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Abstract

The spanning tree of a graph is obtained when all vertices of a graph are connected in such a way that no cycle is formed. This work proposes a
new algorithm that, at each round, selects a maximal independent set of vertices (an inclusion-maximal, not necessarily maximum-cardinality, set
of pairwise non-adjacent vertices) and attaches to every vertex of that set its cheapest cycle-safe incident edgeto find a minimum spanning tree of
any weighted graph. The procedure organizes safe-edge selections into batches indexed by maximal independent sets; its number of such batching
rounds depends on the maximal independent sets selected, and this notion of a round is not directly comparable to a single iteration of Prim’s or
Kruskal’s algorithm without further definition. Using the classical cut property, we prove that the procedure always produces a minimum spanning
tree of a connected graph. If r denotes the number of independent-set rounds, a straightforward sequential implementation has worst-case running
time O(r(n + m) + mlog m). We do not claim, and this paper does not prove, that the number of rounds is minimized over all possible choices of
maximal independent sets, nor that the resulting sequential running time improves on the classical O(mlogn) bounds. This work may be useful
for large weighted networks such as communication networks, wiring connections, and transportation networks.
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1. Introduction carries a positive integer label w(e) > 0, its weight; the cut-
property argument used below (Lemma 2.2) in fact holds for

Throughout this paper, G = (V, E) stands for a simple undi-  arpitrary real-valued weights, and we restrict to positive inte-
rected graph on vertex set V and edge set E, with n = [V| ver-  gerg only to match the convention used in the worked exam-

tices and m = |E| edges. (“Simple” here rules out loops and ple. Given another graph H, we call H a subgraph of G once
repeated edges; this convention is used everywhere below, in- V(H) C V(G) and E(H) C E(G) both hold. By a walk of length
cluding in Theorem 2.4 and Lemma 2.2.) Every edge ¢ € E k joining x to y we mean a sequence x = Vo, Vi, ...,V = y of

k + 1 vertices, repetitions allowed, in which consecutive terms

_— o ) vi, viy1 are always joined by an edge; when no vertex in the se-
*Corresponding Author Junaid Nisar. Corresponding Author Tel. No.:

+916234. quence repeats, the walk is called a path instead.

Email addresses: drhrbhapkar@cukashmir.ac.in (Haribhau R The distance d(x,y) between two vertices x,y € G is the
Bhapkar' '), rezwanbhat21@gmail. com (Rezwan Ul Shaban>'), length of a shortest walk between them, and the diameter of G is
mirshabir967@gmail.com (Shabir Ahmad Mir'™), diam(G) = max{d(x,y) | x,y € V(G)} (a maximum rather than
junaidnisar730gmail.com (Junaid Nisarl) merely a supremum, since G is finite). We call G connected
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when every pair of distinct vertices is joined by some walk;
otherwise G is disconnected, and we set d(x,y) = oo for any
pair with no connecting walk.

A component of G is an inclusion-maximal connected sub-
graph. A cycle is a closed path together with one extra edge
returning to its start: formally, a sequence x = vg, vi,..., v, = X
with k > 3 in which vy, ..., v, are distinct and consecutive
terms are joined by an edge. Vertices no two of which are ad-
jacent form what is called an independent set; among all inde-
pendent sets of G, one of the largest possible size is a maxi-
mum independent set, whereas an independent set to which no
further vertex of G can be added is called maximal. A maxi-
mum independent set is always maximal, though the converse
can fail; finding a maximum independent set is NP-hard on gen-
eral graphs (Ref. [1]), so it is essential for tractability that the
construction given in Section 2 relies only on maximality, not
on maximum size, and we are careful below never to require a
maximum-cardinality set.

A subgraph with no cycles is a forest, and a connected forest
is a tree; a tree on n vertices always has exactly n—1 edges and a
unique path between any two of its vertices. A tree that touches
every vertex of a graph is a spanning tree of that graph, and
among all spanning trees of G, one with the least total edge
weight is called a minimum spanning tree (MST). Throughout
this work, G denotes a simple weighted graph, and the weight
of a tree T is understood to be the sum of the weights of the
edges belonging to 7.

