRRUjAy4ICn1G+v70Jq/3n4iQNI4e1IwTN0TjiAYUI6WRZ7acEKkJRiy9zx5T6fHsukRY5mDES1Bknlm3GtZCcNXYhamDQh3PnDujGCchiRRmSMqhbXHlpkgoihnJak4iCUd4isZkqG2EQiLddHFhBs80GcEgFvpFCi7o74kUhVLOQl935ovKci2H/9WGiQpabkojnigS4eVHQcKgimEeFxxRQbBiM20QFlTvCvEECYSVDrWmQ7DLJ6+a3kXDbjaad5f19mURRxWcgFNwDmxwBdrgFnRAF2DwDF7BO/gwXow349OYL1srRjFzDP7I+P4BFaOl6w==</latexit>

Rsp = Rsl \Rsr
<latexit sha1_base64="UP6QXVzUBqOa5pdh//OucHsBBRs=">AAACIXicbZDLSsNAFIYn9VbrLerSzWARXJVEpHYjFNy4rGIv0MQwmU7aoZNkmJkIJeRV3Pgqblwo0p34Mk7aLDT1h4Gf75zDnPP7nFGpLOvLqKytb2xuVbdrO7t7+wfm4VFPxonApItjFouBjyRhNCJdRRUjAy4ICn1G+v70Jq/3n4iQNI4e1IwTN0TjiAYUI6WRZ7acEKkJRiy9zx5T6fHsukRY5mDES1Bknlm3GtZCcNXYhamDQh3PnDujGCchiRRmSMqhbXHlpkgoihnJak4iCUd4isZkqG2EQiLddHFhBs80GcEgFvpFCi7o74kUhVLOQl935ovKci2H/9WGiQpabkojnigS4eVHQcKgimEeFxxRQbBiM20QFlTvCvEECYSVDrWmQ7DLJ6+a3kXDbjaad5f19mURRxWcgFNwDmxwBdrgFnRAF2DwDF7BO/gwXow349OYL1srRjFzDP7I+P4BFaOl6w==</latexit>

Rsp = Rsl \Rsr 

Minimum Jaccard distance

<latexit sha1_base64="c62pb+mYFNsM7r231eqXrL+n7G0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEavFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCet+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq+TxourVqrW7y0rjOo+jCCdwCufgwRU04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8OUo2k</latexit>r8
<latexit sha1_base64="c62pb+mYFNsM7r231eqXrL+n7G0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEavFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCet+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq+TxourVqrW7y0rjOo+jCCdwCufgwRU04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8OUo2k</latexit>r8

<latexit sha1_base64="tbXZrV8MUUXpjyTHZ/OeiRgmhjQ=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxokmEZAmzk9lkyOzMMtMrhCWf4MWDIl79Im/+jZPHQUXBgoaiqpvuriiVwqLvf3iFpeWV1bXiemljc2t7p7y717I6M4w3mZba3EXUcikUb6JAye9Sw2kSSd6ORpdTv33PjRVa3eI45WFCB0rEglF00o3p1XrlSlD1ZyB/kwos0OiV37t9zbKEK2SSWtsJ/BTDnBoUTPJJqZtZnlI2ogPecVTRhNswn506IUdO6ZNYG1cKyUz9OpHTxNpxErnOhOLQ/vSm4m9eJ8P4PMyFSjPkis0XxZkkqMn0b9IXhjOUY0coM8LdStiQGsrQpVP6Xwitk2pQq9auTyv1i0UcRTiAQziGAM6gDlfQgCYwGMADPMGzJ71H78V7nbcWvMXMPnyD9/YJD6+NpQ==</latexit>

