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Abstract

The tree of life is rooted at the “origin of life.” One model holds that core biochemistry, which includes the
genetic code, the ribosome, biopolymer backbones, and amino acid and nucleotide monomer alphabets, was
inherited vertically from a single origin of life. In this model, core biochemistry is a frozen accident that reflects
prebiotic chemistry. In an alternative model explored here, life arose across diverse planetary environments and
generated diverse biochemistries that competed and cooperated. These biochemistries converged through selection
driven by the “network effect.” The network effect conferred greater fitness on participants in increasingly
dominant biochemistries: the more extensive the adoption of a biochemistry, the greater the benefits for systems
using it. In this model, the evolution of core biochemistry was driven, in part, by compatibility, integration, and
coordination. The last universal common ancestor (LUCA) in this model represents a diffuse tipping process—
where biochemical convergence reached critical mass. LUCA is a process of convergence rather than a specific
organism or collection of organisms. At the tipping point, the biosphere committed to the transition from
competing biochemical platforms to a universal standard. After the tipping point, biological innovation exploded,
with fixed core biochemistry. This model makes testable predictions: core biochemistry should show evidence of
evolutionary optimization rather than frozen accidents; core biochemistry should show molecular entanglement
that reflects incremental coevolution; and biosynthetic pathways should differ from prebiotic chemistry. These
predictions appear to be supported by observations. Key Words: Network effect—Communal evolution—Origin
of life. Astrobiology 00, 000–000.

1. The Tree of Life

T he tree of life (TOL) (Moody et al., 2024; Hug et al.,
2016; Doolittle and Brunet, 2016) provides a unifying

framework for organizing and interpreting biology. It repre-
sents evolutionary relationships through common ancestry
and divergence. The TOL integrates an extraordinary range of
forms, functions, and strategies; it relates lions to butterflies
and iron-reducing bacteria to thermophilic archaea. It reflects
evolutionary innovations across metabolism (Marcet-Houben
et al., 2007), genomic organization (Merkl and Wiezer, 2009),
cellular architecture (Siefert and Fox, 1998), body plans
(Willmore, 2012), morphology (Wiens, 2004), and reproduc-
tive strategy (Gomez-Mestre et al., 2012).

The earliest branches of the TOL (Fig. 1) diverge at the
last universal common ancestor (LUCA) (Kyrpides et al.,
1999). LUCA represents mature biology—cells with biopol-
ymers, ribosomes, a canonical genetic code, membranes, and
metabolic networks. The root of the TOL, the antecedent to

LUCA, gave rise to these systems and processes. The root,
which starts with chemistry and ends with LUCA, represents
the emergence and early evolution of life. Here we describe
the foundational assumptions, rationales, and uncertainties
of models for the root of the TOL. Root models carry impli-
cations not only for life’s emergence but for defining LUCA
and the character of biospheres. Assumptions about the root
of the TOL shape interpretations of the processes that gave
rise to life and the environments that supported the early
evolution of life on Earth. These interpretations about the
nature of early life influence the search for life in the
Universe.

2. Core Biochemistry

Evolutionary theory predicts diversity; biochemistry
reveals universality. The vast diversity of biological forms
rests on a highly conserved biochemical core (Jacob, 1977).
The TOL, from LUCA to the present, from Bacteria to
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Archaea to Eukarya, conserves core structures, molecules,
and processes. All cellular life contains informational poly-
mers with specific backbone chemistries and chiralities—
RNA with phosphodiester-linked ribose, DNA with
phosphodiester-linked deoxyribose, and proteins with poly-
peptide backbones; a restricted set of informational poly-
mer building blocks—nucleobases, ribose and deoxyribose,
and L-amino acids; energy currency and cofactors—ATP,
GTP, NAD+, FAD, and coenzyme A; the translation sys-
tem—ribosomes, tRNAs, mRNAs, and the canonical
genetic code; essential metals that include sodium, potas-
sium, and magnesium; and water as both a solvent and as a
ubiquitous reaction constituent (reactant and product)
(Frenkel-Pinter et al., 2021; Nelson et al., 2021; Bernier
et al., 2018). Nowhere in Earth’s biosphere do we find ribo-
somes composed of biopolymers other than RNA and
protein, ribosomes that synthesize anything other than pro-
teins, or proteins synthesized by anything other than the
condensation of amino acids (Woese, 2000).

