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\ 3V otfivation <" Orders

* Inreal-world scenarios, the order of textual descriptions significantly

Random The edges £ of the graph are shuffled randomly.
Breadth-First Search (BFS) Order Sequentialize the edegs

Influences how humans interpret relationships between entities.

» To betterunderstand, let’s abstract relationships between entlct|66$ with BFS.
into graph representations: Depth-First Search (DFS) Order Sequentialize the edges
: . : C1 N6
For a standard benzene ring, which of the following with DFS.

two descriptions is easier for humans to understand? 3 PageRank (PR) Order Nodes are sorted in descending

order by their PageRank scores PR(v), where PR(v) =

Description One Description Two

PR(u)
x Zue]\f‘l(v) IV (W)

highest-ranked, edges to its neighbors u € N (v) are added
to the edge list Lp.
Personalized PageRank (PPR) Order For PPR, the ranking is

PRgs(u)
) v w)

- (1 — a). For each node, starting with the

C1-C2, C2-C3, C3-C4,
C4-C5, C5-C6, Co6-C1

C3-C4, C1-C2, C5-C6,
C2-C3, C4-C5, Co6-C1

Humans need to reorganize the
information to understand what 1t 1s.

Humans can immediately recognize
that this is a benzene ring!

F(1— o) - ey.
BFS Order

In an undirected graph , (7, /) means that
node 7 and node ; are connected with an
edge, and the edges are:

0, 1), (0, 2), (0, 3), (0, 4), ...

computed as PRg(v) = a )., cp -
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Random Order

In an undirected graph, (7, /) means that
node / and node ; are connected with an
edge, and the edges are:

(6, 1), (6, 2), (0, 3), (4, 5), ...

 The order of graph description has a significant impact on human

understanding of its structure. Does this effect also exist in LLMs?

& Graph Description Generation Framework

we designed six types of graph tasks to assess how four graph traversal

orders (DFS, BFS, PR, PPR) affect LLMs’ reasoning performance.
Prompt

Connectwlty Detection Cycle Detection Node Class1ﬁcatlon

g 0 S 0 0 <Description with BFS>!
= 0 9 In an undirected graph,
E (1, J) means that node 1
=N Hamlltonlan Path Topology Sort Shortest Path and node j are connected
— with an edge, and the
g ?(C)ig::)s 8216624()0,(?,6()0, 2)’ Random Random{ 0. S5 204 60
QO 2,5), ... + LLM: M BFS [RES BFS{ 265 00 223 -122 -I15 40
Reordered Graph Description <Cycle Detect>: - I ., B
Reordel’ed in BFS Ol’del/‘ Q: IS there a Cycle in thlS -0
In an undirected graph, (i, j) graph? PR {56 : ' 0 - 1o ' o 00 08
\, means that node i and node j are oPR o | o =20
Seonnected with an de, a0d e <71, spore CoT>s - B i
0, 4), (1, 6), (2. 5), ... Let’s think step by step. (a) Connectivity (b) Hamilton Path
> Task characteristics determine optimal ordering strategy

» Connectivity task need local view
» Hamilton Path need global view
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» Ordered descriptions consistently outperform random

baseline.

» Complextasks benefit more from ordering.

» Different prompting methods maintain ordering benefits”

Shortest

> Path overlap affects performance - shortest order with
highest overlap achieves best performance, while
longest with lowest overlap performs worst.

Ordering enhances understanding beyond overlap - DFS has
higher overlap than BFS, yet BFS outperforms DFS

BFS

DFS Random Longest

characteristics determine the optimal
ordering strategy.
» Structured description ordering can

enhance LLMs' understanding of graphs.