r6
<latexit sha1_base64="tbXZrV8MUUXpjyTHZ/OeiRgmhjQ=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxokmEZAmzk9lkyOzMMtMrhCWf4MWDIl79Im/+jZPHQUXBgoaiqpvuriiVwqLvf3iFpeWV1bXiemljc2t7p7y717I6M4w3mZba3EXUcikUb6JAye9Sw2kSSd6ORpdTv33PjRVa3eI45WFCB0rEglF00o3p1XrlSlD1ZyB/kwos0OiV37t9zbKEK2SSWtsJ/BTDnBoUTPJJqZtZnlI2ogPecVTRhNswn506IUdO6ZNYG1cKyUz9OpHTxNpxErnOhOLQ/vSm4m9eJ8P4PMyFSjPkis0XxZkkqMn0b9IXhjOUY0coM8LdStiQGsrQpVP6Xwitk2pQq9auTyv1i0UcRTiAQziGAM6gDlfQgCYwGMADPMGzJ71H78V7nbcWvMXMPnyD9/YJD6+NpQ==</latexit>

r6

<latexit sha1_base64="FYI3UtVHvdI46zQkndn0cgreS9M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWvFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV8njRdWrVWt3l5XGdR5HEU7gFM7Bgzo04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8Mzo2j</latexit>r7
<latexit sha1_base64="FYI3UtVHvdI46zQkndn0cgreS9M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWvFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV8njRdWrVWt3l5XGdR5HEU7gFM7Bgzo04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8Mzo2j</latexit>r7

<latexit sha1_base64="m9U9kxat0YkSVJV0izUdEIxD9V4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mI1B4LXjxWsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurO9/e4WNza3tneJuaW//4PCofHzSNirVlLWoEkp3Q2KY4JK1LLeCdRPNSBwK1gknt3O/88S04Uo+2GnCgpiMJI84JdZJbT3IMJ4NyhW/6i+A1gnOSQVyNAflr/5Q0TRm0lJBjOlhP7FBRrTlVLBZqZ8alhA6ISPWc1SSmJkgW1w7QxdOGaJIaVfSooX6eyIjsTHTOHSdMbFjs+rNxf+8XmqjepBxmaSWSbpcFKUCWYXmr6Mh14xaMXWEUM3drYiOiSbUuoBKLgS8+vI6aV9Vca1au7+uNOp5HEU4g3O4BAw30IA7aEILKDzCM7zCm6e8F+/d+1i2Frx85hT+wPv8ATiTjuI=</latexit>r11
<latexit sha1_base64="m9U9kxat0YkSVJV0izUdEIxD9V4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mI1B4LXjxWsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurO9/e4WNza3tneJuaW//4PCofHzSNirVlLWoEkp3Q2KY4JK1LLeCdRPNSBwK1gknt3O/88S04Uo+2GnCgpiMJI84JdZJbT3IMJ4NyhW/6i+A1gnOSQVyNAflr/5Q0TRm0lJBjOlhP7FBRrTlVLBZqZ8alhA6ISPWc1SSmJkgW1w7QxdOGaJIaVfSooX6eyIjsTHTOHSdMbFjs+rNxf+8XmqjepBxmaSWSbpcFKUCWYXmr6Mh14xaMXWEUM3drYiOiSbUuoBKLgS8+vI6aV9Vca1au7+uNOp5HEU4g3O4BAw30IA7aEILKDzCM7zCm6e8F+/d+1i2Frx85hT+wPv8ATiTjuI=</latexit>r11

<latexit sha1_base64="FYI3UtVHvdI46zQkndn0cgreS9M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWvFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV8njRdWrVWt3l5XGdR5HEU7gFM7Bgzo04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8Mzo2j</latexit>r7
<latexit sha1_base64="FYI3UtVHvdI46zQkndn0cgreS9M=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWvFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCa/8jMskNSjZYlGYCmJiMvubDLhCZsTEEsoUt7cSNqKKMmPTKdkQvOWXV8njRdWrVWt3l5XGdR5HEU7gFM7Bgzo04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8Mzo2j</latexit>r7