Graphs, and trees in particular, underlie a great many math-
ematical models of practical systems, and among the tree-
related questions that arise, computing a minimum spanning
tree of a weighted graph is one of the best studied. A hand-
ful of classical procedures address it.

Bortivka’s method (Ref. [2]) proceeds component by com-
ponent: at every round, each component reaches out along
its cheapest available edge, and components joined by such
edges are merged, continuing until a single component remains.
Prim’s procedure (Ref. [3]) instead grows one tree from a cho-
sen starting vertex, at each step attaching whichever outside
vertex is nearest, in weight, to the tree built so far; once ev-
ery vertex has joined the tree, the sum of the weights used gives
the MST’s total cost (Refs. [4, 5]).

Kruskal’s procedure (Ref. [6]) takes a different route: the
edges are first sorted from lightest to heaviest, and each edge
is admitted, one at a time, whenever doing so would not close
a cycle among the edges already chosen; the tree emerges as a
byproduct of this filtering pass. Prim’s method, implemented
with a binary heap, runs in O(mlogn) time, while Kruskal’s
method runs in O(mlogm) time (equivalently O(mlogn) for
simple graphs) once the edges are sorted (Ref. [7]); what they
share, however, is that each iteration commits only a single
vertex or a single edge, though of course a single such itera-
tion can itself involve nontrivial bookkeeping (e.g. heap updates
or union—find operations), so “one vertex/edge per iteration”
should be read as a description of the commitment granular-
ity rather than as evidence, by itself, of lower efficiency. This
is what motivates the batched, several-vertices-at-once strategy
developed in this paper.

The Reverse-Delete method (Ref. [8]) works in the opposite
direction from Kruskal’s: edges are considered from heaviest
to lightest and discarded one by one, an edge being dropped
permanently only when its removal leaves the graph connected.

All of these procedures are instances of the greedy
paradigm — committing to the locally best choice at each step in
the hope of reaching a globally optimal outcome — and in fact all
of them, including the algorithm proposed here, can be seen as
different scheduling strategies for repeatedly invoking the same
underlying safe-edge / cut property rule (Lemma 2.2 below; see
also the generic greedy-MST framework in Ref. [7]). Once a
cost is attached to every edge, the underlying question is always
the same: find a spanning tree of least total weight. Because this
question surfaces throughout graph-theoretic algorithm design,
with applications in network design (Refs. [9, 10]), communi-
cations, transport planning, and flow optimisation (Ref. [11]), it
has attracted sustained attention; general treatments of the rele-
vant graph theory can be found in Refs. [5, 12-15].

A separate line of work studies not a single MST but the
whole family of spanning trees of a graph: algorithms exist to
enumerate or list all spanning trees (Refs. [16-20]), typically
in increasing order of weight. That is a different (and gener-
ally harder) problem from the one addressed here, since it must
produce an exponentially large output in general; our concern in
this paper remains the single-tree problem. Likewise, the batch-
ing idea explored here is loosely in the spirit of parallel MST
algorithms, which schedule many safe-edge selections at once
under a formal model such as PRAM or distributed message
passing (Ref. [21]); unlike that literature, we do not yet ana-
lyze the present algorithm under such a model (see Section 3).
Finally, approximation algorithms for related NP-hard cover-
ing and independent-set problems (Refs. [1, 22, 23]) are rele-
vant background for the general primal-dual and independent-
set techniques used across combinatorial optimization, though
the MST problem itself is solvable exactly in polynomial time
and does not require approximation.

The algorithm developed in this paper departs from the one-
at-a-time pattern common to Prim’s and Kruskal’s methods: at
each stage it admits an entire maximal set of pairwise non-
adjacent vertices together, with the goal of cutting down the
number of rounds needed to arrive at a minimum spanning tree.
We stress already here that reducing the number of rounds is
not automatically the same as reducing running time, work, or
depth in a parallel model; Section 3 makes this distinction pre-
cise.

