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Abstract

Givenasimple graph G = (V, E), asubsetof E is called a triangle cover if it intersects
each triangle of G. Let v,(G) and t;(G) denote the maximum number of pairwise
edge-disjoint triangles in G and the minimum cardinality of a triangle cover of G,
respectively. Tuza (in: Finite and infinite sets, proceedings of Colloquia Mathematica
Societatis, Janos Bolyai, p 888, 1981) conjectured in 1981 that 7; (G) /v; (G) < 2 holds
for every graph G. In this paper, we consider Tuza’s Conjecture on dense random
graphs. Under G(n, p) model with a constant p, we prove that the ratio of t;(G) and
V¢ (G) has the upper bound close to 1.5 with high probability. Furthermore, the ratio
1.5 is nearly the best result when p > 0.791. In some sense, on dense random graphs,
these conclusions verify Tuza’s Conjecture.

Keywords Triangle cover - Triangle packing - Random graph - G (n, p) model

1 Introduction

The main motivation for this paper is an old conjecture of Tuza about packing and
covering of triangles by edges. A triangle packing in a graph G is a set of pairwise
edge-disjoint triangles. A triangle edge cover in G is a set of edges meeting all triangles.
We denote by v; (G) the maximum cardinality of a triangle packing in G, and by 7;(G)
the minimum cardinality of a triangle edge cover for G. It is clear that for every graph
G we have 1 < 1,(G)/v;(G) < 3. In 1981, Tuza proposed the following conjecture:
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Conjecture 1 [Tuza’s Conjecture (Tuza 1981)] t,(G)/v;(G) < 2 holds for every
simple graph G.

Related work This conjecture was verified for many classes of graphs. The conjecture
is known to be true for certain special classes of graphs, for example, despite having
received considerable attention, Tuza’s Conjecture is still open. Tuza’s Conjecture has
been studied by many authors. Other authors have pursued the conjecture by showing
that the desired bound 7, (G)/v,;(G) < 2 holds for certain special classes of graphs.

In particular, Tuza (1990) verified it for planar graphs, Ks-free chordal graphs
and for dense graphs, specifically for graphs on n vertices and with at least %nz
edges. Haxell and Kohayakawa (1998) proved that if G is a tripartite graph, then
7 (G) /v (G) < 1.956.

The complete graphs K4 and K5 show that this bound is tight. Another general-
ization of the planar case was given by Krivelevich (1995), who showed that Tuza’s
Conjecture holds for graphs with no K3 3-subdivision. Krivelevich (1995) also proved
that a version of Tuza’s Conjecture holds when 7;(G) or v;(G) is replaced by its frac-
tional relaxation 7,*(G) or v/ (G), where instead of asking for a set of edges Y or a set
of edge-disjoint triangles 7', one instead asks for a weight function on the edges or the
triangles of G, subject to constraints on the weight function which model the original
constraintson Y and T .

Lakshmanan et al. (2012) showed that it holds for the class of triangle-3-colourable
graphs, where a graph G is triangle-3-colourable if its edges can be coloured with three
colours so that the edges of each triangle receive three distinct colours. This is a direct
consequence of the case r = 3 of Ryser’s Conjecture proved by Aharoni: indeed,
if G is triangle-3-colourable, then the triangle hypergraph of G is clearly 3-partite.
Since the class of triangle-3-colourable graphs contains that of 4-colourable graphs
(Lakshmanan et al. 2012), the previous result is a generalization of the planar case
mentioned above.

Weighted versions of the problem were studied in Chapuy et al. (2014). Chapuy
et al. (2014) improved Krivelevich’s bound of t;(G) < 2v(G) to the stronger bound
7(G) < 2v/(G) — \/Lg\/vt*(G), and proved that this bound is tight. Chapuy, DeVos,
McDonald, Mohar, and Schiede also extended Tuza’s result on planar graphs, as well
as Haxell’s result, to the context of weighted graphs.

The best general upper bound on 7;(G) in terms of v;(G) is due to Haxell (1999),
who showed that 7;(G)/v;(G) < 66/23 for all graphs G.

Puleo (2015) introduced a set of tools for dealing with graphs that contain vertices
of small degree, and verified Tuza’s Conjecture for graphs with maximum average
degree less than 7, i.e., for graphs in which every subgraph has average degree less
than 7.