<latexit sha1_base64="c62pb+mYFNsM7r231eqXrL+n7G0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEavFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCet+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq+TxourVqrW7y0rjOo+jCCdwCufgwRU04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8OUo2k</latexit>r8
<latexit sha1_base64="c62pb+mYFNsM7r231eqXrL+n7G0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEavFU8OKxorWFNpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+PHnWcKoYtFotYdQKqUXCJLcONwE6ikEaBwHYwvpn57SdUmsfywUwS9CM6lDzkjBor3at+vV+uuFV3DrJKvJxUIEezX/7qDWKWRigNE1Trrucmxs+oMpwJnJZ6qcaEsjEdYtdSSSPUfjY/dUrOrDIgYaxsSUPm6u+JjEZaT6LAdkbUjPSyNxP/87qpCet+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq+TxourVqrW7y0rjOo+jCCdwCufgwRU04Baa0AIGQ3iGV3hzhPPivDsfi9aCk88cwx84nz8OUo2k</latexit>r8

<latexit sha1_base64="zYq0etev4ti8mC2DZQLeUounDeg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxBwDXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q60EW+LNBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY3rYcZkkloqyXJRnHJkFZq/joZMU2L51BFMNHO3IjLGGhPrAiq5EILVl9dJ+6oa1Kq1++tKo57HUYQzOIdLCOAGGnAHTWgBgUd4hld485T34r17H8vWgpfPnMIfeJ8/Nw6O4Q==</latexit>r10
<latexit sha1_base64="zYq0etev4ti8mC2DZQLeUounDeg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxBwDXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q60EW+LNBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY3rYcZkkloqyXJRnHJkFZq/joZMU2L51BFMNHO3IjLGGhPrAiq5EILVl9dJ+6oa1Kq1++tKo57HUYQzOIdLCOAGGnAHTWgBgUd4hld485T34r17H8vWgpfPnMIfeJ8/Nw6O4Q==</latexit>r10

<latexit sha1_base64="zYq0etev4ti8mC2DZQLeUounDeg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxBwDXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q60EW+LNBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY3rYcZkkloqyXJRnHJkFZq/joZMU2L51BFMNHO3IjLGGhPrAiq5EILVl9dJ+6oa1Kq1++tKo57HUYQzOIdLCOAGGnAHTWgBgUd4hld485T34r17H8vWgpfPnMIfeJ8/Nw6O4Q==</latexit>r10
<latexit sha1_base64="zYq0etev4ti8mC2DZQLeUounDeg=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxBwDXjxGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyO/c7T1QbpuSDnSY0FHgkWcwItk5q60EW+LNBueJX/QXQOglyUoEczUH5qz9UJBVUWsKxMb3AT2yYYW0Z4XRW6qeGJphM8Ij2HJVYUBNmi2tn6MIpQxQr7UpatFB/T2RYGDMVkesU2I7NqjcX//N6qY3rYcZkkloqyXJRnHJkFZq/joZMU2L51BFMNHO3IjLGGhPrAiq5EILVl9dJ+6oa1Kq1++tKo57HUYQzOIdLCOAGGnAHTWgBgUd4hld485T34r17H8vWgpfPnMIfeJ8/Nw6O4Q==</latexit>r10

<latexit sha1_base64="tbXZrV8MUUXpjyTHZ/OeiRgmhjQ=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxokmEZAmzk9lkyOzMMtMrhCWf4MWDIl79Im/+jZPHQUXBgoaiqpvuriiVwqLvf3iFpeWV1bXiemljc2t7p7y717I6M4w3mZba3EXUcikUb6JAye9Sw2kSSd6ORpdTv33PjRVa3eI45WFCB0rEglF00o3p1XrlSlD1ZyB/kwos0OiV37t9zbKEK2SSWtsJ/BTDnBoUTPJJqZtZnlI2ogPecVTRhNswn506IUdO6ZNYG1cKyUz9OpHTxNpxErnOhOLQ/vSm4m9eJ8P4PMyFSjPkis0XxZkkqMn0b9IXhjOUY0coM8LdStiQGsrQpVP6Xwitk2pQq9auTyv1i0UcRTiAQziGAM6gDlfQgCYwGMADPMGzJ71H78V7nbcWvMXMPnyD9/YJD6+NpQ==</latexit>

