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Abstract

Traditional education systems obscure the diverse interconnections inherent within subject knowledge, thus failing to meet the
current demand for personalized and adaptive learning experiences. Recent advances have explored various relation extraction
techniques to construct educational knowledge graphs that integrate dispersed subject knowledge into a unified framework.
However, educational conceptual entities are far more abstract and intricate compared to their real-world equivalents, and
these techniques primarily focus on static knowledge, overlooking the dynamic nature of knowledge in practical learning and
application scenarios. To address these issues, we propose a Prompt-based framework with dynamic Update mechanism for
educational Relation Extraction (PURE). This framework embraces a prompt-tuning strategy and employs a more appropriate
MacBERT-large model to encode the instances wrapped by prompt templates. Furthermore, we construct an instance-relation
database that serves as an external knowledge base of our framework. A dynamic instance-relation update mechanism is
proposed to refine the database, thus enhancing the accuracy of PURE in predicting new triples. We conduct experiments
on a Data Structure course relation extraction dataset and three public datasets. The experimental results demonstrate that
PURE achieves significant improvements and outperforms several state-of-the-art baselines in efficiency of extraction and
utilization of educational information. Comparable performance is achieved even in more complex biomedical relation
extraction, validating its robustness and applicability to other domains.

Keywords Relation extraction - Prompt learning - Dynamic update mechanism - Education - Data Structure
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Xiaohui Cui and Yu Yang have contributed equally to this work. T_he_burgfjonmg growth l_)l?the information m'_jusuy and artifi-
cial intelligence has positioned smart education as a research
B Dongmei Li hotspot [ 1]. Traditional education systems, such as textbook

lidongmei@bjfu.edu.cn reading and classroom teaching, adopt a linear and discrete

Xiaohui Cui transmission of subject knowledge, which can no longer
cuixiaohui@bjfu.edu.cn meet the strong demand for systematic and relevant sub-
Yu Yang ject knowledge in modern society. They fail to reveal the
yangyu22 @bjfu.edu.cn diverse interconnections between subject knowledge and to
Jinman Cui accommodate the need for personalized learning. The emer-
cuijinman @bjfu.edu.cn gence and development of knowledge graph techniques [2] is
Xiaolong Qu fuelled by these shifts and challenges. With the help of knowl-
quxiaolong@bjfuedu.cn

Chao Song

songchaol025@bjfu.edu.cn School of Information Science and Technology, Beijing

Forestry University, Beijing 100083, China

Haoran Lin
m17611229560@ 163.com R Engineering Research Center for Forestry-Oriented

: Intelligent Information Processing of National Forestry and
Siyuan Ke

Ké. shynan @hjfacdiiica Grassland Administration, Beijing 100083, China

Published online: 05 December 2024 &) Springer

71



69 Page 20f14

Complex & Intelligent Systems (2025)11:69

edge graph techniques, subject knowledge and its intrinsic
logical associations can be organized and presented through
various relations. In recent years, researchers have turned
their attention to the automatic construction of educational
knowledge graphs [3-5].

Relation extraction is one of the most fundamental tech-
niques for knowledge graph construction [6, 7]. It involves
extracting semantic relation information between named
entities. Deep learning-based relation extraction methods
have achieved remarkable success in recent studies [8—10].
For example, OpenNRE [11] provides a unified framework
for relation extraction. It not only allows developers to train
custom models, but also supports quick model validation.
The occurrence of these toolkits has greatly facilitated the
extraction of structured relations from the plain text. With
the emergency of pre-trained language models (PLMs), rela-
tion extraction methods based on fine-tuning paradigm have
witnessed a series of advances. [ 12-16] In the field of educa-
tion, researchers have begun to explore relation extraction
techniques. Li et al. [17] proposed a BERT-based rela-
tion extraction model that integrates sentence features and
educational entities, and estimates the similarity between
knowledge pairs using cosine similarity. Li et al. [ 18] incor-
porated the location information of the entities into BERT to
extract educational relationships. Lu et al. [19] proposed a
domain-specific concept extraction method and an iterative
prerequisite relation learning approach to realize person-
alized learning. However, educational relation extraction
presents unique challenges in comparison to other domains
[20-22]. In many real-world scenarios, relations between
entities tend to be concrete and straightforward, such as the
“located in" relation between a city and a country. In the
biomedical field containing more complex terminology, rela-
tion name itself contains rich semantic information, such as
the relation “complication” between two diseases. In con-
trast, educational relations tend to be more abstract, involving
conceptual entities like knowledge points, which are not as
easily inferred from the literal text. Taking the Data Structure
course as an example, the relation between “quick sort" and
“time complexity” is not simply a matter of calculation or
theory, but rather requires a deeper contextual understanding
of the underlying concepts. This abstraction complicates the
deduction of their relations from the literal meaning of the
ext.

Prompt learning, known as a new paradigm, has unveiled
its substantial potential in a variety of downstream tasks
[23, 24]. In relation extraction task, PLMs are guided to
generate relation labels by designing task-specific prompts
[25-29]. Shin et al. [30] developed an automated method
to create prompts, which can elicit more accurate fac-
tual knowledge from masked language models than the
manually created prompts. Chen et al. [31] proposed a
knowledge-aware prompt-tuning approach with synergistic

) Springer
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optimization, which can perceive semantic and prior knowl-
edge contained in relation labels for relation extraction.
These relation extraction models utilize latent knowledge and
structured constraints from relation labels to predict triples,
relying exclusively on their internal knowledge, as shown
in Fig. la. Traditional parametric learning paradigm can be
viewed as memorization, regarding training data as a book
and inference as a close-book test. Chen et al. [32] found that
the introduction of external knowledge also assists in model
prediction, as shown in Fig. 1b. Therefore, they regarded
relation extraction as an open-book test and proposed the
first semi-parametric paradigm of retrieval-enhanced prompt
tuning for relation extraction, namely RetrievalRE. When
predicting relations, RetrievalRE not only infers relations
through knowledge stored in the weights during training, but
also assists in decision-making through an external knowl-
edge base. Nevertheless, these approaches merely focus on
static knowledge and ignore the dynamic nature of knowl-
edge in real-world learning and application. Consequently, a
dynamic external knowledge base needs to be designed, as
shown in Fig. lc. The knowledge housed within is a combi-
nation of static data from the training set, as well as dynamic
updates that are synchronized with model predictions.

In response to the above problems, we propose a Prompt-
based framework with dynamic Update mechanism for edu-
cational Relation Extraction (PURE). Specifically, PURE
constructs the prompt template and uses MacBERT-large to
encode the instances. Combined with the designed instance-
relation database and dynamic update mechanism, the proba-
bility distributions of prompt prediction and retrieval predic-
tion are joint to improve the accuracy of relation extraction.
The main contributions of this paper can be summarized as
follows:

» Tothe best of our knowledge, ourwork is the first prompt-
based educational relation extraction model designed to
capture complex relations between knowledge points.
We propose a dynamic instance-relation update mecha-
nism that allows for real-time updating of the knowledge
stored in the instance-relation database, thus improving
the accuracy of the model in predicting relations between
unknown entities.

We conduct extensive experiments on a Data Struc-
ture course relation extraction dataset and three public
datasets to verify the effectiveness of PURE, and the
results demonstrate its superiority in educational relation
extraction and even more complex biomedical relation
extraction.

The rest of this paper is organized as follows. The section
“Related work™, we introduce the related work on relation
extraction and prompt learning. The section “Methodology”,
we formalize the definitions of the concepts involved in this
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study, and introduce the proposed PURE framework. The
section “Experiments and discussion”, we conduct a series
of experiments and discuss the results. The section “Conclu-
sion”, we conclude the paper and outline potential directions
for future work.

