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Determine if there is a path between
two nodes in the graph. Note that (i,j)
means that node i and node j are
connected with an undirected edge.
Graph: (0,1) (1,2) (34) (4,5)

Q: Is there a path between node 1 and
node 4?

/—{ 2.cycle
0 @

OO
In an undirected graph, (i,j) means that
node i and node j are connected with an
undirected edge.
The nodes are numbered from 0 to 5,
and the edges are: (3,4) (3,5) (1,0) (2,5)
(2.0)
Q: Is there a cycle in this graph?

3.7 Sort
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In a directed graph with 5 nodes
numbered from 0 to 4:

node 0 should be visited before node

4, ..

Q: Can all the nodes be visited? Give the
solution.

In an undirected graph, the nodes are
numbered from 0 to 4, and the edges are:
an edge between node 0 and node 1 with
weight 2, ..

Q: Give the shortest path from node 0 to
node 4.
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Adjacency: In an undirected graph, (i.j} means that node i
and nede | are connected with an undirected edge. G
describes a graph among nodes 0, 1. 2, 3, 4. 5.8, 7, and 8.
The edges in G are: (0, 1) (0. 2) ... (8. 7) (7. 8).

In a directed graph, the nodes are
numbered from 0 to 3, and the edges
are:

an edge from node 1 to node 0 with
capacity 10,

an edge from node 0 to node 2 with
capacity 6,

an edge from node 2 to node 3 with
capacity 4.

Q: What is the maximum flow from node
1 to node 3?

/i 6. Bipartite Graph i }

There are 4 job applicants numbered
from 0 to 3, and 5 jobs numbered from
0 to 4. Each applicant is interested in
some of the jobs. Each job can only
accept one applicant and a job
applicant can be appointed for only one
job.

Applicant 0 is interested in job 4, ...

Q: Find an assignment of jobs to
applicants in such that the maximum
number of applicants find the job they
are interested in.

In an undirected graph, (i,j) means that
node i and node j are connected with
an undirected edge.

The nodes are numbered from 0 to 4,
and the edges are: (4,2) (0,4) (4,3) (0,1)
(0.2) (41) (2.3)

Q:Is there a path in this graph that
visits every node exactly once? If yes,
give the path. Note that in a path,
adjacent nodes must be connected
with edges.

I GIT

In an undirected graph, the nodes are

are connected with an undirected edge.
Embeddings: node 0: [1,1],

The edges are: (0,1) ...

In a simple graph convolution layer, each

its neighbors' embeddings.

numbered from 0 to 4, and every node has an
embedding. (ij) means that node i and node j

node’s embedding is updated by the sum of

Q: What's the embedding of each node after
one layer of simple graph convolution layer?

Can language models solve graph problems in natural language?, 2023, NIPS Spotlight

™
Incident: G describes a graph among nodes 0, 1. 2, 3, 4. 5,
8, 7, and 8. In this graph: Node 0 is connected fo nodes 1, 2.
MNode 1 is connected to nodes 0, 2. MNode 2 is connecied to
nodes 0, 1, 3,4, 5, 7. ... Node 8 is connected to nodes 3, 7.

Friendship: G describes a friendship graph among James,
Robert, Johin, Micheel, David, Mary, Pstricia, Jennifer, and
Linda. We hawve the following edges in G: James and

Robert are friends. ... Jennifer and Linds are fiends. J

Expert: “fou are 8 graph analyst and you have

been given a graph G among A,

H, and I. G has the following undirecied edges:

A>BA-2C .. .H-=L

B.C.0.E.F. G,

(" Politician: G describes a social network graph among
Barack, Jimmy, Amold, Bemie, Bill, Kamala, Hillary,
Elizsbeth, and John. We have the following edges in &

|

Barack and Jimmy are connected. ... Elizabeth and John

are connected. Y,

Graph G

(" Social network: G describes a social network graph
among James, Robert, John, Michael, David, Mary.
Patricig, Jennifer, and Linda. We have the following edges
in G: James and Robert are connecied. ... Jennifer and
\_Linda are connected. _,

-

GOT: G describes a friendship graph among Med, Cat,
Daenerys, Jon, Bran, Sansa, Arya, Cersei, and Jaime.
In this friendship graph: Med and Cst are fiends, Ned and

Dasnerys are fiends, Cst and Daenerys are friends, .,
lk-C‘,tafE.-Ei and Jaime are friends. J

'Co-authorship: G describes a co-authorship graph among

James, Robert, John,

Michzel, Dawid, Mary, Patricia,

Jennifer, and Linda. In this co-suthorship graph: James and
Robert wrote a paper together. ... Jennifer and Linda wrote

paper together..

5P: G describes a friendship graph ameong Eric. Henny, Kyle
Sian, Tolkken, Heidi, Bebe, Liane, and Sharon. In this fiendship
graph: Erc and Kenny are friends, Erc and Kyle are fiends ...,
Heidi and Bebe are frends, Bebe and Liane are friends, Liane and
Sharon are mends.