For all the classes mentioned so far, the conjecture is tight, since they contain either
K4 or Ks. Therefore, a natural question arises: What happens if we forbid K4? Haxell
et al. (2012b) showed that the constant 2 cannot essentially be improved: for every
& > Othere exists a K4-free graph G, satistying 7;(G.)/v;(G¢) > 2—e¢. Krivelevich’s
result was also extended by Haxell et al. (2012b), who proved a stability theorem: if
7(G) = v/ (G) — x, then G contains a family of pairwise edge-disjoint subgraphs
consisting of v;(G) — [10x] copies of K4 as well as | 10x | triangles.
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Moreover, several graph classes for which it holds are known. For example, since
every graph G has a bipartite subgraph with at least |E(G)|/2 edges and since the
complement of this edge set is clearly a triangle-transversal of G, we have that
Tuza’s Conjecture holds if G has many edge-disjoint triangles, more precisely at
least | E(G)|/4. The result on planar graphs was extended in a different direction by
Haxell et al. (2012a), who proved that when G is a K4-free planar graph, the stronger
inequality 7:(G)/v:(G) < % holds.

Haxell and R&dl (2001) showed that if G is an n-vertex graph and v;(G) is the
fractional relaxation of v;(G), then v/ (G) — v, (G) = o(n?). As observed by Yuster
(2012), this result together with Krivelevich’s result imply 7, (G) < 2v;(G) + o(nz);
thus, Tuza’s Conjecture is asymptotically true for graphs containing a quadratic-sized
family of edge-disjoint triangles.

The classic random graph models G(n, p) and G(n, m) can be regarded as special
graph classes, and the probabilistic properties between t;(G) and v;(G) can also
be considered. Bennett et al. (2020) showed that 7;(G) < 2v;(G) holds with high
probability in G(n, m) model where m < 0.2403n15 or m > 2.1243n!5. Relevant
studies in random graph models were discussed in Krivelevich (1997), Ruciriski (1992)
and Baron (2016). Other extensions related to Conjecture 1 can be found in Erdos et al.
(1996), Hosseinzadeh and Soltankhah (2015), Lakshmanan et al. (2016), Chen et al.
(2016a,b, 2018), Puleo (2015, 2017), Tang and Diao (2020), Botler et al. (2018,
2019), Munaro (2018) and Chalermsook et al. (2020).

Our contributions We consider Tuza’s conjecture on random graph, under the proba-
bility model G(n, p).

— Given 0 < p < 1, under G(n, p) model, Pr({v;,v;} € G) = p for all v;, v;
with these probabilities mutually independent. We use the probabilistic methods
to derive the probabilistic properties of the ratio of triangle cover and packing
number on dense random graphs. Formally, one of our main theorems is as follows:
If G € G(n, p) and p = §2(1), then for any 0 < € < 1, it holds that

Pr[w(G) < 1.5(1 +e)v:(G)]=1-o0o(1).

— Consider G(n, p) with a large constant p within value 1, the ratio 1.5 is almost
unimprovable: If G € G(n, p) and p > 0.791, then for any 0 < € < 1, it holds
that

Pr(z(G) < 1.5(1 — v, (G)] = o(1).

The main content of the article is organized as follows: Some definitions and termi-
nologies are introduced in Sect. 2; In Sect. 3, the theorems in G(n, p) random graph
model are proved; In Sect. 4, the conclusions are summarized and some future works
are proposed. The appendix provides a list of mathematical symbols and classical
theorems.
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2 Preliminaries

This section will introduce some probabilistic techniques and triangle-related termi-
nologies in graph theory. Firstly, we introduce some symbols in asymptotic analysis
as follows.

- f(n)=0(gm):3¢c>0,np € Ny,Vn > no,0 < f(n) < cgn).

- fm)=R2(gm):3c>0,n0 e N_,Vn >np,0 < cgn) < f(n).

- f(n) =0mn):3c2 = c1 >0,n0 € Ny, Vn > np, 0 < c1gn) < f(n) <
c28(n).

— f(n)y=o0(g(n)):Yc>0,3ng e Ny, Vn>np,0< f(n) <cgn).

- fm)=w(gn):Vc>0,3nyg € Ny, Vn >np,0 <cgn) < f(n).

Next, we introduce three important probabilistic properties, which will be used
repeatedly in the proofs of this paper. The following one is simple but valuable.

Lemma 1 A(n) and B(n) are two events with parameter n. If Pr[A(n)] = 1 — o(1),
then Pr[B(n)] > Pr[B(n)|A(n)] — o(1).

Proof Since Pr[A(n)] = 1 — o(1), we have

Pr[B(n)] - Pr[A(n)] = Pr[B(n)] — Pr[B(n)] - o(1)
= Pr[B(n)] —o(1) = Pr[A(n) N B(n)] — o(1).