Related work
Relation extraction

Early approaches of relation extraction involve rule-based
methods and pattern-based methods [33, 34]. These methods
require extensive manual work and struggle to deal with the
complexity and diversity of the text. Subsequently, machine
learning-based methods have been introduced to relation
extraction task [35, 36]. These methods are based on statis-
tical language models and have obtained promising results
with a relatively simple strategy. In recent years, with the
development of deep learning techniques, researchers have
begun to explore neural network-based relation extraction
methods. Zeng et al. [8] first applied convolutional neu-
ral networks to relation classification and solved the error
propagation problem. Zhang et al. [9] utilized recurrent
neural networks to capture long-distance dependencies of
sentences, making it possible for the model to learn seman-
tic relations between entities. Gupta et al. [10] proposed
a novel table filling multi-task recurrent neural network to
jointly model the named entity recognition and relation clas-
sification tasks, establishing a foundation for subsequent
joint decoding of entities and relations. These deep learning-
based methods avoid complex feature engineering and have
achieved better performance than traditional methods on sev-
eral standard datasets.

The emergence of PLMs such as BERT [37] and GPT
[38] has revolutionized the field of information extraction

since 2018. These PLMs exhibit exceptional performance
in relation extraction task through the initial phase of pre-
training on a massive corpus of unlabeled data, followed by
fine-tuning tailored to specific downstream tasks. Wu et al.
[12] proposed the R-BERT model for relation classification
by enriching the pre-trained BERT model with entity infor-
mation. Shang et al. [13] employed a pre-trained BERT and
proposed the OneRel model to transform the joint extraction
task into a fine-grained triple classification problem. Li et al.
[39] proposed the MFIE model that incorporates the relation
awareness enhancement module and the entity information
enhancement module. They conducted experiments to verify
the model’s scalability with different PLMs, and the experi-
mental results demonstrate that selecting different PLMs in
different scenarios may affect the relation extraction perfor-
mance. Hence, this paper takes a Data Structure course in the
field of education as an example, and employs the improved
MacBERT-large model [40] based on BERT, which is proved
to be more effective.

Prompt learning

Fine-tuned PLMs have achieved remarkable performance in
various domain tasks. However, the significant gap between
pre-training and fine-tuning in terms of training data and
objective functions restricts the effective transfer and uti-
lization of knowledge within PLMs. In order to solve the
above problem, researchers have proposed the prompt learn-
ing paradigm [24]. Distinguished from the conventional
pre-training and fine-tuning paradigm, the prompt learning
paradigm, exemplified by GPT-3 [41], provides task-specific
prompts during the pre-training to guide the model’s learn-
ing. This approach facilitates the model to better leverage
contextual information, thereby enhancing performance and
allowing the model to maintain robust performance in low-
resource scenarios. Traditional prompt-based approaches
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reformulate the downstream task as a cloze task [42], and
utilize the text generation capabilities of PLMs to implement
the downstream tasks. However, such approaches perform
poorly on complex reasoning tasks. Inspired by considera-
tions of the human brain’s structure, thought patterns, and
reasoning faculties, investigators have advanced techniques
such as chain of thought [43], tree of thoughts [44], and graph
of thoughts [45]. These techniques decompose complex rea-
soning problems into multiple simple steps and simulate
the process of human thinking by constructing thought-
reasoning prompts to enhance model’s logical reasoning
ability [46].

Prompt-based approaches strive in cases where the label
requires a more elaborate description (i.e., relation extrac-
tion). In this context, Sainz et al. [47] proposed an approach
to manually construct prompt templates, and reformulated
relation extraction as an entailment problem. Chia et al. [25]
designed a structured prompt template for synthetic relation
samples when conditioning on relation label prompts. These
approaches are both time-consuming and labor-intensive,
with the prerequisite that the designer be highly knowledge-
able in the specific domain. Therefore, researchers attempted
to integrate prior knowledge from task labels into prompt-
tuning [26, 31]. Apart from capitalizing on the the abundant
semantic information contained within category labels, exter-
nal knowledge base can be exploited to construct prompts
[32, 48]. Ye et al. [49] proposed ontology-enhanced prompt-
tuning and developed the ontology transformation based
on the external knowledge graph to address the knowl-
edge missing problem. These methods effectively improve
the performance of relation extraction models by introduc-
ing external knowledge to construct prompts. Nevertheless,
these existing approaches, regardless of whether they utilize
internal or external knowledge, merely concentrate on static
knowledge, neglecting the dynamic aspects of knowledge in
practical learning and application scenarios. The educational
domain calls for a relation extraction model that can dynam-
ically access up-to-date knowledge and continuously refine
itself.

Methodology
Problem formulation
To elucidate the concepts involved in our work more clearly

and explicitly, this section provides a formal definition of the
relevant elements within the proposed PURE.

Definition 1 (Prompr Learning) Prompt learning consists of
the following two steps:
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1. Prompt Template Construction: For each sentence x, the
template is leveraged towrap x as Xy opp; = 7 (x), where
X prompr 18 the corresponding input of the PLM with a
[MASK] token in it.

. Language Verbalizer Construction: The verbalizer R —
V represents a mapping from relation label space to label
word space, where R is the predefined relation set, and V
is the label word set derived from the outputs of the PLM.

Definition 2 (Instance Encoder) For each instance Xppomp
obtained by prompt template construction function 7 (x), the
instance encoder H maps it into a high-dimensional vector
representation h, € RF *d_where L is the maximum length
of the sentence and d is the dimension of hidden states.

Definition 3 (Insiance-Relation Database) The instance-
relation database DB is a dynamic key-value database where
each pair (K, V) denotes the hidden vector representation of
an instance together with its corresponding relation and con-
fidence. The initial database is constructed from the training
set and adjusted in real-time with a dynamic update algo-
rithm.

For convenience, we list the primary symbols involved in
this paper in Table 1.

PURE framework
The framework of the proposed PURE is shown in Fig. 2,

which consists of four main modules: (1) Prompt Tem-
plate Construction Module is responsible for generating

Table1 Meaning of primary symbols

Symbol Meaning

D A setof data in the educational domain

N The size of the dataset T

R The relation set predefined in D

v The label word set derived from the outputs of the
PLM

xeD The input sentence

L The maximum length of the sentence

d The dimension of hidden states

T(x) The prompt template construction function that incor-
porates x with head entity and tail entity information

X prompt The input of the PLM with a [MAS K] token in it

H The instance encoder thats maps X prompm into a high-
dimensional vector representation h, € R"*¢

DB The instance-relation database derived from the
dataset D

£, V) K = h, is the hidden vector representation, and V =

(P, r;) is the pair containing a confidence level P and
arelationr; € R
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Fig.2 The framework of PURE SNSRI Bas
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prompt templates, leveraging sentences and entity pairs in the
dataset to construct the instances. (2) MacBERT-large Mod-
ule encodes these instances into high-dimensional vectors in
preparation for subsequent model training and knowledge
base construction. (3) Instance-Relation Database Module
establishes a database using encoded instances and relation
probabilities, with the goal of improving model’s prediction
accuracy. (4) Joint Prediction Module combines the predic-
tions of the language model with the results of the knowledge
base retrieval to output a more comprehensive probability
distribution for relation extraction.

Prompt template construction module

Theconstruction of prompt template plays a crucial role inthe
prompt-based relation extraction. In this paper, we wrap the
sentence x with the prompt template to obtain the prompted
instance X promp:, as shown in Eq. (1):

Xprompt = [CLS]ey [MASK Je[SE P]x[SEP], (1)
where [CLS] denotes the classification token that identifies
the starting position of the input sentence, [S E P] denotes the
separator token that separates different sentences or identifies
the end of a sentence, ¢;, denotes the head entity, ¢, denotes
the tail entity, [M ASK ] denotes the token to be predicted by
the PLM, and x denotes the input sentence.

According to the label word verbalizer in the prompt
engineering, label words are connected to predefined rela-
tions through a one-to-one manner. Taking the Data Structure
course dataset as an example, R can be defined as Eq. (2):

R =[{"depends on","is depended on", "contains",

"o

"belongs to", "has", "attribute", "same",

75

— *
Key-Value

Dynamic Update

won

"oppeosite", "norelation"}. 2)

In this way, the relation extraction can be transformed into
amask language modeling problem that involves filling in the
[MASK] token within the input. An example of construct-
ing a prompt template for relation extraction task on Data
Structure is illustrated in Fig. 3, where the [M ASK] token
is expected to be predicted as “has”.