The universal biochemical core captures only part of life’s
chemistry. Membrane compositions across the TOL are
highly variable; bacteria and archaea use fundamentally dis-
tinct lipids (Siliakus et al., 2017). Even within a single spe-
cies such as humans, tissues and organelles display striking

lipid variability (Harayama and Riezman, 2018). Glycans
show extensive diversity in linkages and modifications across
bacteria, archaea, and eukarya (Gagneux et al., 2022). The
noncanonical amino acid pyrrolysine is found in four archaeal
and five bacterial genera (Guo et al., 2022; Fournier et al.,
2011; Gaston et al., 2011). Similarly, transition metal usage
is not universal—some organisms lack iron (Posey and Gher-
ardini, 2000), while others lack zinc-dependent enzymes
(Zerkle et al., 2005). Core biochemistry persists within a
cloud of chemical diversity.

3. A Singular Root

The universality of core biochemistry is commonly inter-
preted as evidence that the TOL has a single root—that life
on Earth arose from a single origin (Moody et al., 2024; Har-
rison et al., 2023; Theobald, 2010; Koonin and Novozhilov,
2009; Crick, 1968). Under this model, a single prebiotic
chemical system crossed the threshold to biology (Fig. 1A),
and all living systems inherited their common biochemical
core from this singular origin through vertical inheritance.
As Darwin stated, “all organic beings which have ever lived
on this earth have descended from some one primordial
form” (Darwin, 1959). This singular origin subsequently

FIG. 1. Two models of the root of the tree of life. (A) The conventional singular root model annotated by the RNA
World hypothesis. (B) A network convergence model with many interactive roots forced to convergence by the network
effect. This model initiates with diverse chemical species and systems distributed across diverse environments. The
influence of the network effect on diversity is indicated by thick arrows. Here the phases begin with chemical lineages
near the bottom and progress to networked autocatalytic cycles near the top. Convergence, horizontal transfer, and
extinction occur continuously, in all phases. The last universal common ancestor (LUCA) is a process during which the
system tips from multiple competing biochemical platforms to a single universal core biochemistry. Membrane systems,
transition metal compositions, and glycans maintained a cloud of diversity. Horizontal gene transfer is indicated by thin
horizontal dashed lines. Pre-LUCA horizontal transfer is indicated by intersecting lines. Endosymbiosis, including
eukaryogenesis and plastid acquisition, is indicated by thick dashed lines.
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diversified at LUCA and spread through Earth’s lithosphere,
hydrosphere, and atmosphere while retaining its ancestral
biochemical core.

3.1. Boutique environments and unlikely events

A singular root implies that amid the vastness of Earth’s
4.5-billion-year history with all of its different environments
in space and time, only one prebiotic system crossed the
threshold into biology and survived. This exceptional rarity
has been attributed to the requirement for unlikely chains of
events that include specific meteorite impacts, volcanic erup-
tions, and hydrothermal activity; extended sequences of com-
plex organic reactions; purification and transport of fragile
molecules; evaporative basins concentrating and organizing
reactants; and episodic compartmentalization, scaffolding, and
templating, along with fortuitous and well-timed shifts in tem-
perature, pH, redox potential, and salinity.

3.2. Frozen accidents and chemical vestiges

A single root of the TOL implies that extant biochemistry
carries interpretable information about life’s deepest origins.
If all life descends from a biochemical system whose core
features became locked in place early, then modern bio-
chemistry provides a window into life’s beginnings. In this
model, the molecules of asteroid Bennu (Furukawa et al.,
2026; Glavin et al., 2025) contain information about the
earliest biochemistry. Biology’s reliance on electrochemical
gradients reflects continuity with the geochemical proton
gradients that predated life (Harrison et al., 2023). The infor-
mational and catalytic properties of RNA suggest a transi-
tional system in which one polymer served dual roles of
heredity and catalysis (Benner et al., 2020).

In this view, biochemistry is the product of specific prebi-
otic chemistries that date from the early solar system and/or
Hadean environments, with the implication that biochemistry
retains vestiges of prebiotic chemistries. Biochemistry thus
functions as a kind of molecular fossil that reports on chemi-
cal systems that operated before the onset of evolution. A
single root implies that the foundations of biochemistry—the
genetic code, the amino acid alphabet, the nucleotide alpha-
bet, and aspects of metabolism—are “frozen accidents,”
embedded from temporally remote chemical environments.