2. Algorithm

Where Prim’s and Kruskal’s procedures commit a single
vertex or edge at every step, and Borlivka’s commits one edge
per component per round, the method introduced here selects a
whole batch of vertices, together with a corresponding batch
of edges, at each round. On some graphs this can bring
the construction to completion in fewer rounds than Prim’s
or Kruskal’s approaches, in the precise sense of “number of
independent-set phases” fixed in Section 3 below; as discussed
there, this is a statement about the number of rounds, not about



Bhapkar et al. / J. Nig. Soc. Phys. Sci. 8 (2026) 3739 3

total sequential running time; a full complexity comparison,
however, is left for future investigation.

Problem statement.

Given a connected, weighted graph G = (V, E, w) with |V| >
2 (the case |V| = 1 is trivial: the unique vertex is itself the
minimum spanning tree, with no edges to select), the task is
to build a minimum spanning tree of G by repeatedly selecting
batches of vertices rather than one vertex at a time.

Working mechanism.

Let G = (V,E) be a weighted graph with n > 2 vertices;
the minimum spanning tree of G is obtained by carrying out the
following steps. We first fix the bookkeeping used throughout:
set o = @ and Uy = V, where U,_; denotes the set of vertices
not yet covered entering round i, and F;_; the edges selected so
far.

Step 1. At the start of round i (i = 1,2,...), choose H; C
U;_, to be a maximal independent set of the induced subgraph
GlU;_{] (fori = 1 this is G[Uy] = G), i.e. an inclusion-maximal
collection of pairwise non-adjacent vertices of G[U;_;].

Step 2. For every vertex x € H;, attach to it the lowest-
weight incident edge of G that does not close a cycle with edges
already chosen; ties among equal-weight candidate edges at
x are broken by a fixed rule agreed in advance (for instance,
the lexicographically smallest edge label), applied consistently
throughout the run. Do this for each vertex of H;, in any order:
because H; is independent, no vertex of H; can be the “other
endpoint” selected for a different vertex of H; in the same round
(its own incident edges are chosen only when it is itself pro-
cessed), so every vertex of H; is still isolated in (V, F;_;) at the
moment its own edge is chosen, regardless of the order in which
H; is processed; this is what makes the outcome of Step 2 inde-
pendent of processing order (see also the proof of Theorem 2.4).
Let R; denote the set of the other endpoints of these newly cho-
sen edges, and let F; = F;_; U {these newly chosen edges}; then
S,‘ = Hl'URi and Ul' = U,'_l \S,

Step 3. While U; # &, apply Steps 1-2 again (as round i +1,
on G[U;]) to the vertices not yet covered, and keep repeating
until the covered set satisfies S U---US, = V(G) (equivalently
U, = 2).

Step 4. Once this leaves a forest of subtrees
T,,T5,Ts,..., Ty, repeatedly choose a globally lowest-weight
edge of G that joins two distinct components among T, ..., Ty
(such an edge need not be a bridge of G, since it may still lie on
some cycle of G; because its two endpoints lie in different com-
ponents of the current forest, it is automatically free of creating
a cycle within the forest built so far), and use it to merge the
two components; ties are again broken by the fixed rule above.
Carrying this out until a single component remains yields the re-
quired minimum spanning tree. (This phase is exactly Kruskal’s
algorithm run on G restricted to inter-component edges, starting
from the forest F', built by Steps 1-3.)

How H, is chosen matters a great deal, since it governs how
many rounds the construction will take (see Remark 2.5 be-
low: an arbitrary maximal independent set need not minimize
the number of rounds). We refer to the resulting procedure as
Bhapkar’s algorithm. O

Remark 2.1 (Disconnected graphs). Theorem 2.4 below is
stated, and proved, only for connected G; the proof relies on
connectivity in Stage 1 (“one piece, not several”) to guarantee
that Step 4 can always find an edge linking any two remaining
components. To extend the algorithm to a disconnected graph,
run it independently on each connected component; the union
of the resulting trees is a minimum spanning forest. Step 4 as
written should then be understood to run only within a single
component, not across the whole graph.