As o(1)/Pr[A(n)] = o(1), we derive
Pr[B(n)]=Pr[A(n) N B(n)]/Pr[A(n)] — o(1)/Pr[A(n)]=Pr[B(n) | A(n)] — o(1),

which completes the proof. O

Union Bound Inequality says that for any finite or countable set of events, the
probability that at least one of the events happens is no greater than the sum of the
probabilities of the individual events.

Lemma 2 (Union Bound Inequality) For any finite or countably infinite sequence of
events E1, Ea, ..., then

Pr| (JE | <D Pr(E).

i>1 i>1

Chernoff’s Inequalities (Alon and Spencer 2008; Mitzenmacher and Upfal 2005)
give exponentially decreasing bounds on tail distributions of sums of independent
random variables.

Lemma 3 (Chernoff’s Inequalities) Let X1, X2, ..., X, be mutually independent 0-1
random variables with Pr[X; = 1] = p;. Let X = Z?:l X; and u = E[X]. For
0 < € < 1, then the following bounds hold:

PriX > (I +e)ul < e <*3, PriX <(1—epu] <e M2

@ Springer



Journal of Combinatorial Optimization (2022) 44:3153-3164 3157

Furthermore, we give some definitions and terminologies in graph theory. Given a
simple graph G = (V, E), denote the vertex number as n = | V| and the edge number
as m = |E|. §(G) is the minimum degree of graph G and b(G) is the maximum
number of edges of sub-bipartite in G. An edge subset § is a triangle cover of G if
G — S is triangle-free. 7;(G) is the minimum cardinality of a triangle cover in G. A
collection of pairwise edge-disjoint triangles is called a triangle packing of G. v, (G) is
the maximum cardinality of a triangle packing in G. t;*(G) is the minimum cardinality
of a fractional triangle cover in G and v;"(G) is the maximum cardinality of a fractional
triangle packing in G.

The random graph model we consider in this paper is G(n, p). Given 0 < p < 1,
Pr({v;,v;} € G) = p for all v;, v; with these probabilities mutually independent.

3 Triangle packing and covering in G(n, p) model
3.1 The ratio with high probability

In this section, we discuss the probability properties of graphs in G(n, p). The follow-
ing result shows the high probability of the relationship between 7, (G) and v;(G) for
G € G(n, p) with p = £2(1). The proof can be found in the conference version of
this paper (Tang and Diao 2020).

Theorem 1 If G € G(n, p) and p = 2(1), then for any 0 < € < 1, it holds that

Pr((G) < 1.5(1 + v (G)] = 1 — o(1).

3.2 The ratio with small probability

In this section, we will prove under G(n, p) model with p = §2(1), p > 0.791, the
ratio 1.5 is nearly the best result, which means for any real number 0 < € < 1,
7;(G) < 1.5(1 — €)v:(G) holds with small probability (see Theorem 2). Theorem 2 is
our main result: If G € G(n, p) and p > 0.791, then for any 0 < € < 1, it holds that

Prz(G) < 1.5(1 —e)v:(G)] = o(1).

The primary idea behind the theorem is as follows:

— First, in Lemma 7, we prove that b(G) < (1 + ¢€) é p holds with high probability
by using the Chernoff’s bounds technique;

— Second, in Lemma 8, we prove that 7; (G) > (1 —¢) "("T_l) p holds with high prob-
ability through combining the Chernoff’s bounds technique and the relationship
between b(G) and t;(G) when the graph is dense enough in Balogh et al. (2006).

— Combining the results in Lemmas 5 and 8, Theorem 2 holds.

Recall that b(G) is the maximum number of edges of sub-bipartite in G. There are
four basic properties of graph parameters in Lemma 4. The first three holds in every
graph, while the last one shows the boundary condition of triangle-free in G(n, p).
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The result of Lemma 5 gives an upper bound for v,(G) with high probability. The
proofs of Lemmas 4 and 5 can be found in Tang and Diao (2020).

Lemma4 (i) b(G) > m/2 for every graph G.
(1) ©(G) < m/2 for every graph G.
(iii) v¢(G) < m/3 for every graph G.
@iv) If G € G(n, p) and p = o(1/n), then G is triangle-free with high probability.

Lemma5 IfG € G(n, p) and p = $2(1/n), then for any 0 < € < 1, it holds that

(n—1)

Pr[vz(G)s(lJre)" < p]zl—o(]).