r6
<latexit sha1_base64="tbXZrV8MUUXpjyTHZ/OeiRgmhjQ=">AAAB6nicjVDLSgNBEOyNrxhfUY9eBoPgKeyKRPEU8OIxokmEZAmzk9lkyOzMMtMrhCWf4MWDIl79Im/+jZPHQUXBgoaiqpvuriiVwqLvf3iFpeWV1bXiemljc2t7p7y717I6M4w3mZba3EXUcikUb6JAye9Sw2kSSd6ORpdTv33PjRVa3eI45WFCB0rEglF00o3p1XrlSlD1ZyB/kwos0OiV37t9zbKEK2SSWtsJ/BTDnBoUTPJJqZtZnlI2ogPecVTRhNswn506IUdO6ZNYG1cKyUz9OpHTxNpxErnOhOLQ/vSm4m9eJ8P4PMyFSjPkis0XxZkkqMn0b9IXhjOUY0coM8LdStiQGsrQpVP6Xwitk2pQq9auTyv1i0UcRTiAQziGAM6gDlfQgCYwGMADPMGzJ71H78V7nbcWvMXMPnyD9/YJD6+NpQ==</latexit>

r6
<latexit sha1_base64="9h5Ukm8+lbDuhfTEz1bNINjpymM=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqngqePFYwbSFNpTNdtIu3WzC7kYoob/BiwdFvPqDvPlv3LQ9qCj4YODx3gwz88JUcG1c98MprayurW+UNytb2zu7e9X9g7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyXXhd+5RaZ7IOzNNMYjpSPKIM2qs5KtB7s0G1ZpXd+cgf5MaLNEaVN/7w4RlMUrDBNW657mpCXKqDGcCZ5V+pjGlbEJH2LNU0hh1kM+PnZETqwxJlChb0pC5+nUip7HW0zi0nTE1Y/3TK8TfvF5mossg5zLNDEq2WBRlgpiEFJ+TIVfIjJhaQpni9lbCxlRRZmw+lf+F0D6re4164/a81rxaxlGGIziGU/DgAppwAy3wgQGHB3iCZ0c6j86L87poLTnLmUP4BuftE8yljqw=</latexit>r1
<latexit sha1_base64="9h5Ukm8+lbDuhfTEz1bNINjpymM=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0lEqngqePFYwbSFNpTNdtIu3WzC7kYoob/BiwdFvPqDvPlv3LQ9qCj4YODx3gwz88JUcG1c98MprayurW+UNytb2zu7e9X9g7ZOMsXQZ4lIVDekGgWX6BtuBHZThTQOBXbCyXXhd+5RaZ7IOzNNMYjpSPKIM2qs5KtB7s0G1ZpXd+cgf5MaLNEaVN/7w4RlMUrDBNW657mpCXKqDGcCZ5V+pjGlbEJH2LNU0hh1kM+PnZETqwxJlChb0pC5+nUip7HW0zi0nTE1Y/3TK8TfvF5mossg5zLNDEq2WBRlgpiEFJ+TIVfIjJhaQpni9lbCxlRRZmw+lf+F0D6re4164/a81rxaxlGGIziGU/DgAppwAy3wgQGHB3iCZ0c6j86L87poLTnLmUP4BuftE8yljqw=</latexit>r1

