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ABSTRACT

In recent years, message-passing Graph Neural Networks (GNNs) have been
widely used to tackle the problem of inductive knowledge graph completion.
Though great progress has been made in GNN-based knowledge graph reason-
ing, it still suffers from the noise existing in irrelevant entities. These noises
accumulated exponentially as the reasoning process continues, significantly im-
pacting the overall performance of the model. To tackle this problem, several
node-based sampling methods have been proposed for denoising. However, they
do have inherent limitations. Firstly, they rely on node scores to evaluate node
importance, which cannot effectively assess the quality of paths in GNN-based
reasoning. Secondly, they often overlook noise interference caused by irrelevant
edges. To address these problems, we propose a dual denoising logical reason-
ing (DDLR) framework, which integrates path-based and edge-based sampling
to achieve comprehensive denoising. Specifically, DDLR employs a path-scoring
mechanism to evaluate the importance of paths, aiming to remove irrelevant paths.
Moreover, DDLR leverages rules within the knowledge graph to remove irrelevant
edges. Through the dual denoising process, we can achieve more effective logical
reasoning. To demonstrate the effectiveness of the DDLR framework, conduct ex-
periments on three benchmark datasets, and our approach achieves state-of-the-art
performance.

1 INTRODUCTION

Knowledge Graphs (KGs) are widely used to formulate the structure information among real-world
entities. They employ nodes to represent entities and edges to capture their relations. Despite
their utility, KGs are often afflicted by inherent incompleteness and inaccuracies. To address these
limitations, the vital task of Knowledge Graph Completion (KGC) has emerged. KGC is dedicated
to inferring missing or latent facts within KGs and has been extensively explored in prior research
(Bordes et al., 2013 |Galarraga et al., 2015;|Ho et al.,2018)). This task holds particular importance in
various applications, such as question answering (Zhang et al., | 2018), natural language processing
(Zhang et al., [2019), and recommendation systems (Wang et al., |2018), where the precision and
comprehensiveness of knowledge representation are paramount for achieving high-quality results.

Various methods have been developed for KGC to predict missing facts, including TransE (Bordes
et al.l |2013), DistMult (Yang et al., [2014), and ConvE (Dettmers et al.l [2018). These methods
map entities and relations to low-dimensional spaces and predict missing relations through tensor
operations. However, traditional KGC models are inherently transductive, requiring the presence of
all entities in the training data. Since knowledge graphs evolve over time, inductive knowledge graph
completion becomes a hot topic, where new entities emerge. In such cases, traditional embedding-
based models struggle to adequately represent emerging entities and perform poorly in inductive
KGC.

Inductive KGC is a challenging task because new entities emerge in the testing phase, which is not
seen during the training process. Therefore, how to effectively represent the new entities becomes a
problem. Some works utilize GNNs to acquire meaningful representations of entities within knowl-
edge graphs. (Teru et al.l [2020) proposed GralL, aiming to implicitly derive logical rules by ana-
lyzing the subgraph surrounding a candidate triplet in an entity-independent manner. Subsequent
research efforts have enhanced this process by considering topological relations (Chen et al., 2021)
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or optimizing message passing through node-edge interactions (Mai et al., [2021). NBFNet (Zhu
et al.,[2021) and RED-GNN (Zhang & Yaol 2022) introduce a path-based approach for direct learn-
ing of relation representations, eliminating the need to learn entity embeddings. Despite the good
performance of these methods, they follow the same GNN message-passing process, i.e., propagat-
ing messages freely through all edges in graphs, which would bring in noise. In order to minimize
the influence of noise, (Zhang et al.,|2023a) propose to select the top K nodes in each iteration us-
ing learnable attention mechanisms. Nonetheless, there are two limitations to the existing studies.
Firstly, take the knowledge graph in Fig|l|as an example, we can easily deduce that the answer to
the query (a, Mother,?) is d because there exists an evidence path Father(a,b) A Wife(b,d).
However, according to the top-K strategy, the result obtained is e, because node e has a higher score
than node d. Moreover, this strategy might also deduce the correct answer through pseudo-evidence
reasoning, as exemplified by the path Friend(a, f)AMother(f, g) AFriend(g,d). Secondly, from
Fig[1} we can also intuitively observe that the relevance of various relations within the red path to
the target relation is higher than the relevance of various relations within the green path to the target
relation. Therefore, the correlation between relations within the path and the target relation helps the
model filter out irrelevant reasoning paths (i.e., the green path). It is evident that the current methods
have not taken this into account.
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Figure 1: An example of KG reasoning, where the query is (a, Mother,?) and the answer is d.
Green/Blue lines represent irrelevant paths (i.e., non-evidence path) to this query, while the red line
is relevant (i.e., evidence path). The dashed line indicates a missing fact, and numerals represent
node scores.