Lemma 2.2 (Cut property). Fix a connected, simple, weighted
graph G = (V, E,w) with w(e) > 0 for all e € E, as fixed in Sec-
tion 1, and suppose F' C E already sits inside some minimum
spanning tree of G. Take any partition (C, V' \ C) of the vertex
set such that none of the edges of F crosses between the two
sides, and let e be an edge of least weight among those that do
cross. Augmenting F by e still leaves a set of edges contained
in some minimum spanning tree of G (see, e.g., Ref. [5]); the
statement remains true for arbitrary real-valued weights, though
we phrase it here to match the positive-integer-weight conven-
tion used elsewhere in this paper.

Remark 2.3. Lemma 2.2 is the classical MST safe-edge / cut-
property rule underlying Prim’s, Kruskal’s, and Bortivka’s algo-
rithms alike (Ref. [7]). Theorem 2.4 below shows correctness
by checking that every edge Bhapkar’s algorithm ever selects is
safe in this same sense; the maximal-independent-set batching
does not introduce a new optimality criterion, but rather gives
a particular schedule for applying the cut property to several
singleton cuts ({x}, V' \ {x}) at once, followed by a Kruskal-type
completion phase (Step 4) on the resulting forest. We make this
explicit here, rather than presenting the batching as furnishing
an independent correctness argument.

Theorem 2.4. For any connected weighted graph G = (V, E, w)
of the type fixed in Section 1 (simple, undirected, w(e) > 0,
|V] > 2), Bhapkar’s algorithm outputs a minimum spanning tree
of G.

Proof. The argument splits into two stages: first, that the al-
gorithm’s output X = (V, F) is indeed a spanning tree of G;
second, that this spanning tree has minimum weight.

Stage 1: X is a spanning tree.

Write G = (V, E,w) for the connected, simple, weighted
graph under consideration (as fixed in Section 1), with n = |V,
and let F denote the edges Bhapkar’s algorithm has selected by
the time it terminates.

No cycles. Steps 2 and 4 both admit an edge only when do-
ing so avoids closing a cycle among the edges already present,
so (V, F) contains no cycle: it is a forest.

Every vertex is reached. Steps 1-3 continue until the cov-
ered set satisfies S| U --- U S, = V(G), so each vertex of G is
an endpoint of some edge of F.

One piece, not several. Immediately after Step 3, (V, F) may
still fall into several tree-shaped pieces T7y,..., Tx. Because G
is connected, some edge of G always links two of these pieces
whenever k > 1 (this is where connectivity of G is used; for
disconnected G, see Remark 2.1), and Step 4 keeps adding the
cheapest such linking edge until only one piece is left.
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Putting these three observations together, (V, F) is con-
nected, has no cycles, and touches every vertex; that is, it is
a tree on n vertices, and hence has n — 1 edges. So X = (V, F) is
indeed a spanning tree of G.

Stage 2: X has minimum weight.

We track the following invariant as edges are added, in the
order the algorithm adds them: F is always a subset of the edge
set of some minimum spanning tree of G. Once this invariant is
confirmed to hold at termination, minimality of X follows im-
mediately, since Stage 1 already shows X = (V, F) to be a span-
ning tree, and a spanning tree contained in a minimum spanning
tree can only be that minimum spanning tree itself.

The invariant holds vacuously at the outset, when F = &.