<latexit sha1_base64="lmSyi7gVONK83PAqH7A9TbSx+eg=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0mKtOKp4MVjBdMW2lA22027dLMJuxOhhP4GLx4U8eoP8ua/cftxUFHwwcDjvRlm5oWpFAZd98MprK1vbG4Vt0s7u3v7B+XDo7ZJMs24zxKZ6G5IDZdCcR8FSt5NNadxKHknnFzP/c4910Yk6g6nKQ9iOlIiEoyilXw9yGuzQbniVd0FyN+kAiu0BuX3/jBhWcwVMkmN6XluikFONQom+azUzwxPKZvQEe9ZqmjMTZAvjp2RM6sMSZRoWwrJQv06kdPYmGkc2s6Y4tj89Obib14vw+gyyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp/S/ENq1qlev1m8vKs2rVRxFOIFTOAcPGtCEG2iBDwwEPMATPDvKeXRenNdla8FZzRzDNzhvn84qjq0=</latexit>r2
<latexit sha1_base64="lmSyi7gVONK83PAqH7A9TbSx+eg=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0mKtOKp4MVjBdMW2lA22027dLMJuxOhhP4GLx4U8eoP8ua/cftxUFHwwcDjvRlm5oWpFAZd98MprK1vbG4Vt0s7u3v7B+XDo7ZJMs24zxKZ6G5IDZdCcR8FSt5NNadxKHknnFzP/c4910Yk6g6nKQ9iOlIiEoyilXw9yGuzQbniVd0FyN+kAiu0BuX3/jBhWcwVMkmN6XluikFONQom+azUzwxPKZvQEe9ZqmjMTZAvjp2RM6sMSZRoWwrJQv06kdPYmGkc2s6Y4tj89Obib14vw+gyyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp/S/ENq1qlev1m8vKs2rVRxFOIFTOAcPGtCEG2iBDwwEPMATPDvKeXRenNdla8FZzRzDNzhvn84qjq0=</latexit>r2

<latexit sha1_base64="P2sdKzUE9A3gfeJFKAI/6XivU+Y=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0m0VPFU8OKxgmkLbSib7aZdutmE3YlQQn+DFw+KePUHefPfuP04qCj4YODx3gwz88JUCoOu++EUVlbX1jeKm6Wt7Z3dvfL+QcskmWbcZ4lMdCekhkuhuI8CJe+kmtM4lLwdjq9nfvueayMSdYeTlAcxHSoRCUbRSr7u5+fTfrniVd05yN+kAks0++X33iBhWcwVMkmN6XpuikFONQom+bTUywxPKRvTIe9aqmjMTZDPj52SE6sMSJRoWwrJXP06kdPYmEkc2s6Y4sj89Gbib143w+gyyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp/S/EFpnVa9erd/WKo2rZRxFOIJjOAUPLqABN9AEHxgIeIAneHaU8+i8OK+L1oKznDmEb3DePgHPr46u</latexit>

r3
<latexit sha1_base64="P2sdKzUE9A3gfeJFKAI/6XivU+Y=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0m0VPFU8OKxgmkLbSib7aZdutmE3YlQQn+DFw+KePUHefPfuP04qCj4YODx3gwz88JUCoOu++EUVlbX1jeKm6Wt7Z3dvfL+QcskmWbcZ4lMdCekhkuhuI8CJe+kmtM4lLwdjq9nfvueayMSdYeTlAcxHSoRCUbRSr7u5+fTfrniVd05yN+kAks0++X33iBhWcwVMkmN6XpuikFONQom+bTUywxPKRvTIe9aqmjMTZDPj52SE6sMSJRoWwrJXP06kdPYmEkc2s6Y4sj89Gbib143w+gyyIVKM+SKLRZFmSSYkNnnZCA0ZygnllCmhb2VsBHVlKHNp/S/EFpnVa9erd/WKo2rZRxFOIJjOAUPLqABN9AEHxgIeIAneHaU8+i8OK+L1oKznDmEb3DePgHPr46u</latexit>