MacBERT-large module

MacBERT-large [40] is an improvement of BERT that
better accommodates Chinese language peculiarities and
complex text structures. Inheriting the advantages of the
whole word masking strategy adopted by RoBERTa [50],
MacBERT-large employs an N-gram masking strategy based
on tokenization, which masks and predicts a sequence of con-
tinuous N tokens rather than individual characters during the
pre-training phase. This approach allows for a more precise
acquisition of semantic information at the word level. In the
Chinese language, words are typically composed of multi-
ple characters, which need to be perceived as a whole to be
understood.

From the Data Structure text shown in Table 2, the char-
acter “time” and the character “complexity” constitute a
word. However, BERT’s original masking strategy, which
can only mask the character “time”, is incapable of acquir-
ing the whole word. This limitation results in the vectors
generated after encoding cannot accurately represent the
semantic information. RoBERTa employs a whole-word
masking strategy that captures the semantic representation
of the whole word “time complexity”, effectively enhanc-
ing the semantic extraction capability for Chinese phrases.
Furthermore, MacBERT-large elevates its semantic under-
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¢ Dataset

Fig.3 An example of prompt
template construction

‘What's the time complexity of quick sort? Head entity: quick, tail entity: time complexity.

Prompt Template /

Sentence

\

[ (quick sort,[MASK].time complexity) J

What's the time complexity of quick sort?

fdn} v
TPrompl Input !

" Instance ‘ [CLS] quick sort [MASK] time complexity [SEP] What's the time complexity of quick sort? [SEP] |

standing of multi-word expressions by masking consecutive
words, which successfully improves its ability to compre-
hend the semantics of multi-word textual data, benefiting the
extraction of relations in Data Structure.

For each instance x promp: obtained from the prompt
template construction module, the embedding layer of
MacBERT-large, serves as an instance encoder, is utilized
to generate a high-dimensional vector representation. Then,
we follow [32] to generate a prompt-based instance repre-
sentation hy using the hidden vector of [M ASK] token, as
shown in Eq. (3):

h, = Embedding (X prompt) mask]- 3

Instance-relation database module

The static knowledge base constructed from the training set
is not well adapted to the learning process in education,
such as Data Structure course. Therefore, we have made
improvements to the existing key-value database, implement-
ing dynamic knowledge storage, which effectively improves
the accuracy of the model’s knowledge retrieval and ulti-
mately enhances its relation extraction performance.

In the improved key-value database, key is defined as
the hidden vector representation of an instance, and value
is defined as the pair (P, r;) containing a confidence level
P and a relation r;. The confidence level is introduced to
measure the reliability of the relations within the database.
During the preliminary phase, we use the training set to ini-
tialize the database. For the i-th instance in the training set,
the hidden vector representation hy, can be obtained from the
prompt template construction module. The initial confidence
level of the relation corresponding to the instance is setto 1,
indicating the highest degree of reliability. Then, we store all
the key-value pairs of the training set data via Eq. (4):
(K, V) = {(hy,, (1. r))|(xinry) € DNi € N}, 4)
where x; and r,; denote the i-th instance and its relation in
the training set D, respectively, and N denotes the size of the
dataset.
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In addition, we propose a dynamic update algorithm in the
instance-relation database module, which can dynamically
update the stored knowledge. According to Algorithm 1, it
performs the following operations after predicting the rela-
tion of the instance:

. Ascertain whether the hidden vector of the instance
already exists in the database. If it does not exist, the
hidden vector of the instance, along with the predicted
relation and the predicted probability, are combined into
a key-value pair and directly inserted into the database. If
it does exist, then proceed to the next step of judgment.

. Ascertain whether the stored probability associated with
the instance is equal to 1. If the probability is 1, itindicates
that the relation is highly reliable, and thus, the pair is left
unchanged without updating. If the probability is not 1,
the algorithm continues to the next step of judgment.

. Ascertain whether the predicted relation is consistent with
the stored relation. If they are consistent, the probability
P is updated to the average of the predicted probability
P, and the stored probability P,, as shown in Eq. (5), to
reflect the credibility under the latest circumstance. If they
are inconsistent, the pair with higher probability is stored
in the database to ensure that the information maintained
represents the highest degree of reliability.
P =avg(Py. P,). )

Our proposed algorithm equips the relation extraction

task with dynamic learning and self-updating capabilities.
It not only improves the generalization ability of the model,
but also improves model’s comprehension of existing rela-
tions and precision of prediction results. At the same time,
our instance-relation database serves as a tool for decision-
making, and does not depend on the model training process,
allowing for the manual addition of new instances and
the adjustment of old ones. This implies that even post-
deployment, the model can be dynamically updated by
modifying the knowledge stored in the database.
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Table2 A comparison of

; : : Masking strateg;
different masking strategies g 8y

What's the time complexity of quick sort?

Original masking strategy
Whole word masking strategy
N-gram masking strategy

What's the [MASK] complexity of quick sort?

What's the [MASK] [MASK] of quick sort?

‘What's the [MASK] complexity of quick sort? (1-gram)

What’s the [MASK] [MASK] of quick sort? (2-gram)

What's the [MASK] [MASK] [MASK] quick sort? (3-gram)

What's the [MASK] [MASK] [MASK] [MASK] quick sort? (4-gram)
What's the [MASK] [MASK] [MASK] [MASK] [MASK]? (5-gram)

Algorithm 1: instance-relation
database
Input: Dataset D, key-value database DB, instance
representation h,, predicted probability F,, predicted
relation ry,, stored probability F,. stored relation r,
Qutput: Key-value pair: (hy, (P.r))
1 for x in D do

Dynamic

update

2 if & not in DB then

3 | Insert (hy, ( Py, rp)) into DB;

4 else

5 if P, == 1then

6 | continue;

7 else

8 if r, == r, then

9 Compute P according to Eq. (5);
10 Update DB with (he, (P, ry));
11 else

12 if P, = P, then

13 L Update DB with (hy, (P, r4));
14 else

15 | continue;

Joint prediction module

Prompt-based prediction and retrieval-based prediction can
be obtained through the above modules. In this case, we pro-
pose a joint prediction in order to obtain a more synthesized
relation prediction result with a higher confidence level.
Prompt-based prediction

Prompt-based prediction is the direct output from the
fine-tuned PLM with prompts, resulting in a probability dis-
tribution of predefined relation. Given an input sentence x,
the prompt template construction module is utilized to obtain
the instance Xprompr = 7 (x). Defining the PLM as M, the
probability distribution of the instance on the predefined rela-
tion set R can be calculated as Eq. (6):

P (ri1Xprompr; [IMASK]) = Prg (IMASK] = [T (1)),
(6)

Table3 Detailed statistics for relation extraction datasets

Dataset Relation Train Valid Test
DataStructure 9 45,363 4985 14,502
SemEval 19 6507 1493 2717
TACRED 42 68,124 22,631 15,509
CMelE 44 17,924 4482 5602

where r; € R denotes i-th predefined relation, and v € V
denotes the label word predicted by the model.

‘We adopt an end-to-end training approach and the loss
function is defined as Eq. (7):

K
L==""B()log P (rilxpromp: [MASK]), @)
ja=1

where K denotes the number of predefined relations, and
function B is a Boolean function that returns 1 when the
predicted relation r; is the correct relation for the instance,
and returns 0 otherwise.
Retrieval-based Prediction

Retrieval-based prediction is the outcome of the stored
knowledge retrieval from instance-relation database. For
each instance Xprompr, the MacBERT-large module is uti-
lized to obtain its hidden vector representation h,. Then,
we employ the Euclidean distance to calculate the similarity
between h; and the hidden vector representation hy,y, in the
database, as shown in Eq. (8):

Distance(x prompr- key;) = |y, ey, ll2. (8)

where key; denotes the i-th instance in the key-value
database.

