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• In real-world scenarios, the order of textual descriptions significantly 

influences how humans interpret relationships between entities. 

• To better understand, let’s abstract relationships between entities 

into graph representations: 

For a standard benzene ring, which of the following 
two descrip6ons is easier for humans to understand?
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Can Graph Descriptive Order Affect Solving 
Graph Problems with LLMs?
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Ø Ordered descriptions consistently outperform random 

baseline.

Ø Complex tasks benefit more from ordering.

Ø Different prompting methods maintain ordering benefits

⬆

Probability-based orders

outperform traversal-based orders.

🛠

Orders

Simpler tasks show greater robustness, 

while complex tasks are more sensitive 

to description order.

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

Description One

Humans can immediately recognize
that this is a benzene ring!

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

Description Two

Humans need to reorganize the
information to understand what it is.

• The order of graph description has a significant impact on human 

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

Paper

连通性检测 寻找最短路 汉密尔顿路 拓扑排序

Graph Reordered Graph Description
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In an undirected graph, (i, j) 
means that node i and node j are 
connected with an edge, and the 
edges are: (0, 1), (0, 2), (0, 3),
(0, 4), (1, 6), (2, 5), …
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Connectivity Detection Node Classification
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Cycle Detection
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Topology Sort Shortest Path
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Hamiltonian Path

Prompt
<Description with BFS>:
In an undirected graph, 
(i, j) means that node i
and node j are connected 
with an edge, and the 
edges are: (0, 1), (0, 2),
(0, 3), (0, 4), (1, 6),
(2, 5), …

<Cycle Detect>:
Q: Is there a cycle in this 
graph? 

<Zero-short CoT>:
Let’s think step by step. 

Reordered in BFS order

LLM: 𝓜

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

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

Random The edges ℰ of the graph are shuffled randomly.

Breadth-First Search (BFS) Order Sequentialize the edegs 

with BFS.

Depth-First Search (DFS) Order Sequentialize the edges 

with DFS.

PageRank (PR) Order Nodes are sorted in descending

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

α∑!∈𝒩!" $
%& !
𝒩 !

+ 1 − α . For each node, starting with the

highest-ranked, edges to its neighbors 𝑢 ∈ 𝒩 𝑣 are added

to the edge list ℒ𝒫ℛ .

Personalized PageRank (PPR) Order For PPR, the ranking is

computed as 𝑃𝑅) 𝑣 = α∑!∈𝒩!" $
%&# !
𝒩 !

+ 1 − α ⋅ 𝑒$ .

Random Order
In an undirected graph, (i, j) means that 
node i and node j are connected with an 
edge, and the edges are: 
(6, 1), (6, 2), (0, 3), (4, 5), …
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📊Results

BFS Order

In an undirected graph , (i, j) means that 
node i and node j are connected with an 
edge, and the edges are: 
(0, 1), (0, 2), (0, 3), (0, 4), …
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⬆
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Path Overlapping  or Better Understanding?

Two New Orders: Shortest Path Order (edges ordered by 

the actual shortest path) and Longest Path Order (edges 

ordered by the longest path from source to target).

Ø Path overlap affects performance - shortest order with 

highest overlap achieves best performance, while 

longest with lowest overlap performs worst.

Ø Ordering enhances understanding beyond overlap - DFS has 

higher overlap than BFS, yet BFS outperforms DFS

Conclusion

Ø Graph Descriptive Order greatly affects 

LLMs’ Ability of Solving Graph Problems

Ø Simple Tasks are more robustness to 

descriptive order, while complex tasks 

are more sensitive.

Ø There is no specific order that has the 

best performance across all tasks, as task 

characteristics determine the optimal 

ordering strategy.

Ø Structured description ordering can 

enhance LLMs' understanding of graphs.

Ø Task characteristics determine optimal ordering strategy

Ø Connectivity task need local view

Ø Hamilton Path need global view
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