3.3. Universal biochemistry reflects fundamental constraints

A single root of the TOL frames our expectations for life
in the Universe by suggesting that core biochemistry reflects
fundamental constraints. While chemistry allows for vast
combinatorial diversity, only a narrow chemical subset
appears compatible with the functional requirements of life.
Under this view, physical and chemical constraints chan-
neled life’s emergence into a narrow biochemical space.
Similar principles should govern life’s origin elsewhere in
the Universe. Features of Earth’s biochemistry—such as the
use of nucleic acids for information storage, proteins for
catalysis, and electrochemical gradients for energy—would
reflect general solutions to universal challenges. This view
suggests that life on other Earth-like worlds could converge
on broadly similar biochemical architectures.

4. A Diffuse Root

An alternative to the single root model was proposed by
Vetsigian, Woese, and Goldenfeld (VWG) (Vetsigian et al.,
2006). VWG showed how a diffuse system could evolve in
the era that preceded LUCA. VWG rationalized their model
on three salient features of the translation system:

i Optimality—the genetic code is highly robust to
errors because functionally similar amino acids are
clustered in the code (Koonin and Novozhilov, 2017;
Butler et al., 2009; Freeland et al., 2000; Haig and
Hurst, 1991; Freeland and Hurst, 1998; Woese,
1965).

ii Rapidity of evolution—the translation machinery
emerged within 300–700 million years (Moody et al.,
2024; Weiss et al., 2018).

iii Uniqueness—the code is universal and has remained
essentially unchanged for 3.8 billion years of biologi-
cal evolution (Woese, 2000).

Extending the VWG framework, Matange, Marland,
Frenkel-Pinter, and Williams (MMFW) (Matange et al.,
2025) demonstrated that the backbones of core biopolymers
are the products of evolution in the era that preceded LUCA.
MMFW identified five hallmarks of biopolymer evolution:

iv Polyfunctionality—core biopolymer backbones form a
variety of elaborate assemblies with diverse functions.

v Function-switching—core biopolymer backbones
change structure and function in response to subtle
environmental or chemical perturbations.

vi Molecular recognition—core biopolymers recognize
themselves and others through complementary
molecular interactions.

vii Recalcitrance—core biopolymers modulate their
own kinetics and thermodynamics of chemical
transformation.

viii Emergence—the chemical and physical properties of
monomers change significantly upon polymerization.

4.1. Aminoacyl-tRNA synthetases

Additional evidence for the emergence of core biochemis-
try via pre-LUCA evolution is seen in the phylogeny
and interactions of aminoacyl-tRNA synthetases (AARSs),
which charge tRNAs with cognate amino acids (Gomez and
Ibba, 2020). AARSs fall into two structurally unrelated
classes (Class I and Class II) that recognize the opposite
faces of tRNA. Phylogenetic analyses of AARSs indicate
extensive pre-LUCA evolution. The AARSs descended from
multiple distinct ancestors (Fournier et al., 2011; O’Donog-
hue and Luthey-Schulten, 2003; Woese et al., 2000; Wolf
et al., 1999) and could have originated multiple times. Evo-
lutionary logic indicates that the number of surviving AARS
classes (two) must be far smaller than the number of ances-
tral lineages, which implies extensive extinction and evolu-
tionary filtering. AARSs therefore emerged in concert with a
culling of a vast prebiotic repertoire of building blocks (Gla-
vin et al., 2025; Wogan et al., 2020) through chemical evolu-
tion during the emergence of biopolymers, genes, and
translation.
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4.2. The ribosome

The ribosome is composed of two subunits that emerged
and evolved independently. The functional interface that
couples the decoding subunit (small subunit) and the syn-
thetic subunit (large subunit) of the ribosome is a relatively
late acquisition during the evolution of the ribosome (Petrov
et al., 2015; Petrov et al., 2014). Each subunit underwent
extensive independent growth before its association as part
of a functional translation system. As with the AARSs, the
number of surviving ribosomes (one) is anticipated to be far
smaller than the number of ancestral ribosomes, implying
extensive extinction and evolutionary selection in chemical
environments.