After that, we take the k-nearest instances and use the nor-
malization function to weight the probabilities stored in the
database pairs. This process ultimately yields the probability
distribution of predefined relations, as illustrated in Eq. (9):

P(ri|xprompr: DB)

@ Springer
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exp(—Distance(Xprompr, key)) Pi

% exp(=Distance(xpromp. key)) i’
)

where P; denotes the stored probability corresponding to the
i-th instance in DB, P; denotes the stored probability corre-
sponding to the j-th instance among the k-nearest instances
in DB, and k takes the value of 4.
Joint Prediction

The prompt-based prediction and the retrieval-based pre-
diction are weighted to form a comprehensive probability
distribution, as shown in Eq. (10):

P(rilx prompe: Union) = AP i Xprompr: DB)
+ (1 =W PTilxprompr: IMASK]).
(10)

where 2 denotes the ratio parameter, which can be adjusted
to achieve the optimal prediction results.

Based on the obtained joint probability distribution
P(ri|x prompe: Union), the relation with the highest prob-
ability is selected as the final prediction result r*, as shown

in Eq. (11):
r* = argmax P(ri|Xprompe; Union), (11)

Table4 Definitions of relations in DataStructure

The final prediction result r* and its probability
P(ri|x prompr: Union), together with the instance’s hidden
vector representation hy, will be updated and stored back
into the instance-relation database through Algorithm 1 for
subsequent predictions.

The joint prediction module effectively leverages the
existing knowledge (instance-relation pairs stored in the
database) and the model’s reasoning capabilities (predic-
tion results obtained from prompt-tuning), ensuring higher
confidence and accuracy in relation prediction. Furthermore,
this module can flexibly adjust the ratio parameter A to
accommodate various prediction scenarios, thereby exhibit-
ing strong adaptability and robustness in the dynamically
evolving domain of educational knowledge.

Experiments and discussion
Datasets

For comprehensive experiments, we evaluate PURE on an
educational dataset (DataStructure [51]) and three public
datasets (SemEval [52], TACRED [53] and CMelE [54]).
Statistical details are provided in Table 3.

DataStructure: an educational dataset originated from the
Smart Education Open Knowledge Dataset published by the
East China Normal University. It predefines 8 common rela-

Relation Definition Example
Depends on It pertains to deductive reasoning, where Entity 1 Blocking search is an improvement on the basic
depends on Entity 2 sequential search method.
(“blocking search”, “depends on”, “sequential
search™)
Is depended on It pertains to deductive reasoning, where Entity 1 is Circular linked list is a special type of singly linked
depended on Entity 2 list.
("singly linked list”, “is depended on”, “circular
linked list™)
Contains Tt pertains to semantic reasoning, where Entity 1 con- Graph contains directed graph and undirected graph.
tains Entity 2 in semantic or logical concept (“graph”, “contains”, “directed graph™)
Belongs to It pertains to semantic reasoning, where Entity 1 Bubble sort is a stable sorting algorithm.
belongs to Entity 2 in semantic or logical concept (“bubble sort”, “belongs to”, “sorting algorithm”)
Has Entity 2 is an attribute of Entity 1 in terms of semantic What's the time complexity of quick sort?
or logical concept (“quick sort", “has”, “complexity”)
Attribute Entity 1is an attribute of Entity 2 in terms of semantic Data item is the smallest unit that makes up a data
or logical concept element.
(“data item”, “attribute”, “data element”)
Same Entity 1 and Entity 2 have the same concept or abstract Pre-order traversal is also known as pre-root traversal.
description (“pre-order traversal”, “same”, “pre-root traversal™)
Opposite Entity 1 and Entity 2 have the opposite concept or Graph traversal can be divided into two types: Depth
abstract description First Search and Breadth First Search.
(“Depth First Search”, “opposite”, “Breadth First
Search™)
@ Springer
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Table5 Specific setting of experimental parameters

Parameter Value
Word embedding dimension 1024
Max sentence length 128
Optimizer AdamW
Epoch 100
Learning rate 2e-5
Weight decay le-5
Batch size 64
Ratio parameter 0.2

tions and one special relation “no relation”. The definitions
of 8 specific relations are shown in Table 4.

SemEval: a wildly recognized relation extraction dataset
originated from the International Workshop on Semantic
Evaluation 20 10, which contains 10,717 annotated sentences.
It predefines 9 relations with two directions and one special
relation “no relation”.

TACRED: a large-scale sentence-level relation extraction
dataset originated from the yearly TACKBP4 challenge,
which contains more than 106K sentences. It predefines 41
common relations and one special relation “no relation”.

CMelE: a biomedical relation extraction dataset originated
from medical textbooks and clinical practices, which con-
tains 28,008 annotated sentences. It predefines 43 relations
and one special relation “synonyms” (containing 10 sub-
relations).

Experimental setup

PURE is implemented on the Linux operating system, using
the deep learning framework PyTorch 1.13.1 with CUDA
11.6 as the experimental environment. As for hardware con-
figuration, we select an Intel(R) Xeon(R) Platinum 8350C
CPU, and an NVIDIA GeForce RTX 3090 GPU. We uti-
lize the MacBERT-large model that incorporates a 24-layer
Transformer with a hidden layer size of 1024 and 16 self-
attention heads. The learning rate, weight decay, batch size
and ratio parameter are explored with the following values:
[2e-6, 2e-5.,..., 2e-2, 2e-1], [le-6, le-5...., le-2, le-1], [16,
32, 64, 128], and [0, 0.05...., 0.85, 0.90], respectively. We
carry out an extensive array of experiments and record the
parameter values at which the model achieves its optimal
performance. The specific setting of experimental parame-
ters are listed in Table 5.

For an equitable comparison with previous research, we
employ the Precision (P), Recall (R), and F1 score to evaluate
the model performance.
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To verify the effectiveness of PURE, we employ the fol-
lowing advanced models as baselines: the first three are
fine-tuning based methods, while the last three are prompt-
tuning based methods.

o SpanBERT [14] differs from BERT in both the mask-
ing strategy and the training objectives. It masks spans
rather than individual tokens, facilitating easy access to
this span-level information during the fine-tuning stage.
KnowBERT [15] incorporates knowledge bases into
BERT using the knowledge attention and recontextual-
ization mechanism. It embeds multiple knowledge bases
into large scale models, enhancing their representations
with structured, human-curated knowledge.

RELA [16] is a Seq2Seq model with automatic label
augmentation for relation extraction. It extends the rela-
tion names via three approaches (Paraphrase, Inquiry, and
Synonym), providing more supplementary information
and benefiting the model’s performance.

PTR [26] is an open framework that takes advantage
of both prior task knowledge and PLMs. It designs a
few simple sub-prompts and combines them according
to rules to handle specific complex tasks, outperforming
traditional fine-tuning and prompt-tuning baselines.
RetrievalRE [32] is the first semi-parametric paradigm
of retrieval-enhanced prompt tuning for relation extrac-
tion. It allows PLMs to reference similar instances from
open-book datastore, making it easier for the PLMs to
predict long-tailed or hard patterns.

GAP [27] is a generative context-aware prompt-tuning
method for relation extraction. It generates the context-
enhanced prompt tokens that can better guide PLMs to
make more accurate predictions, addressing the issue of
compatibility with the traditional LM objective.

Main results

The experimental results of PURE and baseline models on
DataStructure, SemEval, and TACRED are compared in
Tables 6, 7, and 8, respectively. It shows the fact that mod-
els based on prompt-tuning generally outperform those based
on fine-tuning on each dataset. Prompt-tuning strategy, when
applied to relation extraction task, can effectively activate the
knowledge within PLMs, thereby enhancing model perfor-
mance.