Talk like a Graph: Encoding Graphs for Large Language Models, 2024, ACL Findings

® L[ Ms Have (Preliminary) Graph Reasoning Abilities ® Graph Encoding Functions Have Significant Impact on

® Appropriate Prompt can help LLM Solve Graph

Problems

LLM Reasoning

® LLMs Lack a Global Veiw of a Graph

Could the order of graph descriptions be a critical, yet overlooked factor?
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MOTIVATION
Why Graph Descriptive Order is So Important?

A Simple Example: For a standard benzene ring, which of the following two
descriptions is easier for humans to understand?
Description One Description Two

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

‘ i C4-C5, C5-Co, Co6-C1 i C2-C3, C4-C5, C6-C1

Humans need to reorganize the information to
understand its structure.

\7 Humans can immediately recognize that this is
| @ benzene ring!

———————————————————————————————————

The order of graph description has a significant impact on human
understanding of its structure. Does this effect also exist in LLMs?

YuyaoGe, Institute of Computing Technology, Chinese Academy of Sciences (ICT)



QUESTIONS

» Does graph description order affect LLM performance in solving
sraph problems?

» Is LLM robustness to graph description order consistent across
different tasks?

> Are specific graph description orders better suited for certain

osraph tasks?
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DESIGN

We designed six types of graph tasks to assess how four graph traversal orders (DFS, BFS, PR,
PPR) affect the reasoning performance of six mainstream LLMs.

Prompt
Connectivitv Detection Cycle Detection Nade Classification
<Description with BFS>:
E’ © In an undirected graph,
= \ (i, j) means that node i and
5 »| node j are connected with
g Hamlltman Path an edge, and the edges are:
g (Os 1)9 (Oa 2)9 (09 3)’ (Oa 4):
& (1,6),(2,5), ..
<Cycle Detect>: " LLM: M
Q: Is there a cycle in this
graph?
Reordered in BF'S order
In an undirected graph, (i, j) EZe,roils.izﬂo{rt CO? "
- \ means that node i1 and node j are et's think step by step.
. (5 connected with an edge, and the[—>
edges are: (0, 1), (0, 2), (0, 3),

0,4),(1,6),(2,95), ...

We organize the descriptions into GraphDO (Graph Description with Order) dataset.

YuyaoGe, Institute of Computing Technology, Chinese Academy of Sciences (ICT)



GraphDO DataSet

Overview Example

8,500 o
o 2We

Carefully filtered graph cases

6 Types Random Order ‘ BFS Order
Topology and graph learning Tasks In an undirected graph, (i, j) In an undirected graph , (i, j)
means that node 1 and node j means that node i and node j
are connected with an edge, are connected with an edge,
S Types and the edges are: and the edges are:
“ =~ Prompting Methods (6,1, (6.2, (0.3), (4, o | | (0,1),(0,2), 0,3, 0. 4), .

"7 Ranging from Zero-shot to CoT

YuyaoGe, Institute of Computing Technology, Chinese Academy of Sciences (ICT)