r3

<latexit sha1_base64="qLA8jAuIqINltTQKF+b/UC8yJWM=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0mktOKp4MVjBdMW2lA22027dLMJuxOhhP4GLx4U8eoP8ua/cftxUFHwwcDjvRlm5oWpFAZd98MprK1vbG4Vt0s7u3v7B+XDo7ZJMs24zxKZ6G5IDZdCcR8FSt5NNadxKHknnFzP/c4910Yk6g6nKQ9iOlIiEoyilXw9yGuzQbniVd0FyN+kAiu0BuX3/jBhWcwVMkmN6XluikFONQom+azUzwxPKZvQEe9ZqmjMTZAvjp2RM6sMSZRoWwrJQv06kdPYmGkc2s6Y4tj89Obib14vw+gyyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp/S/ENoXVa9erd/WKs2rVRxFOIFTOAcPGtCEG2iBDwwEPMATPDvKeXRenNdla8FZzRzDNzhvn9E0jq8=</latexit>r4
<latexit sha1_base64="qLA8jAuIqINltTQKF+b/UC8yJWM=">AAAB7HicjVBNS8NAEJ3Ur1q/qh69LBbBU0mktOKp4MVjBdMW2lA22027dLMJuxOhhP4GLx4U8eoP8ua/cftxUFHwwcDjvRlm5oWpFAZd98MprK1vbG4Vt0s7u3v7B+XDo7ZJMs24zxKZ6G5IDZdCcR8FSt5NNadxKHknnFzP/c4910Yk6g6nKQ9iOlIiEoyilXw9yGuzQbniVd0FyN+kAiu0BuX3/jBhWcwVMkmN6XluikFONQom+azUzwxPKZvQEe9ZqmjMTZAvjp2RM6sMSZRoWwrJQv06kdPYmGkc2s6Y4tj89Obib14vw+gyyIVKM+SKLRdFmSSYkPnnZCg0ZyinllCmhb2VsDHVlKHNp/S/ENoXVa9erd/WKs2rVRxFOIFTOAcPGtCEG2iBDwwEPMATPDvKeXRenNdla8FZzRzDNzhvn9E0jq8=</latexit>r4

<latexit sha1_base64="80qH60GuuQ63cH1IgelPMzYNmhc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxMcp4MVjRPOAZAmzk95kyOzsMjMrhCWf4MWDIl79Im/+jZNkDxotaCiquunuChLBtXHdL6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38z89iMqzWP5YCYJ+hEdSh5yRo2V7lX/ql+uuFV3DvKXeDmpQI5Gv/zZG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWGVAwljZkobM1Z8TGY20nkSB7YyoGellbyb+53VTE176GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsv/yWts6pXq9buziv16zyOIhzBMZyCBxdQh1toQBMYDOEJXuDVEc6z8+a8L1oLTj5zCL/gfHwDD9aNpQ==</latexit>r9
<latexit sha1_base64="80qH60GuuQ63cH1IgelPMzYNmhc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKxMcp4MVjRPOAZAmzk95kyOzsMjMrhCWf4MWDIl79Im/+jZNkDxotaCiquunuChLBtXHdL6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38z89iMqzWP5YCYJ+hEdSh5yRo2V7lX/ql+uuFV3DvKXeDmpQI5Gv/zZG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWGVAwljZkobM1Z8TGY20nkSB7YyoGellbyb+53VTE176GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsv/yWts6pXq9buziv16zyOIhzBMZyCBxdQh1toQBMYDOEJXuDVEc6z8+a8L1oLTj5zCL/gfHwDD9aNpQ==</latexit>r9

<latexit sha1_base64="EzrBDWcHMKvQUqe3lzcZE0zPfC0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld0itceCF48V7Ae0S8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfaGNza3tnt7BX3D84PDounZy2jUo1ZS2qhNLdkBgmuGQty61g3UQzEoeCdcLJ7dzvPDFtuJIPdpqwICYjySNOiXVSWw8yvzoblMpexVsArxM/J2XI0RyUvvpDRdOYSUsFMabne4kNMqItp4LNiv3UsITQCRmxnqOSxMwE2eLaGb50yhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb1YOMyyS1TNLloigV2Co8fx0PuWbUiqkjhGrubsV0TDSh1gVUdCH4qy+vk3a14tcqtfvrcqOex1GAc7iAK/DhBhpwB01oAYVHeIZXeEMKvaB39LFs3UD5zBn8Afr8AToYjuM=</latexit>r12
<latexit sha1_base64="EzrBDWcHMKvQUqe3lzcZE0zPfC0=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld0itceCF48V7Ae0S8mm2TY2myxJVihL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb63nfaGNza3tnt7BX3D84PDounZy2jUo1ZS2qhNLdkBgmuGQty61g3UQzEoeCdcLJ7dzvPDFtuJIPdpqwICYjySNOiXVSWw8yvzoblMpexVsArxM/J2XI0RyUvvpDRdOYSUsFMabne4kNMqItp4LNiv3UsITQCRmxnqOSxMwE2eLaGb50yhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb1YOMyyS1TNLloigV2Co8fx0PuWbUiqkjhGrubsV0TDSh1gVUdCH4qy+vk3a14tcqtfvrcqOex1GAc7iAK/DhBhpwB01oAYVHeIZXeEMKvaB39LFs3UD5zBn8Afr8AToYjuM=</latexit>r12