Specifically, PURE exhibits higher precision, recall, and
F1 score on the DataStructure dataset in the education
domain. Among them, the F1 score of PURE is improved by
2.9% compared to GAP, one of the most effective baseline
models, proving the effectiveness of its dynamic updating
mechanism. However, in contrast to the experimental results
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Table6 Experimental results of different models on DataStructure

Table9 Experimental results of different models on CMelE

Model P (%) R (%) F1(%)  Model P (%) R (%) Fl (%)
Fine-tuning SpanBERT 74.0 61.9 67.4 Fine-tuning SpanBERT 58.7 54.8 56.7
KnowBERT 76.5 60.4 67.5 KnowBERT 60.2 56.7 58.4
RELA 78.3 66.4 71.9 RELA 68.4 56.9 62.1
Prompt-tuning PTR 813 69.1 747 Prompt-tuning PTR 66.9 353 60.6
RetrievalRE 85.0 70.9 773 RetrievalRE 67.2 558 61.0
GAP 847 7.6 71.6 GAP 67.8 56.0 61.3
PURE $6.3 755 80.5 PURE 68.1 574 62.3
The winner is in bold and the runner-up is underlined The winner is in bold and the runner-up is underlined
Tbla?, [Repenitenta el ol Teveng apdels s Sonited] To validate the effectiveness of PURE in relation extrac-
Model P (%) R (%) F1 (%) tion for more complex terminology, we conduct experiments
Fine-tuning SpanBERT 892 872 882 on a biomedical dataset, CMelE, and the results are shown
KnowBERT 91.0 872 89.1 in Table 9. It can be seen that PURE achieves t_he_ best F_l
RELA 91.6 892 204 score and recall, as well as lh-f: second-best precision. This
Bt toniig PR - 803 200 fiemonstrates t.hal the dynamic use of extern.al k.n.owledge
. i Wb S in PURE Prowdes strong mbustne§s and apPllcablllty wl.aen
AP 1ok —_— 507 dealing w1lth more complex.d.omam scenarios. Mea.nwhll.e,
e N RELA achieves the best precision on the CMelE dataset. This
v e i i is due to the fact that the relation labels in CMelE harbor
The winner is in bold and the runner-up is underlined rich medical knowledge, and the three augmentation meth-
ods designed in RELA can utilize this information to a large
Table8 Experimental results of different models on TACRED extent.
Model P (%) R (%) FL (%) Since the join prediction is derived from both prompt-
based prediction and retrieval-based prediction and adjusted
Fine-tuning SpanBERT 71.2 704 708 by the ratio parameter A, we conduct experiments to explore
KnowBERT 73.3 69.8 715 the impact of 4 for the final results. Specifically, we set the
RELA 728 69.6 712 range of A from 0 to 0.9 with intervals of 0.05. The experi-
Prompt-tuning PTR 732 71.6 724 mental results are depicted in Fig. 4. When A takes the value
RetrievalRE 73.1 723 72.7 of 0, which is equivalent to removing the instance relation
GAP 735 72.0 7259 database module, our PURE only achieves an Fl score of
PURE 74.6 718 732 74.3%. 1t performs optimally when A takes the value of 0.2,

The winner is in bold and the runner-up is underlined

on the public dataset SemEval, we find that both fine-tuning
based models and prompt-tuning based models exhibit lower
effectiveness on DataStructure than on SemEval. This is due
to the fact that, out of over 60,000 sentences in the DataStruc-
ture dataset, more than 30,000 sentences are labeled with “no
relation”, constituting a significant 50% of the entire dataset.
According to Gao et al. [55], model performs worse as the
proportion of None-of-the-above (NOTA) relation increases,
which explains the above phenomenon. In addition, PURE
performs essentially on par with prompt-tuning based mod-
els on SemEval and TACRED. This is attributed to the rich
knowledge in the training set and the high repetition rate
of knowledge in the test set, which results in the dynamic
database update algorithm proposed in this paper not per-
forming as effectively as expected.
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with an F1 score of 80.5%, highlighting the importance of
integrating retrieval prediction. However, an excessively high
value of A leads to a decline in model performance, suggest-
ing that over-reliance on retrieval prediction can impede the
model’s ability to accurately predict true triples. Thus, we
conclude that an appropriate A can assist the model in recti-
fying incorrect predictions.

Ablation study

To furtherinvestigate the effect of different modules on model
performance, we design the variants as follows:

o PURE-p: we ablate the prompt template construction
module, conducting an end-to-end training directly on
the PLM.

e PURE-m: we ablate the MacBERT-large module and
employ a traditional BERT.
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Fig. 4 Effect of parameter A in the joint prediction module on DataS-
tructure

Table 10 Ablation study on DataStructure

Model P (%) R (%) Fl (%)
PURE 863 755 805
PURE-p 83.8 72.6 77.8
PURE-m 846 742 79.1
PURE-u 826 7.0 76.4
PURE-db 812 68.4 743

The winner is in bold

e PURE-u: we ablate the dynamic update algorithm, keep-
ing the database from up-dating after prediction.

o PURE-db: we ablate the instance-relation database mod-
ule, relying exclusively on the results from the prompt
template construction module for prediction.

The ablation experimental results on DataStructure are
shown in Table 10, where PURE is compared to four variants.
Among them, PURE-db performs the worst as it does not
utilize additional knowledge, emphasizing the importance of
introducing an external knowledge base in relation extraction
task. PURE-u performs better than PURE-db by introduc-
ing the instance-relation database. However, compared to
PURE, its performance still declined significantly because
it lacks dynamic updating of knowledge base, overlooking
the characteristics that knowledge in education domain is
dynamically updated. PURE-m performs the best out of these
four variants, but falls short compared to PURE, verifying the
superiority of the MacBERT-large module. PURE-p shows
a2.7% decrease in F1 score after the removal of the prompt
template construction module, thus underscoring the advan-
tages of prompt-based instance representation in enhancing
model performance.
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Conclusion

In this paper, we propose a prompt-based framework for
educational relation ex-traction, namely PURE. In order
to enhance comprehension of abstract educational concep-
tual entities and their relations, PURE adopts a prompt-
tuning approach and utilizes MacBERT-large to obtain
prompt-based instance representations. Taking into account
that knowledge in the field of education is characterized
by dynamic updating, we construct an instance-relation
database and propose a dynamic update mechanism. The
knowledge encapsulated in the database is a combination of
static data from the training set, as well as dynamic updates
that are synchronized with model predictions. Furthermore,
a joint prediction is proposed to output a more synthesized
relation prediction result with a higher confidence level. We
conduct several comparative experiments on a DataStructure
dataset and three public datasets. The experimental results
demonstrate the superiority and effectiveness of our model
in the educational relation extraction task, outperforming
several state-of-the-art baselines. Moreover, the model has
shown comparable performance even in more complex sce-
narios such as biomedical relation extraction.

Our work primarily focuses on the dynamic update mecha-
nism of the external knowledge base, without delving deeply
into the design of domain-specific prompt templates for edu-
cation. The lack of exploration of domain-specific prompt
engineering may limit the model’s ability to adequately cap-
ture the unique features of educational concepts. Therefore,
we plan to investigate more tailored prompt designs that
better align with the specific requirements of educational
relation extraction.
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Method design of introducing course for
ideological into practical courses

Take data structure course design as an example
Fu Hui  Li Dongmei Meng Wei  Hong Yi

( Beijing Forestry University, School of Information, Beijing 100083 )

Abstret  In the computer professional courses, the course for ideological education is
often combined with the theoretical course content, and the research on the introduction method
of integrating the course for ideological into the practical course is less. Taking the data structure
course design as an example, this paper discusses the introduction method of Integrating
Ideological and political elements into practical courses in combination with the multi-level contents
covered by the course for ideological.

Keywords practical course, course for ideological, introduction method
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Teaching Reform and Practice Exploration of Data Structure Course
Integrated with Ideological and Political Education

(Li Dongmei Sun Nan Fuhui Hongyi Mengwei)

(Beijing Forestry University, School of Information Science and Technology, Betjing 100083)
Abstract College education should put morality first and highlight the leading position of moral education. The
ideological and political education resources should be digged up in professional courses, so as to achieve the goal of
"three all-round education” of all staff in the whole process. In this paper, the teaching reform scheme based on the
ideology and politics of "Data Structure”, the core course of computer specialty, 1s put forward. We organically

integrates the knowledge system, ability system and value system, and integrates ideological and political elements in
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the whole process of curriculum, such as objective revision, curriculum content reconstruction and ideological and
political teaching, The teaching reform has achieved good results. It can provide a teaching model for the reform of

Ideological and political education in the other courses of computer specialty.