4.3. Prebiological evolution

VWG developed a dynamical systems model of code
emergence through collective networked evolution. This
model shows how statistical ensembles of building blocks
can produce statistical ensembles of proto-proteins and how
precise functional genes and translation machinery and an
optimized code can emerge from imprecise translation. In
this model, lineage is communal. Without horizontal transfer
among lineages, the model evolves slowly and becomes
trapped in nonoptimal, nonunique codes. Horizontal trans-
fer refers to acquisition from contemporaneous lineages,
whereas vertical transfer refers to inheritance from parent to
offspring within a lineage (Soucy et al., 2015). When hori-
zontal transfer was incorporated (Fig. 1B), simulations rap-
idly and repeatedly converged to a single optimized genetic
code, which thus explains the salient features of translation
(i–iii, above).

Why does horizontal transfer succeed where vertical trans-
fer alone fails? Horizontal transfer is nonlocal in fitness
space and can make large jumps that enable exploration of
distant regions of the fitness landscape in parallel across
diverse environments. By contrast, vertical transfer is local
in fitness space and promotes trapping in local optima. In
network convergence (Fig. 1B), horizontal exchange of bio-
chemical components—including different polymer back-
bones and monomer alphabets—explored distant regions of
the fitness landscape.

4.4. Pre-LUCA lineages and the LUCA transition

The lines that lead up to LUCA in Figure 1B represent
chemical lineages. Chemical lineage is chemical kinship
through transformation. In primitive forms, toward the bot-
tom of the figure, chemical kinship is chemical relatedness
through transformation—thioesters, esters, and amides are
chemical kin related by reactivity descent, each derivable
from its predecessor by acyl transfer. In its elaborated form,
approaching LUCA, chemical lineage involves successions
of autocatalytic cycles in which descendants are related to
ancestors by transformation of reactants, products, and cata-
lytic mechanisms. Ancestral autocatalytic cycles interact and
adapt to produce daughter autocatalytic cycles. The figure
traces chemical lineages from primitive chemical kinship in
the earliest phases to autocatalytic descent in the later
phases.

The combined data (Matange et al., 2025; Vetsigian et al.,
2006) point to the coevolution of core biochemistry,

including the translation system, with complexity. The bio-
polymer backbones, side chain alphabets, and translational
precision annealed, along with the genotype–phenotype dis-
tinction, allowing network-level mechanisms to efficiently
enable horizontal transfer.

The evolutionary progression requires (a) diverse early
pre-LUCA translation with diverse proto-biopolymers,
(b) late pre-LUCA convergence of these systems toward bio-
chemical universals, and (c) post-LUCA dominance of verti-
cal gene transfer, driving sequence-level diversification.
Critically, as MMFW noted, effective horizontal gene trans-
fer (HGT) post-LUCA requires not only a universal genetic
code but also universal biopolymer backbones and side chain
alphabets. HGT and other sharing processes constrain the
biochemical core.

A networked system that arises with diverse biochemis-
tries, driven to biochemical universality by selection
(Fig. 1B), is a predictive model consistent with available
data. In this framework, biopolymer backbones, monomer
alphabets, and the genetic code arose by a network-driven
evolutionary process that converged at LUCA. This conclu-
sion echoes earlier suggestions by Woese and Fox (1977)
and by Jacob (1977) that evolution underwent fundamental
transitions during the emergence of life.

5. Networking

Here, we propose that the extant biosphere is a network
unified by a biochemical core. The network is linked across
scales, from molecules to cells to ecosystems. Ecosystems
presuppose core biochemistry; without it, trophic interac-
tions, biogeochemical cycling, and coevolution would not be
possible. Core biochemistry links organisms through shared
chemical elements and redox couples (Sardans and Penuelas,
2024). At the organism level, core biochemistry permits
organisms to consume one another and exchange metabolites
through trophic and syntrophic relationships. It enables
pathogenesis, symbiosis, and endosymbiosis (Margulis and
Sagan, 2008). At the cellular level, it underpins HGT,
expression of foreign proteins, and mobility of genetic ele-
ments such as plasmids and viruses. For multicellular organ-
isms, it makes developmental coordination possible; shared
regulatory mechanisms enable diverse cell types to coordi-
nate and communicate.

Networking does not preclude competition; it is a precon-
dition. Organisms compete for the same resources, prey on
one another, and coevolve because they share a core
biochemistry.