Now suppose the invariant holds at some point during
Step 2, and let x be a vertex of the current maximal independent
set H; about to acquire its cheapest incident edge e, = {x,y}.
Because x has not yet been covered, and because independence
of H; rules out any other member of H; having already been
linked to x in this same round (as spelled out in the working
mechanism above), x sits isolated in (V, F)) at this instant; con-
sequently the cut ({x}, V '\ {x}) is crossed by none of the edges
currently in F, so every edge incident with x is automatically
cycle-safe at this instant, and the cheapest cycle-safe incident
edge that Step 2 selects therefore coincides with the cheapest
edge crossing this cut. Hence e, is the cheapest edge crossing
this cut, so Lemma 2.2 guarantees that F' U {e,} still lies inside
some minimum spanning tree; the invariant survives this step.

The same reasoning applies during Step 4: if C denotes a
component currently present in (V, F'), no edge of F crosses the
cut (C,V \ C) (components are, by definition, maximal con-
nected pieces). Step 4 selects a globally cheapest edge among
all current inter-component edges; such an edge is in particular
the cheapest edge crossing the cut (C, V \ C) for either of the
two components C it joins, since every edge crossing that cut
is itself an inter-component edge and the global minimum is a
lower bound for the minimum over any subset. So the cheapest
edge crossing that cut is exactly the edge Step 4 selects, and the
invariant remains intact by Lemma 2.2.

Since every edge the algorithm ever adds falls under one of
these two cases, the invariant persists until the algorithm halts,
at which point F is the edge set of X. Hence X is contained in,
and therefore equal to, a minimum spanning tree of G. O

Remark 2.5. The number of rounds used by Steps 1-3 depends
on which maximal independent set H; is chosen at each round,
and an arbitrary maximal independent set need not minimize
that number. For the star K;, (one center joined to r leaves),
the set consisting of the center alone is maximal and covers
only the center and one leaf in the first round, forcing further
rounds; whereas the set of all r leaves is a maximum indepen-
dent set and covers every vertex in a single round. Choosing
a maximum-cardinality independent set at each round is NP-
hard in general (Ref. [1]), so it would be inappropriate to build
the algorithm’s efficiency claim on maximum independent sets;
the algorithm as stated (Section 2) uses only maximality, and
we make no round-optimality claim (cf. the Abstract and Sec-
tion 3).

d 20 e

Figure 1: Weighted graph.

Table 1: Complete edge list of G, sorted by weight.

Edge Weight Edge Weight Edge Weight
bc 2 cf 10 gh 13
ac 3 fg 12 ce 18
ad 4 fh 12 de 20
ab 5 bg 10 eh 20
cd 6 cg 15
ef 8

2.1. Minimum spanning tree of graph shown in Figure 1

Example. Let G be a graph with 8 vertices and 15 edges, as
shown in Figure 1.

For clarity and to allow the reader to verify every step inde-
pendently of the figure, the complete edge list of G, sorted by
weight, is given in Table 1.

Solution. We trace through the algorithm above to find a
minimum spanning tree of G.

Round 1, Step 1. Take H, = {a, g, e}; no two of these three
vertices are adjacent, and no further vertex of G could be added
without breaking that property, so H; is a maximal independent
set.

Round 1, Step 2. Vertex a has three incident edges (ab =
5,ac = 3,ad = 4), of which ac is cheapest, so a is joined to
c. At vertex g, the incident edges are gb = 10,gc = 15,gf =
12, gh = 13, so the cheapest is gb, giving the join g—b. At vertex
e, the incident edges are ec = 18,ef = 8,eh = 20, ed = 20, so
the cheapest is ef, giving the join e—f. Carrying out these three
joins produces the forest shown in Figure 2.

Slz{a’c7b’g’f’e}3 U]ZV\Slz{d,h}. (1)

Round 2, Step 1. Among the vertices not yet covered (U; =
{d, h}), d and h are non-adjacent (there is no edge dh in G), so
H, = {d, h} forms the next maximal independent set of G[U].

Round 2, Step 2. At d, the incident edges among {da =
4,dc = 6,de = 20} give the cheapest edge da, so d joins a; at A,
the incident edges among {hf = 12,hg = 13, he = 20} give the
cheapest edge i f, so h joins f. The forest that results is shown
in Figure 3.