Key words curriculum ideology and politics, data structure, morality first, three all-round education
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THF gl KA L 7 414, Z 05 .4 Sisf Ak 10
T e L o R R R R B ESR A B
TR+ 2 AR RS 4 T L (A A R S 2 R X sk 22
B s B ) L0 i

2. B FRIRAL I

LAl TN SR TR Y5 B g Wk o L el e N A R R
B TEFE D . SRR E T 45 5 AL 7E 5 A
ANEE YRR A 11~13 S H , R R i TR
A figt SEAC RS E/E £8P ¥ (Online Judge. fif ff O)) &
G AEZR VT 1 FR 5 52 AR 1 55 R (4§ accept-
ed, wrong answer, runtime error, time limit excee-
ded .memory limit exceeded %), % T7 M L HFH
BT AT BN HE 4 5 7 AL 22 1 B (e 42 5 i 8
R HACAR [+ F A 50 FH I 8 21> 44 A i

Hr T AL B MOl R 2R R SE SRR UIBA Y
. B2 BAFE 2010 FEEE IR T b 5Ublk K= LR T
FI Z 5 (www. bifuacm. com) . i ZRHKC L5 3 Wik
FRBH . B 5 AT CRGE) TR G SE 0 o
FiZRE AR, BRFEERBHEBTRZE.
FUMAE F 50 b X I 1) % 0 50 6, & 050 38 A0 4R
S~8HMEEARSMEH, LRFGE FAEERS
b 2 AR oK ik 4 R L 52 0 i AR ep A 2R g SR A
AL A A HE 2 CRITE B8 0 00— F  f 110 H
2 HE 47 BREETT 5 24 HOHTIR] B L TR 0 HE 47 0
B ). S HE 4% REAE BUARGF 09 SR PE L B R R B
FEHEHL AR . BLAh . FELRITH R GUE AR TN
HEHEINAE. HEGATEE RORE LR 7%
PRI, AT TG R A e o) R R AR T 4
EORS R ARG B 00 £ RS A BE A o 7F £ TF M) R 5 Y T
F L 330 Bh F B30 5 A G080 3% 58 8RR A8 By W
BEHE ST b A AT BRI R O 96 R R
il B 1) S R T R

1 5h B 231 45 R S B B WS Ay S K
AAEL VR FGE R AR I S 505 BRI Y S
H 45, x4k 5 H AT LA IR I 5 R e i A
Bl 2 A R B2 R A 2 BE 2 =

3. AT RS ERIINR  ik

R 5 4 RLE) IR R R B 55—~ A
BUEARRER R BB sk, W T H—BERES
B TAEEMAETE A GZREBER T RE. U
g L A e TR S RRRE T .

Sy T DR B SRR Al — P A B R 2 T AR T
H. e n“ sz dg "4 78 RAE P 3R B0 8 564

JH ST TR 00 A M AE 55 A5 0 A Al 48 A AR 2R
Ja 2 BT 55 5 A R 2 I b SR A
Wit— RPN E R M TRAE. 445G R EE
BRI P 2 T R EE A o R SRS AR
o st T R R AR TR M IR SO TR S W
SO B R AR 4R A .

(Z)nEREL BTN F

H T [P A DR AR Y B R AR A A P R
ISR R 2 i A, P, F IS Ay 4004, 1)
KBRS 60% . WK — oy £, S EW
8 SR A SR T T T 0 0T A SR R R T )
W, B MEFR RS S g K. BEER
S AT bR ROl K B S A (OLE)
PR A A G R B OE R WA ) SR K L LR
Wt S5 B "R B A B E T KRR E R
TRFR, WL 3. Hb WU R L 8ok A S
ik, AR EIRIC Y, M E fEisiE FEm
SRR A A e ) B ORE A BB L IE B A AR A T 1)
B TR U R R LB R e T .

£33 LR RBHERI S 547 (NEF)”

R A F R ER %
e W%k AER Fofedlk
30 15 10 15

3 oh i SE Ry 0 b o U R B i e L e
Mol A2 AR 2P ) R G L AT L 45 62 A AR
B BB A [ Y i L O Al 4 . HE R T A
HRAFAEATT. LA REHEMN LR
i B RE 77 - PRI U5 2 45 R i 05 i e 2 1Y 4 2 K
o AN LB T 2 BT A0 T S 2 A ] R B
R R IR TR P AR T AT A R
A F AR R R TR TUE e .

ZVRERE M E AT 5 S (F)"R

S —FEZMEE CUERE N BRI S
a3 0T CRUED ™ P2 07 S B DL R .

(=) dsmin AR H P @i A REHE

L B BR R EE T E RS AR R
54000 G "R S b BN ¥4 2 5 B
AR AR T TR BRI
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TRH S LUBE S B0 0 R RS AT OO IR HUE IR R

) 5 B 7 T R U
e 7L AT T URAR R R RR g o e AR B T IR AR
B ERAR 1] BE O B PR AR AR A .

P 3 SAhdbE Ml K2 2020—2021 F4E“H kT
5 2007 OBUIED " U 25 AR AR 49 40 A ABCE 4 H 1
XTRER FR . AT LUA . 2 A 00 0 &5 s R 3 B & OF
PR AR O SR B R T g R AR O X s EIE T
IR B HLE] L B R LR . B
PP B AL A ARV R G LS 0 g
AL (L 5 S0 R R A 5 20 D B H S 119 58, 8
S HEE TR T X B H B L d s
Sl < A 0 2 AR R

200 172
. 150 4
=
m 89
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i:g 51
A '
0
90-100 80-89 70-79 60-69
A ARG

B3 2020—2021 A X FEiERIT 5 5
(ME)"REEERASHFSHAHEOMEXFR

()RR FRHER

BB H B R R TR T
SRR A B Tk R E LR P R E R R
T AN M AR T Bk bR
MRl 2 i [ B R A A AR Y R SR BR L P B KA
e TR PR T T 5 2 R A AR P I T AR R 1 2 A B
AR S0, A RS T B AR RS . L 2020—2021 4R
Hf.178 B BN T Lk 3 R E R
BHRw®. 22 Eik.o2 8 ESMTERLL
FLAPREERY 5% 1 K EHEE S 6K,
FARR=HX 19 RHERFR X 3K,

BT CUTR IR RO S B AR T T
MR TS 4 AT g A B RE A7 IRl TR R AL
2 f TR A R ) il T AR R R L EL AR A
PR L B e B A L X A e A T
R ST B A G e R e ] S X R R A
HEEA -, Bk, FAE TN EA
LT U A2 R R L ERA AT U B
e B TR 0 N, 4R I S R H 00 R R L OF
FEUR G SE AR B AE 0 A A0S S B R A R A
SCUG R AR B H 2R th A BRI 3 1

. AR A R R R AN BE A R I EE R I
HEEE B 42 2 iR R S Al e, T X e )
R B — A TR AL R R AR 1k S R FE
WHFEENMOES. B TR RS S0
GO "R AR R B 1 S PO, < ik
B0 OUED "R AL B T DATE RS 80 R S S Bk
BB RO TR A A ST AL B iR S e Y
PERGESR T AR TR S AL,

WA R AL AR K F 2021 FHFREMAE
§ OB —"H ikt 5 S (B REF REERL
EHRMFHE,F B K5 BIFU2021IY071; 3 FH ¥
oI IAMEL FER @ A et
M AR RIFEES ER.90 B 45 EJSIRI20
201306,

& & m
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to algorithms [M]. Third Edition. Massachusetts: The MIT
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BB AR IR SRR SRR 2. B F R
HREALRRE SRR S A A &l GE F7 F 5 B 3R (M. b5t
BL Tl i i, 2010, 1-10.
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7. EF KK (EduCoder) SKEHFET EHIMELL. FETIL “HiRE
21”7 FERSRBFENRR (FEHLEFTERAD

ET L (EduCoder) SEERHFEERIWELL, HEEI
“WIRGEW” FIRRE SR FNRE

BB e FL£4i

CIERThRE R efs B2k, JbsE 100083)

T ARARFE, i F A R ER R CHIERENT RTINS AT, AL AlAFHRIe kT
(EduCoder) HHHKFFE&, RATREAMFHRA. ARFRAEM “WRF N, WFHE, SRR, A
A§R” W FEE, MET “HFH” —HRLHRERKX, REBFAGARLERL. AliREd, XHX
Wohg A B “HEEA " AR A, R ket iR, AR, RIFAGBAERRE., PR
REABRIMRA: EHAALRT &, BAFLOKEATERM . adHFHLHRESTL
R AMFWXBME A TR EE. BTN, AAEERPIRAS 2508 RAMAFHES T
Hth iR 638 F RN Aoikse iR R B, BRALK B SR E SRR E, BAFEES IR ESRA
HFERKEF, FHRMETFRA, HFPMNLINT 95.8 5o T—BKXH “HBLEH” RAEGHFAFIRET
AT, THRHMEARFRATSAFRE.