Clearly, for complete graph K,,, then 7;(K,) = (;) — b(K,). Let p be the least

number so that any graph G with §(G) > p|V(G)| has ©;(G) = |E(G)| — b(G).
Lemma 6 (Balogh et al. 2006) p < 0.791.

We know that b(G) > m /2 from Lemma 4(i). Additionally, in G(n, p) model, we
give the upper bound of »(G) with high probability.

Lemma7 IfG € G(n, p) and p = 2(1), for any 0 < € < 1, it holds that

np
Pr [b(G) <1+ E)T] =1-o(1).

Proof Applying Union Bound Inequality, we have

Pr |:b(G) > (1 ~|—6)T:|

_ Pr[ESg Vs > (1+E)T:|
2

S pr [d(s) > (1 +e)%}

Scv

n—1 nzp
= Z Z Pr [d(S) > (1 +e)T}

k=1|S|=k

IA

n—1

Z Z Pr(d(S) > (1 + e)k(n — k) p]

k=1|S|=k

IA

n—1

-y (n)Pr [d(S) > (1 + k(n — k) p with |S] = k],

k=1 k
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where d(S) is the number of edges between S and V\S. For a subset S € V with
|S| = k, we have

E[d(S)] = k(n — k) p.

Using Chernoff’s Inequality,

e2p
Pr[d(S) > (1 +€)k(n —k)p] < exp {_Tk(n — k)} )

Define function f(k):

2
Flk) = (Z) exp {—ETpk(n — k)} .

We only need to prove:

n—1
> f() < nmax f(k) < o(1). (1

k=1

Since f (k) = f(n — k), without loss of generality, we assume that the maximum

value of f (k) achieves when 1 < k < |n/2].Leta = GTP > 0 and notice that

n en\k
<k> =(%)
Define function g(x) inx € [1,n/2]:

g(x)=In ((%)x exp{—ax(n — x)})

= x(Inn+1)—xInx —ax(n — x).

We know that

k) < .
<Ay T = 2, e )

X
Let! = — and compute derivative of g(x):
n

g (x)=In(1/l) +an2l — 1) =0.

As n — oo, we know that lim,, ./ = % Since the maximum value of function
achieves at the boundaries or stationary points,

max _g(x) = max{g(l), g(n/2 —o(n))}.

1<x<n/2
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Thus,
7 max f (k) < max{n - exp{g(1)}, n - exp{g(n/2 — o(n))}}.
Compute the value of n - exp{g(1)}:

n -exp{g(1)}
= en’- exp{—a(n — 1)}
= o(1).

Compute the value of n - exp{g(n/2 — o(n))} and notice that o(n) < n/6 when n is
sufficiently large.

n-exp{g(n/2 —o(n))}

en n/2—o(n)
—n. (m> exp{—a(n/2 + o(n))(n/2 — o(n))}

IA

en \"?

n- <—> exp{—a(n®/4 — o(n?))}
n/3

n - (3e)"? exp{—a(n’/4 — n*/36)}

= n-(3e)"? exp {_2?0‘”2}

= o(1).

A

Therefore, (1) holds, which completes the proof. O

It is worth noting that the 1.5 in Theorem 1 is nearly the best possible whenever
p > 0.791, which is a corollary of the following lemma.

Lemma8 IfG € G(n, p) and p > 0.791, then for any 0 < € < 1, it holds that

(n—=Dp

Pr[rt(G)z(l—e)-n - }:1—0(1).

Proof Consider an arbitrary vertex v € V(G). For each u € V(G) \ {v}, let X,, be
the random variable defined by X, = 1 if uv € E(G) and X,, = 0 otherwise. Note
that X,,, u € V(G) \ {v} are independent O-1 variables satisfying E[X,] = p, and
the degree of v, written as d(v) satisfies d(v) = ZueV(G)\{v} X, and E[d(v)] =

(n — 1)p. By Theorem 6, we know that p < 0.791. Let ¢y = E(l — ﬁ). So
| .
0.791(1 — €g) = 5(0.791 4+ p) > p. We can choose sufficiently large n to make

p(l —e)(n—1) > 0.791(1 —€p)(n — 1) = %(0.791 + p)(n — 1) > pn. Using
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Chernoff’s Inequality and Union Bound Inequality, we obtain

( € (n — l)p)
Prid(v) < pn] < Pr[d(v) < (1 —ep)(n — 1)p] < exp i

Pr(6(G) < pn] = Pr[d(w) < pn for some w € V(G)]
200 —
<n-exp (—M) =o(1).