S, ={a,c,b,g, f ed,h} U, =@. (2)
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b 10 g
g 3 S
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8
[ X4

Figure 2: Forest obtained after the first independent-set phase
(Steps 1-2).

b 10

[ JoS)

[ ]
e

Figure 3: Forest obtained after all vertices have been covered
(Round 2, Steps 1-2), consisting of three tree components.

Since U, = &, every vertex of G has now been covered and
Steps 1-3 terminate.

Step 4 (completion). The forest (V, F,) built by Rounds
1-2 has three components: C; = {a,c,d} (joined by ac, ad),
C, = {b, g} (joined by bg), and C; = {e, f, h} (joined by ef, fh).
Listing every edge of G that runs between two distinct compo-
nents: bc = 2 and ab = 5 join C—-Cy; cf = 10, ce = 18, and
de = 20 join C;—C3; fg = 12 and gh = 13 join C,—Cj (all
other edges of G have both endpoints in the same C; and so are
excluded). We repeatedly add the globally cheapest such inter-
component edge: first bc = 2 (cheaper than every other listed
inter-component edge), merging C; and C, into {a,b,c,d, g},
giving the join b—c; then, among the edges linking the two re-
maining components (ab is now internal and no longer eligible;
the candidates are cf = 10, ce = 18, de = 20, fg =12, gh =
13), ¢f = 10 is cheapest, giving the join c—f and leaving a
single component.

The tree obtained after these two merges, shown in Figure 4,

3 10

S
de A
C
4
8
d J
e

Figure 4: Minimum spanning tree.

12

o

is the desired minimum spanning tree.

Summing the weights of its seven edges gives W(T) = 4 +
3+2+10+10+8+12 = 49 for the total weight of this spanning
tree.

It is worth stressing that H must be a maximal independent
set of whichever vertices remain uncovered at that phase: inde-
pendence is exactly what allows all of H’s vertices to be pro-
cessed together in Step 2 without interfering with one another
(compare the proof of Theorem 2.4). Substituting an edge cover
would not even make sense, since H consists of vertices rather
than edges; and a vertex cover would not work either, since
a vertex cover is generally not independent — rather, it is the
complement of an independent set — so using one in place of
H would break the argument. As Remark 2.5 shows, however,
maximality of H alone does not determine how many rounds
the algorithm will take; that depends on which maximal inde-
pendent set is chosen. A comparative summary is provided in
Table 2.

3. Complexity discussion

Number of independent-set phases (rounds), r. This is what
Steps 1-3 iterate; by Remark 2.5 it depends on the choice of
maximal independent set and is not, in general, minimized by
an arbitrary choice. Since each round’s independent set H; is
nonempty whenever U;_; # & (a maximal independent set of
a nonempty graph always contains at least one vertex), every
round covers at least one new vertex, so trivially r < 7 in the
worst case; we do not claim, and have no proof, that any specific
graph class (e.g., path-like graphs) forces r close to this trivial
bound, so we no longer offer such an example.

Number of inserted edges. This is always n — 1 for any
spanning tree, including the one this algorithm outputs, and so
is not a meaningful point of comparison between algorithms.

Sequential running time. A straightforward implementation
computes a maximal independent set of the currently uncov-
ered induced subgraph greedily in time linear in its size, and
for each selected vertex scans its incident edge list, together
O(n + m) per round in the worst case, giving O(r(n + m)) across
all rounds in the worst case, which by the trivial bound r < n
above is O(n(n + m)) in the worst case. The completion phase
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Table 2: Comparison of Prim’s, Kruskal’s, and Bhapkar’s algorithms.