XK k3 (EduCoder) HHEHEFF & Mo XNHKF; wF{2; Hifd; HIELEH

AT, HEERREFEE A AT R M R, R LR AT I At 7R
HEER e MR X2, AW EFN G40 S, W BE I, JRl
HEFRRA R RAEIRE M A B S8 17 s A BOE B A OUBRL T #2008 2 ofb A A
IR, WP T 2 AR IR R B 2. BRI, UL R B Tl i 22 AR 2 o) A e
ALl 48 XA (LR A TR 72k BT AL RS, IR RO,
BAAIIRE S . A, SAREZ TERIISZIET, HS S B AACR 2 2 3 R,
i S ) R AEH .

AL VAR STl R 247 BT B “ Bl &7 IRAEAH], SRR XU, izt
WA MEIRRR . JEs R E B RO T — A RRNEE R, B AR LR
PPE SRS - ZERME T, Bt Tt 2 LU 2L B
MzEfr A (AT IR —, “HdRAE " RS UG BRI T IR
SO G, R ARG e Tl iR TR ST WAL FE Tl gLk
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A TR G b R R, SRR AR e A ] T S BB T A
[FIF “ BB g b7 AR . IR G2 A R s B R IE 0 S 2o HE, it (R IR A6 T 4T 1
ERABTIN TR, FHE, KL 70 BN BTt sE CHIRLHT RRE.
IR 3.5 240, A% 56 S0, AL 16 FIRIECERE WA - IR R k),
T H LS VU ST (M2, A OE T — NP HLE B S B B A B R
o S AT S S AR TR A IS T A S IO RO R B S N, R T —
T A RS A —— “Hes” =B, JFEE &I (EduCoder) Sk #:
FERE, WA T WTEE S SN RS RURRIH A S AR
UL E 2 burN
—, WELL, @HET “HIREN" RERFNES

(=) #F B4

FEX 2 o) 1R, AR AT IR R B 2 S SRR R AR S R, B
BRI AR, RTHLIERE . B MRS R B M LT S s 4 BBl EeEE
Fe

L HNRTTHE

Y ABUAT 95 LS “HHBEE A7 R (ER IR SR, R LA AT R — 4%
DRRETRZ IR HORPIRTZ, MR BOR AT ik 5 A FE R 1A B R R MR AL 4K
W%, BTEMSEE MR RRAL. B B BAFI. R TEA 1 DL B S5 M 2 i B R 45 4
FERNTH fRIX L SR E AT AL . U ) AR FLE ) St T IR 45 . IR, ERIR A i
BRI, mEF SR ERREA, RS EEERRN ST E, BERE R PSR MR
LR MR I RE ST, AT B A v 2 2 () A R

2. R S E

Yot HN B TG A (R AR So i Al 7, LA B BA2RIZ ] Python 5 & SEIRFF 4%
FRHIR A I — RSO M B RAR S R H S5, S22E AV TH 2 20 1 1] B Ve
1, S A B ) AT AT, PRt AR A5, R S A B LA R R B S bk
e MEAL, SURERERRI SR RS S A B A S RO A, SRR A I A A
BB R IR, 5 TR & 0 Rk BT R

3. M {E W5 T

CHRLEH T BRECI TR BB, B ASESIMREM, iR
AR B #H 5o AR 2 FEAR FRAESE ST A0 A R TH I R M R L, BRI SAER
TIERS A QIR R, BUnMATERITE . BTR0H, AR RIS HIRAIRE “HdR4H
IR Z IR . SR E Pl G e e, SR AR AT SR Y 7 AN R SR AT R R A
&, SO HREAN G R, R A 2 I SRR E SN, ISR TR
WA ERETAE S . EHERL, PR AR N, BRSO RHEE TR
HCOAEM YL, AT AR A R R I HESh #0613 # .
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(=) #Ftg

LR

WG T R Z T E IR AR . 12, MR HESREI RS, &
FAELA ) 2 R TR 7 & 1 5 2] 00 R R ST RN , BE S PUHUE N Rl
TR R A BRI AR IR B AR B RO R, T 2R IR Sy, AT
F BN ) R 10, A AN M R 2 ) AR o 0 S R B SRR R R
HIREH DL, BOABATLE “ HRas 1 R R R TR S S FO U A0 45 A4 T 4
FEROML A . BN, W TAEBESEE T RAEE, R S] “HARE " R R iR R A
HrIE, et SR AR VR A S T R, B R A B AR U] 5 P8 0 2 (] S22 B i B B 5 4
PR, TR R R S BB E A “HRL T SRR R A A R
REPRIEAR A G SR BRI, DURTHE AR finf 18 TR RSUAR R @ B R, &
“HERE RS A E L RRR S, AT AZEERT < BARAH 7 RN ERIREER S R
iz

2. 5%

FARK GO R T REAL B AR, AT 2 /NS Y e o o I I TR TR g
TS “H0dR 454 7 i — mn ik AR, ARAE R BIRR IR R . T R T R R,
WEFE, FHENEA R YT 5 H AR R 5], B A 4507 1B
AR . JREZENTLE S T Python Zi BRI FERN AR, H “HER &5 & iFHh SRS
AR AT 3 413 SR — A/ BB i o 51, T 3 R B A 5 ) B A AR O B R
S SRBN R, Ak, SRR ENRBREA R, Xeis SRR fEE, ®
R R SEBRA S R K. KRB MER AR B (5 R BB R, W Sekz 423h B ik
HEIER RGO AT GBI E , A MR S BaR S ERR P sebr e R R B,
THERZIRAIR FMIE A1, R ICRERENA T % ] B AR R A . L, XU, st ¥t
WHRER, MRMEEAL, HoF T EAE R RAR AR R, XX Bk
FEE B GE — AR AR TR T B8 . BRIk, o (e o — R BRBE VR O 2, HRAL S22
HRITHE, REFENE MBS 5, RROESEH FEREN DB R R 28,

= ORWELL WiET “HIREH” RIERARAFMEH

EHEHFAWEH RS, HER YIRS REOESRAEBOA R &
b e 5] AR SR E R . SEH0 B IOTE THTIE AL SRR, 800 AR & 8K
FRMES, ME AN ERARE. S HEARE RECAREL, R G, e
AR . SRR BT TEREEIE. RIS BH S ReEEE, WL
AR PLYRA) S ARHERE IR I T B B B I B S A R
ARSI AR ML, BRI TS e, SIS R N SR S R A R
FESEFRIA 1o AL AR ELAR S H, et Bl & 100 H ik S22 0 B 2 Jn iRl 25 51, sl
BE AT R SRHL, IR AR EOR, WA 1 PR,
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(EduCoder) 3£ ; o l |
R ek
S o o® x
o 2 B T 5
hom % L
m o 7"
o7

B 1 MFM. WeTl “HREN RERSRAHFIHER
(=) WRFAFT

FER B AT, B8O TAE 5 AR 7 2 308, Jld Bt 5 2 BT R
AESRII B 5, Lk AR IS B R Y SE P FR A i 30 0 S 5 A i B SR Bk
(BRI, kSR R RE S AL B A B AR B bR . B B R MeRRGE . BRI S 2
FEAERIECET B 519 SR Rah B AN, SR AT Bk At AR A ER . 5B S AR ICA
FAERRME T —DMEIIE R, B I R B 5T A B RAIG B, D) S
IR ST RISEBRAT T IR LAy Sl X — I RN, STl “HaRas " RIRR & X
FRI TR, NFEEITR T — Bl A AR R 2 2 ik