In turn, the definition of p gives Pr[t;(G) # m — b(G)] < Pr[6(G) < pn] = o(1).
It follows that

Pr |:m _bGy x> Uz = Dp 6)":" - l)p]
(2)
< Pr |:1:,(G) > W] +o(1).

Let A denote the event that
—1 2
m> (1_5)Mandb(@ - <1+E)M_
4 2 4/ 4

Applying Lemma 7 and Chernoff’s Inequality, we obtain

2
Pr [b(G) > (1 + 2) %} =o(1),

o 15205
- refo= (1 s

_ ’Elm]\
= exp| ==, )=o),

which imply Pr[A] = 1 — o(1). Therefore, it follows from Lemma 1 that

4
(1 6)n(n (d=enmr—-Dp

Pr |:m —b(G) > w]

=Pr |:m —b(G) >

] oo

Pr [(1 - 4) nn—Dp _ - Dp (1 n Z) Tp > dzent=Dp e)n;" - DP} o(1)

Pr[(l + %) n—1)> (1 n Z)n] —o(1).

v
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Since (1 +€/2)(n — 1) > (1 + €/4)n holds for sufficiently large n, we deduce from
(2) that

Pr |:tt(G) . (1 - e)n;n — 1)pi|
> Pr |:m —b(G) > W] —o(1)
—1-0(1),
as desired. O

Theorem2 IfG € G(n, p) and p > 0.791, then for any 0 < € < 1, it holds that
Prz(G) < 1.5(1 —e)v:(G)] = o(1).

Proof Let A denote the event that

e\ nin—1) ey nn—1p
n(G) = (1-3) =5 —p and w(©) = (145) =",
.. 1—€/2
Combining Lemmas 5 and 8 we have Pr[A] = 1 — o(1). Note that 1 — ¢ < Te)2
€
Therefore, recalling Lemma 1, we deduce that
Pr[7(G) = 1.5(1 — e)1:(G)]
1—¢/2
>Pr|5(G)>1.5- ———v(G)
14+¢€/2
= Prl o) =15 2%, )l al — o)
r . . J—
=A== o °
=1-o(D),
which establishes the theorem. O

4 Conclusion and future work

We consider Tuza’s conjecture on random graphs, under the probability model G (n, p).
Two results are following:

- If G € G(n, p) and p = £2(1), then for any 0 < € < 1, it holds that
Pr7;(G) < 1.5(1 +e)v(G)]=1—o0(1).
- If G € G(n, p) and p > 0.791, then for any 0 < € < 1, it holds that

Pr[z(G) < 1.5(1 — e)v;(G)] = o(1).
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Combining the above two probability results, we show that the ratio of t;(G) and
v (G) is approximately equal to 1.5 when p is a large constant: If G € G(n, p) and
p > 0.791, then for any 0 < € < 1, it holds that

Prl.5(1 — e)v(G) < 7 (G) < 1.5 +€)vi(G)] =1 —o(1).

To a certain extent, these inequalities are stronger than that of Tuza’s conjecture on
dense random graph.

Future work In dense random graphs, it is worth noting these results nearly imply the
ratio of 7;(G) /v;(G) is 1.5 holds with high probability. It is interesting to consider the
same problem in sparse random graphs.

Acknowledgements The authors are very indebted to Professor Xujin Chen and Professor Xiaodong Hu
for their invaluable suggestions and comments. This research is supported part by National Natural Science
Foundation of China under Grant Nos. 11901605, 71801232, 12101069, the disciplinary funding of Central
University of Finance and Economics, the Emerging Interdisciplinary Project of CUFE, the Fundamental
Research Funds for the Central Universities and Innovation Foundation of BUPT for Youth (500421358).

Funding The authors have not disclosed any funding.

Data Availability Enquiries about data availability should be directed to the authors.

Declarations

Conflict of interest The authors declare that they have no conflict of interest.

Ethical approval This article does not contain any studies with human participants or animals performed
by any of the authors.