5.1. A networked path to core biochemistry

Metcalfe’s “law” states that the value of a network grows
with its adoption (Metcalfe, 2013). The network effect
explains why a single core biochemistry would emerge from
an initially diverse biochemical landscape. Once one bio-
chemistry achieved sufficient adoption, alternative bioche-
mistries would become increasingly isolated—unable to
develop relationships with dominant systems or share metab-
olites, genetic innovations, and other resources—which
would create runaway selection for biochemical universality.

Biochemical systems that evolved in more common and
widespread environments were more likely to achieve
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dominance than those that arose in rare or restricted condi-
tions. Environmental ubiquity drove extensive adoption,
which in turn created positive feedback loops that acceler-
ated convergence on a single, universal biochemistry. Once
network lock-in occurred, even superior biochemical alterna-
tives would have been competitively disadvantaged, unable
to interact with the dominant biochemistry. These isolated
biochemistries would have been driven extinct, regardless of
any intrinsic advantages.

Systems subject to the network effect are common and
familiar (Goldenfeld, 2014; Metcalfe, 2013; Metcalfe,
1995). Although computational analogies to biology are
fraught, the internet offers a striking and illustrative example
of the network effect (Greenstein, 2015). In the early days of
computing, many networking protocols competed—DECnet,
NCP, IPX/SPX, AppleTalk, SNA, and others. Over time,
this diversity converged to a single protocol. Universal
adoption of TCP/IP enabled interoperability between dif-
ferent types of hardware and software, which conferred
returns on all participants. The advantages of the universal
standard are profound; they span the technical, economic,
and social domains. This convergence did not occur
because TCP/IP was inherently superior to all other solu-
tions but because universality conferred a systemic advant-
age, because TCP/IP was good enough, and because of
contingent political factors (Townes, 2012). In the early
1980s, the US Department of Defense mandated TCP/IP
adoption. It cut off all noncompliant systems from ARPA-
NET—the networking protocol equivalent of an environ-
mental driving factor in biochemical evolution. In the
1990s, networking crossed a tipping point to a single proto-
col (Townes, 2012). From the time of this “LUCA” of net-
working, all non-TCP/IP networking protocols were
destined for extinction. This time was followed by intense
innovation and the spread of the internet, which demon-
strated the catalyzing power of the network effect.

5.2. The tipping point

LUCA represents a tipping point (Gladwell, 2006), or
more correctly, a protracted tipping process. This tipping
process marks a broad threshold where convergence reached
critical density and universal core biochemistry began dis-
placing competing platforms. The threshold was not instan-
taneous but was distributed across time, chemical networks,
and ecological niches, with no single moment that marked
the crossover. Beyond a threshold, the integrated biosphere
exchanged energy and information, molecules and metals,
and biological evolution accelerated.

5.3. What Is LUCA?

In the network convergence model, LUCA is the final
processes of biochemical convergence. LUCA is not a spe-
cific organism or collection of organisms (Fig. 1B). At or
near LUCA, lineages with divergent biochemistries were
outcompeted and went extinct. LUCA was followed by
intense biological evolutionary innovation (with fixed core
biochemistry), which remains ongoing, nearly 4 billion years
later.

6. Predictions of Networking

TOL root models make predictions about biology.
Under a single root model, core biochemistry—including
the genetic code, biopolymer backbones, and monomer
alphabets—reflects inheritance from a single origin, with
universal features reflecting prebiotic chemistry frozen in
place by early constraints. By contrast, the network conver-
gence model predicts that these same features are highly
evolved, arising from evolutionary optimization and conver-
gence. Indeed, the genetic code, biopolymer backbones, and
monomer alphabets are products of evolution (Matange et al.,
2025; Mayer-Bacon and Freeland, 2021; Vetsigian et al.,
2006; Philip and Freeland, 2011; Freeland and Hurst, 1998)
that support network convergence over a single root.

6.1. Entanglement

Network convergence predicts deep entanglement: recip-
rocal functional and chemical dependencies between differ-
ent molecular classes. Entangled molecules cannot be
synthesized or sustained independently. Entanglement is a
hallmark of evolution. It manifests as webs of interdepend-
ence in which function and identity emerge not in isolation
but through mutual reliance. Biological molecules form
codependent networks of synthesis and function, where no
component can exist or operate without the others (Lanier
et al., 2017). For example, proteins and RNA are entangled:
proteins are synthesized by RNA in ribosomes, and RNAs
are synthesized by protein polymerases. Under network con-
vergence, such entanglement emerged gradually, en route to
universality. Over time, selection by network convergence
both reinforced advantageous molecular partnerships and
eliminated incompatible alternatives; it progressively inte-
grated the network into a tightly entangled system at LUCA.
A single root requires that mutually dependent systems arose
independently, without prior refinement.