To address these challenges, this paper proposes a Dual Denoising Logical Reasoning (DDLR)
framework, which achieves comprehensive denoising through path and edge sampling. Specifically,
for path sampling, we designed a novel path-scoring mechanism, which takes into account not only
the current path score but also the scores of the remaining paths, to evaluate the importance of
the path for sampling paths most relevant to the objective. For edge sampling, we leverage single
rules(i.e., ordered relation pairs), which reveal correlations between relations, to explore the most
relevant edges while filtering out irrelevant paths. In addition, to avoid the information loss caused
by the top-k strategy, we adopt a sampling method that combines the Bernoulli distribution and
rule confidence to sample edges. In our experiments, we observed that this sampling strategy can
preserve promising targets during the reasoning process, thus enhancing the model’s performance.

To summarize, the main contributions of this paper are as follows:

* We propose a dual denoising logical reasoning model that comprehensively addresses noise
interference in inductive KGC by both path sampling and edge sampling.

* We propose a path-scoring mechanism to assess the effectiveness of paths, enabling the pre-
cise selection of paths relevant to the target while simultaneously discarding irrelevant ones.
This innovation enhances the reasoning capability of DDLR within knowledge graphs.

* We extract single rules at the triplet level and apply them to the edge sampling process.
In contrast to conventional methods, it places a stronger emphasis on finer-grained triplets,
thereby improving rule credibility and making sampling more logical.
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* We conduct extensive experiments on three benchmark datasets to assess the effectiveness
of DDLR. The results illustrate that our proposed algorithm surpasses state-of-the-art base-
lines in terms of prediction accuracy.

2 RELATED WORK

2.1 GNNS ON KNOWLEDGE GRAPHS

Significant progress (Yang et al., 2015} [Schlichtkrull et al.,[2018; Toutanova et al., 2015b; |Dettmers
et al., 2018} [Socher et al., [2013; |Wang et al.l 2019; (Garcia-Duran et al., |2017) has been made in
addressing the challenge of multiple relationship edges in knowledge graph completion through
the extension of GNNs. These efforts have led to innovative message-passing operations that are
carefully designed to accurately capture complex relationship information during feature transfor-
mation and aggregation processes. Prominent knowledge graph completion models include RGCN
(Schlichtkrull et al.,|2018)), which enhances reasoning capabilities by utilizing relation-specific trans-
formation matrices; CompGCN (Vashishth et al., [2020), which seamlessly integrates neighborhood
information through entity-relation composition operations; KBGAT (Yang et al., 2015), a ground-
breaking model that uses attention mechanisms to differentiate entity roles in multiple relationships;
and recently introduced models in this field such as NBFNet (Zhu et al., 2021) and RED-GNN
(Zhang & Yaol [2022), which introduce progressive propagation strategies from query entities to
their multi-hop neighbors. These models have shown potential in both inductive and transductive
reasoning scenarios and have demonstrated efficiency in evaluating multiple candidate entities. Ad-
ditionally, RuleNet (Zhang et al.l [2023b)) has achieved remarkable results by effectively capturing
potential relationship connections. However, the number of irrelevant entities involved exponen-
tially increases with deeper propagation paths, making it more difficult to identify target answer
entities.