<latexit sha1_base64="m9U9kxat0YkSVJV0izUdEIxD9V4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mI1B4LXjxWsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurO9/e4WNza3tneJuaW//4PCofHzSNirVlLWoEkp3Q2KY4JK1LLeCdRPNSBwK1gknt3O/88S04Uo+2GnCgpiMJI84JdZJbT3IMJ4NyhW/6i+A1gnOSQVyNAflr/5Q0TRm0lJBjOlhP7FBRrTlVLBZqZ8alhA6ISPWc1SSmJkgW1w7QxdOGaJIaVfSooX6eyIjsTHTOHSdMbFjs+rNxf+8XmqjepBxmaSWSbpcFKUCWYXmr6Mh14xaMXWEUM3drYiOiSbUuoBKLgS8+vI6aV9Vca1au7+uNOp5HEU4g3O4BAw30IA7aEILKDzCM7zCm6e8F+/d+1i2Frx85hT+wPv8ATiTjuI=</latexit>r11
<latexit sha1_base64="m9U9kxat0YkSVJV0izUdEIxD9V4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mI1B4LXjxWsB/QLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurO9/e4WNza3tneJuaW//4PCofHzSNirVlLWoEkp3Q2KY4JK1LLeCdRPNSBwK1gknt3O/88S04Uo+2GnCgpiMJI84JdZJbT3IMJ4NyhW/6i+A1gnOSQVyNAflr/5Q0TRm0lJBjOlhP7FBRrTlVLBZqZ8alhA6ISPWc1SSmJkgW1w7QxdOGaJIaVfSooX6eyIjsTHTOHSdMbFjs+rNxf+8XmqjepBxmaSWSbpcFKUCWYXmr6Mh14xaMXWEUM3drYiOiSbUuoBKLgS8+vI6aV9Vca1au7+uNOp5HEU4g3O4BAw30IA7aEILKDzCM7zCm6e8F+/d+1i2Frx85hT+wPv8ATiTjuI=</latexit>r11

Time  

• Species age  

• Reactions recruited along a branch  

• 0)  initially

• i) Parent’s age  

• ii) Rescaling time for all descendants  and   

 and 

• i) and ii) are repeated until all ages become finite

• Reaction recruitment time 

• Inter-recruitment time  

Ts ≡ τmax − τs

ℳs = ℛs∖ℛp(s)

Ts = {0 (s ∈ 𝒮emp)
→ ∞ (s ∉ 𝒮emp)

Ts = max(Ts1 + ms1, Ts2 + ms2)

s′￼ s′￼′￼

Ts′￼ → Ts′￼
Ts

Ts1 + ms1
Ts′￼′￼ → Ts′￼′￼

Ts

Ts2 + ms2

τr|s =
nτs + (ms − n)τp(s)

ms

Δτr|s =
Δτs

ms



Metabolism-based phylogeny

Low 
<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>

Rs<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>

Rs

High 
<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>

Rs<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>
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Low 
<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>

Rs<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>

Rs

High 
<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>

Rs<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>
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<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>

Rs<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>

Rs

High 
<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>

Rs<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>
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Shortest path length between species

Branch lengths (no. rxns and time durations) 



First-recruitment time distribution is flat
Popularity vs. First-recruitment time  First-recruitment time distribution