Prim’s algorithm

Kruskal’s algorithm

Bhapkar’s algorithm

Begins from an arbitrarily chosen vertex

Directly grows a single spanning tree;
can be restarted once per component for
a minimum spanning forest on a
disconnected graph

Grows a single tree one vertex at a time

With a binary heap, runs in O(m log n)
time

Construction begins at a single chosen
root vertex

A vertex’s priority key in the heap may
be updated (decrease-key) multiple
times over the run

Begins by sorting all edges; processes
them in nondecreasing weight order, ties
broken by a fixed rule

Directly applicable to disconnected
graphs, yielding a minimum spanning
forest, since it never requires
connectivity to pick a next safe edge
Builds up a forest by admitting edges
one at a time

Runs in O(mlog m) = O(mlogn) time
after sorting

Scans edges in nondecreasing order of
weight, with ties resolved consistently
Processes edges, not vertices; each
vertex participates in one or more
FIND/UNION operations

Begins from a maximal independent set
of vertices

Applicable to disconnected graphs only
after the modification of Remark 2.1
(run once per component); Theorem 2.4
as proved assumes G connected

Builds up a forest by admitting batches
of vertices and their cheapest safe edges
together, one maximal independent set
per round

Worst-case O(r(n + m) + mlog m)
(Section 3); whether r can be kept small
enough, with an efficient
implementation, to beat the above
bounds is open

Construction begins from a set of
mutually non-adjacent vertices

May be inspected in multiple rounds
while independent sets are built (an
uncovered vertex is reconsidered next

round); may also be an edge endpoint or
involved in Step 4 FIND/UNION operations

(Step 4) can be implemented exactly as the tail of Kruskal’s al-
gorithm, using a disjoint-set union structure on a single sort of
all m edges by weight, in O(mlogm) time. The overall worst-
case sequential bound is therefore O(r(n + m) + mlog m), which
does not improve on the classical O(m logn) bounds for Prim’s
or Kruskal’s algorithms in the worst case; the independent-set
phases add overhead rather than removing it, and any advan-
tage would require r to be sufficiently small, together with a
more careful implementation of the independent-set construc-
tion than the naive one analyzed here; we do not have a proof
that any particular graph class (e.g., bounded-degree graphs)
guarantees a small r, and we do not claim one.

Work and depth in a parallel model. 1f Steps 1-2 are exe-
cuted with all vertices of H; processed simultaneously, this is
naturally a parallel algorithm, and a rigorous treatment would
state a model (e.g., CRCW PRAM, CREW PRAM, or a dis-
tributed message-passing model), account for both the total
work and the parallel depth of constructing H; itself (maxi-
mal independent set construction is not free in parallel; see,
e.g., Ref. [21]), and compare against known parallel MST al-
gorithms. We do not carry out such an analysis here and flag it
explicitly as future work, rather than as an established advan-
tage of the method.

In particular, the claim that the algorithm “takes a minimum
number of steps” (as stated in earlier drafts of the Abstract) is
not established by anything in this paper and has been removed;
only the qualitative observation that a whole maximal indepen-
dent set is processed per round, potentially reducing r below

n — 1, is retained.

4. Comparison with the existing algorithms

This section sets side by side the key characteristics of
Prim’s algorithm, Kruskal’s algorithm, and the algorithm pro-
posed here (Bhapkar’s algorithm) in Table 2.

5. Conclusion

This paper has introduced a new procedure for building a
minimum spanning tree of a connected graph, which, run once
per component (Remark 2.1), also gives a minimum-spanning-
forest procedure when the graph is disconnected, by admitting
vertices and their cheapest safe edges in coordinated batches
drawn from a maximal independent set at each round (Theo-
rem 2.4; see Remark 2.3 for the sense in which this batching
is a scheduling of the classical safe-edge rule rather than a new
optimality principle). The worked example given above con-
firms that the procedure produces a correct minimum spanning
tree in two rounds on that particular graph; as Remark 2.5 and
Section 3 discuss, this does not by itself establish that the num-
ber of rounds, let alone the running time, is smaller than Prim’s
or Kruskal’s algorithms on graphs in general, and establishing a
general asymptotic comparison against existing algorithms re-
mains a task for future work. A natural next step, left open here,
is to identify graph classes or choice rules for the maximal in-
dependent set under which the number of rounds r is provably
small.
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