2.2  SAMPLING METHODS FOR GNNSs

Traditional message propagation methods face scalability issues when dealing with large-scale
Graph Neural Networks (GNNs) (Hu et al.,[2020). To address this challenge, several sampling meth-
ods have been proposed. For instance, GraphSAGE (Hamilton et al.,[2017) and PASS (Chen et al.,
2018a) sample a fixed-size neighborhood set from the complete neighbors of each node at each prop-
agation step, while FastGCN (Yang et al.| 2020), Adaptive-GCN (Chen et al.,[2018b)), and LADIES
(Shi et all |2019) sample an equal number of nodes at each propagation step. On the other hand,
Cluster-GCN (Chiang et al., [2019), GraphSAINT (Hamilton et al., [2020), and ShadowGNN (Ma
et al.,|2021) extract subgraphs containing highly relevant nodes around anchor nodes. To address
the challenge of convergence speed, a new subgraph sampling method with guaranteed convergence
has recently been proposed (Shi et al., 2023)). In contrast, the LAyer-neighBOR sampling (LABOR)
(Balin & Umit V. Catalyiirek, 2022) algorithm aims to reduce the number of sampled vertices by di-
rectly replacing neighborhood sampling with the same diffusion hyperparameters while maintaining
quality (Balin & Umit V. Catalyiirek, [2022). Adaprop (Zhang et al.,[2023a) designs an incremental
sampling mechanism to preserve proximate and promising targets. However, they overlook the im-
pact of edges on sampling. In contrast, our proposed sampling strategy comprehensively considers
the influence of both paths and edges on sampling, thereby improving the model’s performance.

3 PRELIMINARY

Knowledge Graph Completion. A knowledge graph, denoted as G = (V, £, R), comprises finite
sets of entities (nodes) represented as V, facts (edges) as £, and relation types as R. Each fact is
a triplet (x,r,y) € ¥V x R x V, signifying the presence of relation r from entity x to entity y.
Knowledge graph completion is a task focused on predicting answers for queries such as (u, g, ?)
or equivalently, (u,q~!,?), where ¢~ ! represents the inverse relation of ¢. Given a query (u, g, ?),
the objective is to determine the set of answers V(u, ¢, ?) such that for all v € V(u, ¢, ?), the triplet
(u, g, v) holds true.

Path-based Approaches. Path-based approaches achieve knowledge graph completion by an-
alyzing the paths between a pair of entities within a knowledge graph. For example, a path
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Father(a,b) AN Wife(b,d) may be used to predict Mother(a,d) in Fig[l| From a representa-
tion learning perspective, path-based approaches aim to learn a representation h,(u, v) to predict
the triplet (u, ¢, v) based on all paths P,_,, from entity u to entity v.

hywv)= @ h(P)= P Q wylw,ry) (1)

PEPy_sy PEPy—v(z,ry)eP

where €D is a permutation-invariant aggregation function, ) is an aggregation function. wq(z, 7, y)
is the representation of triplet (z, r, ) conditioned on the query relation q.

4 METHOD

In this section, we provide a detailed introduction to the DDLR framework, which employs dual
denoising for more efficient logical reasoning. The framework, as shown in Fig[2] consists of sev-
eral iterative sampling units. Each iterative sampling unit comprises two sub-modules: path-based
sampling and edge-based sampling. DDLR employs these iterative sampling units to remain the
most relevant paths or edges for the task.

query:(2,r, ?) answer: 9 Iterative Sampling Units Iterative Sampling Units Iterative Sampling Units

Figure 2: An overview of DDLR. For simplicity, we use circles to represent entities and ignore
the types of relation. Dashed lines and dashed circles represent irrelated relations and entities,
respectively, yellow circles represent the ending nodes of important paths, while the green circles
represent nodes awaiting sampling. DDLR improves the model’s performance by selecting the most
relevant paths and edges through path-based and edge-based sampling at each step.

4.1 PATH SAMPLING

Important Paths for Reasoning. Given a query relation and a lot of entities, only some of the paths
between the entities are important for answering the query. Take Fig[T]as an example, it is clear that
only evidence path Father(a,b) A Wife(b,d) can lead to the deduction that triplet M ather(a, d)
holds true. Formally, we define P,,_,,|q € Pu— to be the set of paths from u to v that is important
to the query relation q.

how,v)= @ hoP)~ @ hy(P) )

PEPyu—0 PE'Pu_,v‘q

In other words, any path P € Py, \ Py, y|q With respect to h,(u,v) is considered as noise,
meaning it is not important to obtain the right answer. Therefore, if we calculate the representation
hg(u,v) using only the important paths P, _, 4, we can enhance the model’s performance.

