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Spectral extremal problems for degenerate graphs
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#ZE . A family of graphs is called degenerate if it contains at least one bipartite graph.
In this paper, we investigate the spectral extremal problems for a degenerate family of
graphs F. By employing covering and independent covering of graphs, we establish a
spectral stability result for F. Using this stability result, we prove two general theorems
that characterize spectral extremal graphs for a broad class of graph families F, yielding
several new findings as well as reaffirming some known results. Furthermore, we establish
the correlation between extremal graphs and spectral extremal graphs for F. In particular,
we determine the unique spectral extremal graph when F = {M 1, F}, F = {K, 11, Prs1},
F ={Csp,K,41} or F = {Csp, Ms41}, where M, denotes a matching of size s + 1, F'is

a color-critical graph, and C, represents the set of cycles of length at least k.
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Localized and weighted versions of extremal problems
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#ZE: Malec and Tompkins (EUJC, 2023) considered the localized versions of Turdn-type
problems, and proved a localized theorem on Erdés-Gallai Theorem on paths. Zhao and
Zhang (JGT, 2025) gave a long proof of a localized version of Erdés-Gallai Theorem on
cycles.

In this paper, we consider several types of generalization of Turan-type problems, that
is, localized versions, weighted versions, and generalized Turdn-type problems, and their
connectedness. We mainly present very short proofs for recent results of Malec-Tompkins
and Zhao-Zhang, respectively. We also present a short proof of a weighted localized Turan-
type theorem on paths, which uses Small Path Double Cover Conjecture, which was pro-
posed by Bondy (JGT, 1990) and confirmed by Hao Li (JGT, 1990). We present localized
versions of Balister-Bollobas-Riordan-Schelp Theorem (JCTB, 2003) on paths and Erdds-
Gallai Theorem on matchings, and show that our first localized result implies Balister-
Bollobas-Riordan-Schelp Theorem, Erdds-Gallai Theorem, and Malec-Tompkins Theorem
on paths. We present generalized Turdn-style generalizations of the Malec-Tompkin’s Theo-
rem, and discuss the relationship between some previous theorems in different motivations.
Lastly, we also give a brief introduction to localized versions of Turan theorem, its weighted

versions and related Ramsey-Turan type problems.

|EANE I T, EHRTEE. MR, AR EATE AL R
M ERE RS . SRS AE RS, RS ERM A AR (R 183X 60 &5,
LR 1 G, AR R AR e & EMROL T Woodall 78 1975 4EE2 I K BISEAE, 1%
EAEHE JCTB Hi %% Bondy Ml Murty 5124 K@U 50 MNARMSRIE (8 7), WERTE
ZMENS AR Graph Theory with Applications BIMIsRH. W AEER &S ZRTEANT,
FRERIEGH 4 . GNESES 9 Mt R AR AR RSAE 45 /3 ekesd s, IR
8 JHIBE F T AP RIBE IG5 5 AR TSR — 5% (HEASE 2).



The cops-and-robbers game

2. The game of cops and robbers, which is played on the vertices of some fixed graph
G. Cops and a robber are allowed to move along the edges of GG, and the goal of cops is to
capture the robber. The cop number is the minimum number of cops required to win the
game. The central question is the Meyniel’s conjecture on the cop number of graphs. In
this talk, we will survey the progress on the Meyniel’s conjecture and mention a number of

questions.
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Tight bounds for judicious 3-partitions of graphs
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#ZE: In this talk, we show that every graph with m edges admits a 3-partition such that

—_

2 1

m h(m) and e(Vy, Vs, V3) > gm—i— gh(m),

max e(V;) <

1<i<3 9 +

where h(m) = /2m + 1/4 — 1/2. This answers a problem of Bollobas and Scott affirma-
tively. We also solve several related problems of Bollobds and Scott. All of our results are

tight. This is joint work with Peiru Kuang.
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Packing short paths into bounded degree graphs
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#&Z : Given an undirected graph G = (V, E), the maximum {P;, P; }-packing problem aims
to find a {P;, P;}-packing, i.e. a set of vertex-disjoint i-paths or j-paths in G, to cover
the most vertices. Here a k-path is a subgraph of G isomorphic to P, which is defined
as the simple path with k vertices and k — 1 edges. The number of vertices covered by a
{P;, P;}-packing is called its size.

In this paper, given any graph G with maximum bounded degree d and v(G) vertices,
we give a complete analysis on the absolute bounds on the size of the maximum {P;, P;}-
packing of G with respect to v(G) for all possible integers ¢ and j with 2 < ¢ < j < 4. In
addition, we refine our analysis to obtain better bounds when G is restricted to (2,3)-regular
or cubic graph. These results are achieved by local search algorithms that can generate, in

polynomial time, the desired {P;, P;}-packing of G.
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An improved local search algorithm for the k-star partition problem
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#ZE: Given an undirected graph G = (V| E), the k-star partition problem is to find a
minimum number of vertex-disjoint k~-stars of G that cover all vertices in V. The problem
is NP-hard for any k£ > 3, and there have been several approximation algorithms via local
search. By introducing a set of local improvement operations on small stars, we address an
O(|V|'9)-time algorithm. Through a new amortization scheme, we show that our algorithm
can achieve approximation ratios of 52/29 and k/2 — (k? — k)/(4k* — 2k + 1) for k = 4 and
k > 5 respectively. They both improve the best known results.
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Online flow time minimization: Tight bounds for non-preemptive

algorithms
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{ZE . This paper studies the classical online scheduling problem of minimizing total flow
time for n jobs on m identical machines. Prior work often cites the Q(n) lower bound
of Kellerer, Tautenhahn, and Woeginger (SICOMP 1999) for non-preemptive algorithms
to argue for the necessity of preemption or resource augmentation, which shows the triv-
ial O(n)-competitive greedy algorithm is tight. However, this lower bound applies only
to deterministic algorithms in the single-machine case, leaving several fundamental ques-
tions unanswered. Can randomness help in the non-preemptive setting, and what is the
optimal online deterministic algorithm when m > 27 We resolve both questions. We
present a polynomial-time randomized algorithm with competitive ratio @(\/7%) and
prove a matching randomized lower bound, settling the randomized non-preemptive set-
ting for every m. This also improves the best-known offline approximation ratio from
O(\/n/im log(n/m)) to O(\/%) On the deterministic side, we present a determinis-
tic non-preemptive algorithm with competitive ratio O(n/m? + Wlog m) and prove a
nearly matching lower bound of Q(n/m? + y/n/m).

Our framework also extends to the kill-and-restart model. We reveal a sharp transi-
tion in the competitive ratio of deterministic algorithms under this model: we design an
asymptotically optimal algorithm with the tight competitive ratio of O(W) for m > 2,
while establishing an Q(n/logn) lower bound for m = 1. Moreover, we show that allowing
randomization provides no further advantage, as the lower bound coincides with that of the
non-preemptive setting.

While our main results assume prior knowledge of n, we also investigate the setting
where n is unknown. We show that the kill-and-restart capability is powerful enough to
break the O(n) barrier when m > 2 even without knowing n. Conversely, we prove that
randomization alone is insufficient, showing that no randomized algorithm can achieve a

competitive ratio of o(n) without prior knowledge of n.
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