References

Alon N, Spencer JH (2008) The probabilistic method, Wiley-Interscience series in discrete mathematics
and optimization, 3rd edn. Wiley, New York

Balogh J, Keevash P, Sudakov B (2006) On the minimal degree implying equality of the largest triangle-free
and bipartite subgraphs. ] Combin Theory Ser B 96(6):919-932

Baron JD (2016) Two problems on cycles in random graphs. PhD thesis, Rutgers University-Graduate
School-New Brunswick

Bennett P, Dudek A, Zerbib S (2020) Large triangle packings and Tuza’s conjecture in sparse random
graphs. Combin Probab Comput 29(5):757-779

Botler F, Fernandes CG, Gutiérrez J (2018) On Tuza’s conjecture for graphs with treewidth at most 6. In:
Anais do III Encontro de Teoria da Computagdo. SBC

Botler F, Fernandes C, Gutiérrez J (2019) On Tuza’s conjecture for triangulations and graphs with small
treewidth. Electron Notes Theor Comput Sci 346:171-183

Chalermsook P, Khuller S, Sukprasert P, Uniyal S (2020) Multi-transversals for triangles and the Tuza’s
conjecture. In: Proceedings of the fourteenth annual ACM-SIAM symposium on discrete algorithms.
SIAM, pp 1955-1974

Chapuy G, DeVos M, McDonald J, Mohar B, Scheide D (2014) Packing triangles in weighted graphs. SIAM
J Discrete Math 28(1):226-239

Chen X, Diao Z, Hu X, Tang Z (2016a) Sufficient conditions for Tuza’s conjecture on packing and covering
triangles. Lecture Notes Comput Sci 9843:266-277

@ Springer



3164 Journal of Combinatorial Optimization (2022) 44:3153-3164

Chen X, Diao Z, Hu X, Tang Z (2016b) Total dual integrality of triangle covering. Lecture Notes Comput
Sci 10043:128-143

Chen X, Diao Z, Hu X, Tang Z (2018) Covering triangles in edge-weighted graphs. Theory Comput Syst
62(6):1525-1552

Erdos P, Gallai T, Tuza Z (1996) Covering and independence in triangle structures. Discrete Math 150(1—
3):89-101

Haxell PE (1999) Packing and covering triangles in graphs. Discrete Math 195(1):251-254

Haxell PE, Kohayakawa Y (1998) Packing and covering triangles in tripartite graphs. Graphs Combin
14(1):1-10

Haxell PE, Rodl V (2001) Integer and fractional packings in dense graphs. Combinatorica 21(1):13-38

Haxell P, Kostochka A, Thomassé S (2012a) Packing and covering triangles in K4-free planar graphs.
Graphs Combin 28(5):653-662

Haxell P, Kostochka A, Thomassé S (2012b) A stability theorem on fractional covering of triangles by
edges. Eur J Combin 33(5):799-806

Hosseinzadeh H, Soltankhah N (2015) Relations between some packing and covering parameters of graphs.
In: The 46th Annual Iranian mathematics conference, p 715

Krivelevich M (1995) On a conjecture of Tuza about packing and covering of triangles. Discrete Math
142(1):281-286

Krivelevich M (1997) Triangle factors in random graphs. Combin Probab Comput 6(3):337-347

Lakshmanan SA, Bujtas C, Tuza Z (2012) Small edge sets meeting all triangles of a graph. Graphs Combin
28(3):381-392

Lakshmanan A, Bujtds C, TuzaZ (2016) Induced cycles in triangle graphs. Discrete Appl Math 209:264-275

Mitzenmacher M, Upfal E (2005) Probability and computing: randomized algorithms and probabilistic
analysis. Cambridge University Press, Cambridge

Munaro A (2018) Triangle packings and transversals of some K4-free graphs. Graphs Combin 34(4):647—
668

Puleo GJ (2015) Tuza’s conjecture for graphs with maximum average degree less than 7. Eur J Combin
49:134-152

Puleo GJ (2017) Maximal k-edge-colorable subgraphs, Vizing’s theorem, and Tuza’s conjecture. Discrete
Math 340(7):1573-1580

Rucinski A (1992) Matching and covering the vertices of a random graph by copies of a given graph.
Discrete Math 105(1-3):185-197

Tang Z, Diao Z (2020) Packing and covering triangles in dense random graphs. Lecture Notes Comput Sci
12577:426-439

Tuza Z (1981) Conjecture. In: Finite and infinite sets, proceedings of Colloquia Mathematica Societatis.
Janos Bolyai, p 888

Tuza Z (1990) A conjecture on triangles of graphs. Graphs Combin 6(4):373-380

Yuster R (2012) Dense graphs with a large triangle cover have a large triangle packing. Combin Probab
Comput 21(6):952-962

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

@ Springer



	Triangle packing and covering in dense random graphs
	Abstract
	1 Introduction
	2 Preliminaries
	3 Triangle packing and covering in mathcalG(n,p) model
	3.1 The ratio with high probability
	3.2 The ratio with small probability

	4 Conclusion and future work
	Acknowledgements
	References