Path Scoring. Given a query of the form (u, ¢, 7), our aim is to identify the important paths P,,_,
for all entities v in the knowledge graph. Nevertheless, extracting these important paths from the
extensive set P,_,, is highly challenging due to its high complexity. So we employ an iterative node
selection process to identify the paths that cover the important paths.
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ﬁi(zv‘q = {(u,selfloop,v)} ifu=wvelsed 3)
5 1)
PO .= U {P+{(z,r,0)}|PeP ]} @
En,,(fqil) (ﬁif;;?q),(z,r,v)éﬂ/(r)
where 73“ Zolg computed by the above iteration is a superset of the 1mportant paths p® sl of length

t, nuq (P(t . ) selects ending nodes of important paths P N (x) is the neighborhood of

u—x|q u—>v|q
node x.

Next, we learn a representation hgt) (u, v) based on the paths ﬁitlmm of length ¢.

h((]t)(uvv) = @ hf(gt)(P) = @ ® wq(:c,r, y) (5)

(t) B (t) x,r,y)EP
PeP pep®)  (@ry)

u—v|q

Then, we utilize a learnable path scoring function 55“3 to evaluate paths of length t. However,

evaluating paths from the extensive set Pil}v‘q presents a significant challenge due to its exponential

size. Therefore, we approximate the evaluation of paths by evaluating the nodes.

(t) (p(t

u—v|q

)~ st (VM) 6)

where V(® denotes the end nodes of the 77“ Zoolgr
(t)

sug () is jointly determined by the current path score dét) (u, x), representing the path score from

node u to node x, and the remaining path score rét) (x,v), representing the path score from node x

to node v. Although it is feasible to derive r,(lt) (x,v) from the representation of the remaining path,
obtaining the representation is extremely difficult because we do not possess the representation of the
answer entity v. Hence, we utilize the query relation g as an approximation to get the representation

of the remaining path.

) (x,0) = i (u,2) @ g([h (u, 2), q]) 7

where r((lt) (x,v) denotes the representation of the remaining path, g(-) is a feed-forward network
and [+, -] concatenates two representations, ® denotes element-wise multiplication.

To achieve a more precise evaluation of paths, it is necessary to take into account the scores of
previous nodes within the path.

5531) (u)=0 ®)

W@ =P ed) = ofePeone @ V@ o
(&,r,2)EN ()

where o is the sigmoid function, f(-) is a feed-forward network. dét) (u, x) incorporates the scores
of previous nodes within the path.

Finally, we simply pick the top-K paths (i.e., nodes) according to the current scoring function s( ) 7 ().

nOPL, ) =nHP0) = argmax > s{)(a) (10)
N'CV®,|IN'|=K zeN'
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In order to perform reasoning, we need to compute the representation h((]t)(u, v) based on the im-

portant paths. Then Eq[5]is modified as follows:

hl(lo)(u,v) =q ifu=welsel (11)

h((]t)(u’ v) = @ hét_l)(u,x) Q@ wy(z,7,0)

(12)
zen;tqfl)(f}(tfl)),(x,r,v)GN(:L’)

where g denotes the representation of relation q.

4.2 EDGE SAMPLING

Bernoulli Sampling Based On Single Rules. In addition to investigating the impact of important
paths for reasoning, we also explore the influence of relations (i.e., edges) in the reasoning process.
For instance, as depicted in Fig. |I} we can observe that the relations within evidence paths exhibit
a higher degree of relevance to the target relation compared to those in non-evidence paths. This
observation motivates us to sample relations with higher relevance, aiming to assist the model in
selecting the most pertinent paths during reasoning. We consider a direct approach to sample im-
portant relations by randomly selecting relations from the graph. Formally, we sample a modified

subset R(") from the candidate relations R(*) with certain probabilities at the t-hop.