Popularity distribution
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(3a, 3c) (3b, 4c)

(4a, 4b)
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First-recruitment time distribution Prec(τr) ∼ const .

  the time when  is recruited for the first time in the reconstructed treeτr ≡ min
s

τr|s r
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c d

(3a, 3c) (3b, 4c)

(4a, 4b)
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ln fr ∼ − τr ⇒
dτr

dfr
∼ f −1

Ppop( f ) = Prec(τ)
dτ
df

f=2−τ

∼ const . f −1 ∼ f −1
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Early inflationary recruitment: data and model

Bursty behavior of reaction recruiting

Δτr|s =
Δτs

ms

Low 
<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>

Rs<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>

Rs

High 
<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>

Rs<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>

Rs

��
�

��
�

��
�

��
�

��
�


��
��

��
�

����������
������	��	

��
�

��
�

��
�

��
�

���

��
�

��
�

��
�

��
�

�
�

��
��
��

�	
��

��

���

��
��
��
��
	


��
��
��

�
��

��
�

��
�

��
�

��
�

�
��
��
��

����

����

��
�

� �� 	� �� ��
����������������

�




��

�


��

�
�
�
�

����
������

��� ���
���

��
�

��
�

��
�

��
�

��
	

��



��
�

�
��

��
� 

a

c d

��
�

��
�

��
�

�����

��
�

��
�

��
�

��
�

�

�

�
���	���

g e

� ����� ����� �����
��	����
��

��
�

��
�

��
�

�
�

��

���
� �

�

�

	


�

��
�
�

 








(Early:  late: )


Prec(τ) ∼ m(τ) β(τ)S(τ)

m(τ) ∼ ⌊
m0

S(τ)
+ 1⌋

Prec(τ) ∼ const .

m ∼ S−1 β ∼ S−1

P(Δτ) ∼ Δτ−4

Low 
<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>

Rs<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>

Rs

High 
<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>

Rs<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>
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Inter-recruitment time distribution

Low 
<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>

Rs<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>

Rs

High 
<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>

Rs<latexit sha1_base64="Km/eBvIrzzRgV9dvPTwltnYl0zE=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHYNQY8kXjzig0cCK5kdZmHC7OxmpteEED7BiweN8eoXefNvHGAPClbSSaWqO91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsYXc/81hPXRsTqAccJ9yM6UCIUjKKV7u8eTa9YcsvuHGSVeBkpQYZ6r/jV7ccsjbhCJqkxHc9N0J9QjYJJPi10U8MTykZ0wDuWKhpx40/mp07JmVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYnjlT4RKUuSKLRaFqSQYk9nfpC80ZyjHllCmhb2VsCHVlKFNp2BD8JZfXiXNi7JXLVdvK6VaJYsjDydwCufgwSXU4Abq0AAGA3iGV3hzpPPivDsfi9ack80cwx84nz8zq424</latexit>
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Early fast  recruitment

Number of rxns recruited along a branch 
  decreases with time

Inter-recruitment time  
 increases with time 

ms

Δτr|s
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a b

c d

(3a, 3c) (3b, 4c)

(4a, 4b)
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Model with multiple recruitment



A connected metabolic backbone

Inferred ordering 
rapidly reaches a giant connected component

Randomized ordering 
connects only gradually
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Summary

•   due to inheritance : A reaction found in many species may be popular not only because it 
is biochemically important, but also because it was recruited early and inherited by many descendants.


• Crossover from  to   due to finiteness of reaction pool : Recruited reactions are brand new in the 
early period but not so in the late phase. 


• We proposed the method of inferring ancestral reaction sets and reaction recruitment times to reconstruct 
the metabolism-based phylogenetic tree. 


•  over the entire range due to early inflationary expansion:  The rate of reaction recruitment was higher 
in the early phase than in the late one, resulting in the flat distribution of the first-recruitment time.


• Present-day bacterial metabolic repertoires retain signatures of the tempo and organization of metabolic 
evolution.

Ppop( f ) ∼ f −2

f −1 f −2

f −1