Finding 1: Order Significantly Affect Performance

Task| Order ‘ Zero-shot  Zero-shot CoT Few-shot CoT CoT-BAG Sampling | Order CORA Pubmed
Acc. A Acc. A
Random 73.93(4 70.71 - 81.07- 83.93( 82.14 (- Random 70,00 _ 72,00 i
E BFS 82.14(111.11)  87.50(123.74)  89.29(110.14)  92.50(110.21)  95.71(116.52) BFS 72.00 1 2.86 74.00 12.78
8 DFS 79.29(7«7_25) 82. 14(T16.16) 87.14(17_49) 88.21”5.10) 89.29(1@,70) Ego DFS 71.33 11.90 77.33 17.40
PR | 77.86(15.32) 83.57(11s10) 85.71(1s5.72) 84291043  87.50(16.53) Pl;i 35-33 1 Z-ﬁl 33-67 ) 14;182
PPR | 7679357  81.07(t1465)  83.93(1353)  84.64(1085)  86.07(rar7s) 333 T4.76 33 1740
Random 79.33 - 69.99 -
Random| — 51.79, 53.57¢ 65.36(-) 75.71¢ 76.07- BFS 82.67 t4.21 74.00 15.73
@ | BFS | 55711757y  56.07(ra6ry  7929(r2131) 86.07(11368)  86.43(113.62) Forest Fire| DFS 8133 12.52 76.00 18.59
E DFS | 52.14¢1068 53931067  7321(r1z.01y  7929a73  81.07(16.57) PR 83.33 15.04 76.00 18,59
PR 55.36(16.80)  5643(15.33y  70.36(17.65  80.36(16.14)  83.21(70.39) PPR 82.00 1336 74.67 1669
PPR 54‘29(T4-83) 55‘00(72.67) 70‘00(T7-10) 79‘29(T4-73) 80.00(1»5_17) .. e
_ [ Random| 10714, 536, 4000, 40, 436, On traditional graph tasks, ordered
£ | BES | 20.00 20.71 57.86 58.57 57.14 o 4o . .
= (186.74) (134.83) (144.65) (127.13) (125.97) 0
S| DFS | 39%mosy FHuiiy TS0emrn  639mmm 9w descriptions result in an improvement of 12%
T | PR | 150014006y 1929(125.50) 489312233y 55.00(110.38)  50.00(110.23) 0 . o g .
PPR | 16430ssa1y  189302sns  50.000msce,  53.931nne 50360100 to 70%, while on the node classification task,
- 0 o
[ e T the improvement ranges from 1.9% to 14.82%
S | BFS | 43214aose) 40.36(120.00) 67.14(115.00)  6143(10.56)  65.00(17.60) . . .
S | DES | 42ldqusen  489Borasy  7786amsre  T4ams 7286201 » The benefits remain consistent across various
~ PR 35‘36(T22-23) 35'71(T14-93) 71.07(722_09) 58.21(T3_82) 65'36(T8.28) o .
PPR | 37.14(28.38) 39.64(ra7.58) 72.50(124.55)  58.93(15.10)  66.43(110.06) promptlng Strategles.
Random 20.00(-) 25.00(_) 26.07(_) 38.93(-) 40.71(-) ° ¢ °
= | BFS | 3536may 425000 45360mes  6750man 65710 s » We hypothesize that LLMs* improved
<
(a WY DFS 32.14(1{;0‘70) 34.29(—T~37_]_6) 45'00(772.61) 58.57(1~50_45) 57‘14(T40.36) o [ (] [
w2
PR | 30360 0 43930 mn 389ersn 4398 rmnn 4B Termm e performance with ordered descriptions is due
PPR 32'50(T62-50) 44‘64(T78.56) 42‘14(761.64) 45‘36(T16-52) 49'64(T21-94)

to attention bias.
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Finding 2: Complexity Affects Order Robustness

[ Zero-shot
125 | B Zero-shot CoT
B Few-shot
3 CoT

| o orBAG » Simple tasks (connectivity, cycle) show low

[a—
-
)

variance across orders - inherently robust

» Complex tasks (Hamilton path, Shortest

Variance (%?)
VRS
S &

55 path) exhibit high variance - highly
0 sensitive to order
ConN. CycLE HAaMPATH ToroSorT SPATH

» CoT prompting does not eliminate order

Figure 4: Variance of LLM accuracy across dif-
ferent graph tasks with varying description orders.
The variance for each task is computed as 6 =  gttention bias in LLMs.
071 2o0c0 (So — 1), where S, is the accuracy for or-

der o, i is the mean accuracy across all orders.

sensitivity, suggesting fundamental
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Finding 3: Task Type Determines Best Order

W““dom?f% PES PR PR ?\aﬂdomegzs OFS PR PR ?\aﬂé‘oﬂ\gﬁ% PEo PR PR
I10 Random{ 0.0 195 204 I60 Random{ 00 [} 2 I60
BFS{ 265 00 | 223 -122 -1l 40 BFS BN 00 -114 -196 -16. 40
DFS JECER 183 00 | 282 | 277 DFS 129 00 93 57

-0 -0
s PR -163 1338 00 08 PR{ 269 244 102 00 40
-—20

-—20
10 PPR{-170 130 BEEEM 08 00 PPR SR 60 38 00
| H 40

(a) Connectivity (b) Hamilton Path (c) Shortest Path

Figure 5: The improvement of average accuracy (calculated as the mean across all prompt types) of the LLM
between a graph description in one order (horizontal axis) and its average accuracy on graph descriptions in other
orders (vertical axis).

» BFS excels at local reasoning tasks: connectivity (+14.1%), cycle detection (+12.7%),
shortest path (+70.1%)

» DFS superior for global exploration: Hamilton path (+66.4% vs random, +22.3% vs BFS)

» Probability-based orders (PR/PPR) optimal for node classification tasks.

YuyaoGe, Institute of Computing Technology, Chinese Academy of Sciences (ICT)



Finding 4: Order Improves Graph Understanding

Better graph understanding or just more overlap with the answer?

e Shortest Path Order: Edges are ordered based
on the shortest path from the root node vg to the » Shortest path order (maximum answer
target node vy.

 Longest Path Order: Edges are ordered accord- overlap) achieves 78.57% accuracy - still

ing to the longest path from vg to vy. far from 100%
80 » Performance drops to random-level with
1 CoT .
60 B Few-shot longest path order (minimum overlap)
% 40 » Ordered descriptions genuinely improve
< 20 structural comprehension, not merely
exploiting answer patterns

0 Shortest BFS DFS Random Longest
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Thanks!

Contact: yuyao.ge.work@gmail.com
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