RO ={r|re ﬁ(t),Bern(pgf;)) =1} (13)

where pffq) is the probability of relevance between r and ¢, Bern represents a Bernoulli distribution,

R denotes the set of candidate relations, take Fig|l|as an example, { Mother, Wife, Friend} is

the candidate relation set for the model at the second hop. R(*) is then used as the relation set in the
generated view. pﬁ‘i} should reflect the importance of the relation r, depending on which the model

can discard irrelevant relations while retaining those most relevant to the task.

Following logical notations, we denote potential relevance between relation ; and relation 75 using
a single rule 1 = ro. To quantify the degree of such relevance, we define the confidence of a single
rule as follows:

Clry = ry) = 22t A EBRH) A 72 € B (1) (14)

Zteé‘ 1(r1 € E (1))

where the function 1(x) equals 1 when « is true and O otherwise, E,. extracts relations from the
triplets. As an empirical statistic over the entire KG, C(r; = r3) is larger if more triplets with
relation r; also have rs.

Next, we calculate the probability of each relation based on its confidence value. The probabilities
can then be obtained after a normalization step that transforms the values into possibilities, which is
defined as

Cﬁ,ﬁzm; —C(r=q)

() — mi
Py = min( - -
Ciahs — Cidg

rq

'pevpr) (15)

where p, is a hyperparameter that controls the overall probability of important relations, ngm and
C((Lf,)g represent the maximum and average values, respectively, within the confidence set C(*) as-

sociated with R(®). and pr is a truncation probability used to cut off probability values because
extremely low probabilities can result in the loss of important relations.
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4.3 COMBINATION
Path-based sampling allows the model to select the important paths for reasoning, while edge-based

sampling selects important edges. By employing both types of sampling, the model achieves effec-
tive denoising for knowledge graph completion. Then, we modify Eq[12]as follows:

(t) _ (t—1)
h{") (u,v) = @ RV (u, 2) ® wy(z, 7, v) {16)
zenlly D (VE-1) reRE-D (z,rv)EN (z)

Eq. [[6encourages the model to select important paths for reasoning. A pseudo-code of the algorithm
is illustrated in the appendix.

4.4 1LOSS FUNCTION

We train the model to score positive triples higher than the negative triples using a multi-class log-
loss followingLacroix et al.|(2018)). The loss function L is

flu,r,0) = wlhi (u,0) (17)
L= > (—f(umw +1log( > exp(f(u,r, x)))) : (18)
(u,m,v)EEtrain Vaxel

where w, € R? is a weight parameter, h((IL)(u, v) represents the embedding of entity v at step L,
Etrain denotes the set of the positive triples (u, 7, v).

5 EXPERIMENTS

5.1 EXPERIMENT SETUP

Datasets. We conducted experiments on three widely recognized datasets: WNI18RR(Dettmers
et al.| 2018)), FB15k-237 (Toutanova et al., [2015a), and Nell-995 (Xiong et al., [2017), which are
commonly employed for transductive relation prediction tasks. To assess inductive relation predic-
tion, we followed the methodology of Teru et al. (Teru et al., [2020), who created four variations of
each dataset. Each inductive dataset consists of a distinct train set and test set, ensuring that their
entity compositions do not overlap. For further details, please refer to the supplement.

Baselines. In the inductive setting, methods that involve learning entity embeddings during training
are not applicable. Consequently, we conduct a comparative analysis with path-based approaches
that focus on acquiring sequential rules, including RuleN(Meilicke et al., 2018), NeuralLP(Yang
et al., 2017), and DRUM(Sadeghian et al., [2019). Furthermore, we include GNN-based methods
such as GralL(Teru et al., 2020), NBFNet (Zhu et al., 2021), RED-GNN(Zhang & Yaol [2022),
Adaprop (Zhang et al.,|2023a)), and GraPE (Wang et al., 2023) as our baseline models.