6.2. The non-networked cloud

Network convergence predicts that features that do not
contribute to cooperation or resource sharing would escape
convergence and retain heterogeneity—a pattern most evi-
dent in lipids, transition metals, and protein translation fac-
tors. The escape from convergence is indicated by the
LUCA cloud in Figure 1B. Humans possess a cloud of
approximately 100,000 distinct lipids (Conroy et al., 2024;
Harayama and Riezman, 2018), compared with around
*500 amino acids (20 core proteinogenic amino acids)
(Genchi, 2017). The composition and use of transition met-
als as ligands and cofactors are variable. The essential trans-
lation initiation factors bIF3 of bacteria and a/eIF1 of
archaea and eukaryotes participate similarly in start codon
selection but do not share an ancestor (Schmitt et al., 2020;
Maduzia et al., 2010). This pattern is precisely what the net-
work convergence model predicts: universality in features
under selection for compatibility and heterogeneity in fea-
tures without such constraints. Under a single root, there is
no clear basis for expecting this differential pattern. Network
convergence predicts biochemical and code universality
within any given biosphere but diversity between biospheres.
This prediction is testable if future NASA missions discover
and characterize life on other worlds.
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6.3. Accretion

Finally, network convergence predicts that pre-LUCA
molecular systems, including the ancestors of the ribosome
and RNase P, accreted RNA ancestral elements from a com-
mon pool over chemical evolutionary history. In a network
convergence scenario, diverse chemical lineages and assem-
blies would develop and exchange functional modules.
Successful modules would be incorporated into emerging
assemblies through horizontal transfer. This process would
leave distinctive molecular fingerprints—discrete structural
substructures, each folding competent and layered via
accretion.

This prediction is observed. Structural analysis reveals
stepwise accretion of folding-competent RNA elements into
both the ribosome (Petrov et al., 2015; Petrov et al., 2014)
and RNase P (Petrov et al., 2026). Modules exchanged
between various assemblies (Petrov et al., 2026). Mosaic
structures are built from horizontally transferred compo-
nents. This outcome is the expected consequence of horizon-
tal transfer processes operating in a network.

6.4. Diffuse origins

Network convergence does not require coincident unlikely
events or unique chemistries in specific temporal sequences
in boutique environments. The global requirements may
have been as simple as a planet with oceans and land and
organic molecules, a planet that rotates on its axis at a dis-
tance from its star that induces water cycles between liquid
and vapor phases. Diverse environments—each containing
organic and inorganic inventories—would have sufficed.

In this model, molecular ensembles contained diverse
linkage chemistries, including thiol ester, ester, peptide, and
phosphodiester bonds (Haas et al., 2024; Frenkel-Pinter
et al., 2022), a diverse side chain alphabet (Glavin et al.,
2025; Roche et al., 2023; Schmitt-Kopplin et al., 2010), and
a broad variety of sugars (Furukawa et al., 2026; Wang and
Yu, 2024; Eschenmoser, 1997). Ensembles of molecules
cooperated and competed in advance of, or alongside, the
surviving building blocks (Hud et al., 2013). Interactions
within and between ensembles gave rise to mutually rein-
forcing relationships such as autocatalytic networks that
engaged in selection via increasingly biological dynamics
(Williamson, 2024; Xavier et al., 2020). Transitions of early
chemical lineages to biopolymers were facilitated by autoca-
talytic selection and closure. Autocatalysis has persisted in
core biochemistry (Könnyu† et al., 2024; Barenholz et al.,
2017).

7. Summary

The distinction between a singular root and a diffuse
root that anneals via network convergence is fundamental.
Under a singular root model, universal biochemistry
reflects vertical inheritance from a single origin. Under net-
work convergence, universal biochemistry reflects conver-
gence from diffuse origins through evolutionary processes.
These two models can be distinguished by their predic-
tions; the observations presented here appear to support
network convergence.
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