Details. For the DDLR model, we perform hyperparameter tuning on a variety of settings, in-
cluding the learning rate within the range of [10~% 1072], weight decay within the range of
[1075,1072], dropout rate within the range of [0, 0.3], batch size chosen from {5, 10, 20, 50, 100},
dimension d chosen from {32,48, 64,96}, d,; for attention chosen from {3, 5}, layer L chosen
from {3,4,5,6,7}, the number of sampled entities K among {50, 100, 150, 200, 250, 300}, ac-
tivation function § chosen from {identity,tanh, ReLU}, probability multiplier p, chosen from
{0.3,0.4,0.5,0.6,0.7,0.8} and cut-off probability p, chosen from {0.1,0.2,0.3,0.4,0.5}. We
adopt Adam(Kingma & Bal 2014) as the optimizer. Please refer to the supplement for more de-
tailed information.

Results. The performance comparison presented in Table [I| underscores that, despite its inductive
reasoning capabilities, GralL falls notably short of RED-GNN, NBFNet, Adaprop, and GraPE. The
patterns acquired by GralL exhibit limited generalization to unseen knowledge graphs. In contrast,
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Table 1: The performance of inductive reasoning on three datasets, where the best results are in bold
and the second best results are underlined.

WNISRR FB15k237 NELL-995
V1 V2 V3 V4 VI V2 V3 V4 VI V2 V3 V4
RuleN 66.8 645 36.8 624 363 433 439 429 615 385 381 333
Neural LP 649 635 36.1 62.8 325 389 400 396 61.0 36.1 36.7 26.1
DRUM 666 646 380 627 333 395 402 41.0 628 36,5 375 273
GralL 6277 625 323 553 279 276 251 227 481 29.7 322 262
MRR(%) NBFNet 684 652 425 604 30.7 369 331 305 584 41.0 425 287
RED-GNN 70.1 69.0 427 65.1 369 469 445 442 637 419 436 363
AdaProp 733 715 474 662 31.0 47.1 471 454 644 452 435 36.6
GraPE 742 70.7 472 653 415 488 481 47.0 777 494 450 383
DDLR 794 798 520 764 488 49.7 488 463 81.1 482 46,5 40.6
RuleN 635 61.1 347 592 309 347 345 338 545 304 303 248
Neural LP 592 575 304 583 243 286 309 289 50.0 249 267 137
DRUM 61.3 595 33.0 58.6 247 284 308 309 50.0 27.1 262 163
GralL 554 542 278 443 205 202 165 143 425 199 224 153

metrics methods

Hit@1 (%) \BENet 3592 575 304 574 190 229 206 185 3500 27.0 262 233

RED-GNN 653 633 368 606 302 381 351 340 525 319 345 259

AdaProp 668 642 39.6 6LI 19.0 372 377 353 522 344 337 247

DDLR 709 702 427 672 382 379 394 361 73.6 351 350 289

RuleN 730 694 407 68.1 446 5990 60.0 605 760 514 531 434

Neural LP ~772 749 476 70.6 468 586 57.1 593 87.1 564 57.6 539

DRUM ~77.7 747 477 702 474 595 571 593 873 540 577 53.1

Hi GralL 760 776 409 68.7 429 424 424 380 565 496 518 50.6
it@10 (%)

NBFNet 592 575 304 574 19.0 229 206 185 500 27.1 262 233
RED-GNN 799 78.0 524 721 483 629 603 621 86.6 60.1 594 55.6
AdaProp  86.6 83.6 62.6 755 551 659 637 638 886 652 618 60.7
DDLR 980 988 693 956 645 710 638 645 915 69.0 67.6 603

DDLR consistently outperforms its counterparts across various datasets and partition variations, fre-
quently securing the best or second-best rankings. This highlights DDLR’s capacity to enhance in-
ductive reasoning through a dual denoising approach, effectively filtering out irrelevant paths while
retaining those most relevant to the task. For more experimental analysis, please refer to the supple-
ment.

5.2 ABLATION STUDIES

Effectiveness of each component. To analyze the contributions of each component within DDLR
to its overall performance, we conducted a series of ablation experiments aimed at validating the
effectiveness of these model components. Firstly, we investigated the impact of removing the edge-
based sampling module, referred to as DDLR-w.o.-edge. Specifically, we retained only the path-
based sampling module. Since the model does not consider the correlations between relations in
the knowledge graph (i.e., single rules), inductive reasoning can be affected by the noise introduced
by irrelevant edges, potentially resulting in a performance decrease. Secondly, we retained only the
path-based sampling module to observe the influence of path-based sampling, denoted as DDLR-
w.o.-path. Due to the model’s limited ability to accurately evaluate reasoning paths, it may be influ-
enced by irrelevant reasoning paths, thereby reducing its generalization capacity. Lastly, to validate
the higher credibility of triplet-level single rules, we used entity-level single rules as a reference,
referred to as DDLR-w.o.-triplet. The experimental results are depicted in Table |2 These abla-
tion experiments provide valuable insights into the pivotal roles played by individual components of
DDLR in enhancing its inductive reasoning capabilities.

Path-Scoring Function. The path scoring is composed of both the current path score and the re-
maining path score. To examine the influence of each component, we conducted a simple ablation
experiment: "DDLR-w.o.-current” denotes the removal of the current path score, while "DDLR-
w.o.-remain” denotes the removal of the remaining path score. The experimental results, as shown
in Table[3] indicate that the absence of any of these subcomponents leads to a decrease in model per-
formance. This indirectly confirms the importance of both the current path score and the remaining
path score.
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Table 2: Ablation studies of each component. ’DDLR-w.0.-edge’ denotes the model without edge
sampling. 'DDLR-w.o.-path’ denotes the model without path sampling. "DDLR-w.o.-triplet’ de-
notes entity-level single rules.

methods WNI18RR(V4) FBI15k237(V4) NELL-995(V4)

MRR(%) MRR(%) MRR(%)
DDLR-w.o.-edge 73.3 452 35.6
DDLR-w.o0.-path 76.2 44.6 38.8
DDLR-w.o.-triplet 74.1 434 30.8
DDLR 76.4 46.3 40.6

Table 3: Ablation study results of path-scoring function components. "DDLR-w.o.-current’ refers
to the path-scoring functions excluding the current path score. 'DDLR-w.0.-remain’ refers to the
path-scoring functions excluding the remaining path score.

WNI8RR(V2) FB15k237(V3) NELL-995(V1)

methods MRR(%) MRR(%) MRR(%)
DDLR-w.o0.-current 759 484 77.0
DDLR-w.o0.-remain 759 48.2 76.0

DDLR 79.4 48.8 81.1

Relevance Between Relations. To verify the reliability of single rules, we compared them with
other methods measuring relation relevance, as shown in Table E} The results demonstrate a clear
advantage of single rules. It also indicates that single rules at the triplet level possess higher credi-
bility, which aids the DDLR model in filtering out irrelevant edges.

Table 4: Comoarisons of different methods to measure the relation relevance. The term ”Cosine”
represents the computation of cosine similarity between relations, while ”KL_DIV” and ”JS_DIV”
respectively denote the computation of KL divergence and JS divergence between relations.

datasets Ours Cosine KL_DIV JS_DIV
MRR(%) MRR(%) MRR(%) MRR(%)
NELL-995(V1) 81.1 70.6 64.2 70.3
WNI18RR(V1) 79.4 79.3 78.1 78.2

6 CONCLUSION

The DDLR framework proposed in our work effectively enhances knowledge graph completion by
integrating dual denoising techniques operating at both the path and edge levels which allows for the
efficient filtering and selection of relevant information, resulting in improved accuracy and efficiency
in knowledge graph completion tasks. The path-scoring mechanism prioritizes important paths dur-
ing the reasoning process, reducing the influence of noise from less relevant paths. Furthermore,
the edge-based denoising technique further refines the selection of paths. These two components
work in concert to enhance the overall performance of the model. Despite the excellent perfor-
mance, DDLR has some limitations. Its current evaluation scope is primarily centered on reasoning
for missing triplets, a relatively straightforward task. Yet, addressing the complexities associated
with multi-hop queries presents a more challenging endeavor. In the forthcoming research, we plan
to investigate alternative learning strategies and extend the application of DDLR to these intricate
reasoning
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