Bln, EPEEEET 1 BRSO R I RGN IR ] A L PR SRR 1, LA
USRS ) ) 5 AT VRN S R 0 A A Y A B R R (. B S R L R G S XA (5
BACR B, SR8 {5 B BORMEHE Sl S M E SO SRR B SRR . RImE, ABLA R
BRI AR R T AT AR, RERERES S A FEN— . S
LA R £ P AT R [ A N TR R U A QTR R, R R R A LRI DL
ST TR, T LIRSS B R 0 S B R, [RIN IR T 1) 4 R A R R
HB R R B, WORANTARRGEE ST A BRI DL B S IR B sk B
BT T 2 AR £, thIBFR T AR A2 SRR R B AT . ZERA S p 3
FR R, RO T — RS BATRIE M B B Sl LU B A 5 A S A 2 A
SRANRE AT Herpifiah 7 Ak UORIE S0, & TR 22 TR N2 R RS AR RSk
Frifdfi A BE i I s SEFRIFR A1 N, A BD T2 R B AR S MTE R S 5 T I SR
PRI B2 R0 W R A T (5 B AR AR R e el R (R i 5 b 2L ) o 42 1)
REM Lk 22 M R 2 U P A B S P e A R 5 Bl R T7 AT 00 5 5 R I 5 0 st s o ] i 2
AT WA R B EAREE K S A 4 U A B R S N AT S RS S AR R R E T
R E MR T W R R S B R . RERBIRSIA, BT RS
TERIEE B, HICE R mE 2 Fin, MRS ARG M ERME TH X
#.
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o 442 =2
O * .
L= FSURIE
SRR B g

g il

o° o4
J\ﬂLh’iﬂ?
2 WL, BT “HEEN" BERAXLFOHRIIAGY
(=) BE#HETRT
E—FR, RO E RS F AR, SRR R IR AR B IR R
RALZEB T . AR TR, 52 R ASCHEANA A, JRE R EERE B 51 A BT S A,
WA C A RR MR L PR R0 A A B RE IR, MEEZEN, Al
PR AR 5 WA B 2 M R SET, BRANFR I ¥R RS O i i, DIARESE At AR A IR A
f#. PREEEHAT, M IRE N SRETY, NEEMET ROEIANE, REFEECENE
Bk, RO AT AR T A0 o SR U BT AR AR R, Ak
WMAEGERMBEALH D, BENFERME—AFEW . FFLRFHEHRENFH%.
() iRE AR
FEIRX—FHF b, FER SRR B R RS e BB, WRORSEA R g R A LR
POV HCHR 5 R T A e B el o Dtk B R R R e HE RS — S, RIS
i, FEAERRFERY o EIX 3, NS AE EduCoder SEER AT & LT 90 bRt fk .
Lk (EduCoder) SEE#(*#%°F& (https//www. educodernet/) . H 2019 £E617 LIk,
LEFE B EARS M SR BT, RAF AR IREEVEBRAR, IREL,
BE BT ASSMEEEERL, TP aaElTRERR. BFEHE. AAERINEES
ATITH L BTE R R BT 2 A SR AR SRR M BRI % Rt . kB (EduCoder) 52
BECET G DU AR, WU E R A0S IR, BOR e e PR R (TR AR
SR AR ARG . T E IS ST RE S I RIS IR, T BhAE A R R B TR b
HIRERIAE, M3 2 S A 45 e
FE3LE (EduCoder) SEERFEAF & b, HUMRSO BT AL T — R LW A 3 145
SR, & AR S A MR A SRR i R L R N R R AT AP & BoE
ORI S, RG0R BRI B RIS, R IEM S SRR T 2Ok B R L
B A By 252 AR R I B B O BRI (RO T AR e ] R £
FVRRMRE I Ry 3, AMARTE T 2 A 2 SRR B R T AR AT X R A B 1 O

119



o F A R R A, UM 2B TR DO, AT IR E AUURR . TR 2
B i e B s s TE , DL AN R R b LR X, SRUG SRR Bl A R
FERIE R IT 8 o AR XS 0 U AR AN B2 AR TR % BEAR SO 55 Y SEBR R, T LB
I T ARATTAE T X S ACLRG BE N S ST Rk R R RE o BRI TR AR R 2R S
R 1e) R BE 77, S HEATT RS AE AR SR 52 2] A A b B I B 5 A L

JER7ESL K (EduCoder) ST & ERIRE —Fm RSB, 244 AU RIS TLE 1
DR EAR A F IR B, SCRENE P R T SERR AR T IR IR R MR T,
BROBF R SEEMA &, AFERME T DRI A CRAMTS.

(W) 7 B34

FEFCFRSD, B SEEY e e RN REN RS AT, WE 15 ARE 16
JABEAT, SEadh SOATHR O G . IR B TEAR SR IR TR T R SE R I H A5, A5 A
SRS R SR AT R AaE Y, T A SR T AR e B e B Y B D DL S A R TR

FESE it 2, kAR (EduCoder) SEEE T & RIFECHIE M. KB M E=5EM
SCHTH, NHEEITRH “sEERmiE ” DhRbtt, o5 a4t 7 RAT e sk o . Bk
ME, $EFEHAEHEREAENER, TRETRERENEENZ AT AS, FAREEE
MRS B AR T AR HL M . SkEK (EduCoder) SEERE T 5 IR 550 B % 5 3 Kl
FHERRER R DIRE, X A R RIS 5 S0 A ARG SR AL 1.

B AR I E S e 20 3 S AR ) SR e ) IR R A ff s o el R
AEA), FRBRS BT SCE AN, HARAE AR ST s AT o A R B e IR SR
[FIE . i B 5 FE T BT S 1 Al /R R s A MR SR 2 A (B R O, i — B R AT T
HUFH = SRR A AR 2R 1 70 J5 M
=, &IESKF (EduCoder) EHRHFFEFRIWNEN ., HIEFT U “HIELEH" RERARN
R

(=) £37

g3 A8, A ERAUR AR, TR Ry B T S = ST R e ], AR
JETTREE AR e IR AR 1T 2R B UETRTE . LA, RSy U Z RIE . X TR £
SIIEEA R AN AT, HoAE LA ST CE R A th S 34 .

FE3: K (EduCoder) LB 2T & b, SRS RIS S5ERM%H .
[ 3 frs, PESE) R VFRDE BARKOT IR et ). SR Q@ AU, REE TR L
ZREH, FENTFERKRS, £76 LEA - THW gl sidR.
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* ERER:  IREER20241219

EEER: oo

EEnT: O AR EHEER

* EREM: 2024-12-19

* FreaRdAEL: 153
+ SRRl 15:18
IRZIREL  15:28

EEERRRER RN RS HNEFITAR

i e

B 3 F3HK
BRAEFR)E, BREBE R AEITIRE, FESACEEREE. B4 y20244E5
H 12 HiRE AR FIN I

20240512
BAAN BE3 40/ WER 63
EREEA: ERE SR sy FrEEEARE2024-05-12 08:00~11:20

8o
o

H 4 FRHERCAWR

(=) #FEFRNYF

kL (EduCoder) SEEGH¥ T & M # BT I 40 53041, HUM Ll FIA P &5 Bk
FRITIEE , 5 RGE R B BRE SR . PG R AL T R E H 2 IS Y B SRR
ZE[E], FUMAETARATERTAARA PPT, ¥ 3, PURM RIS R PO b R Bor BoRE .
HiZ#E B M 0 KA TORE, WRIEIRIE R . SO JOR SRS 2 Moy
IriRiEs, i IR AR TR N A

it SkHK (EduCoder) SEEGEZEF 6 BORCEBIIRST , BUM AENS PRIG AR (T 2220 P25 M 3k
BEFCIBE R, ERIOBERHRR SN e B M M. 5T 63 & (BIERN, TR, F
HLEE) FIERERGE R, JER MM AR B RSB WA, S MEE R AN TG A AT
PAPELRAT 2] X ekl 4 R0t 5IRE e 5 iEa). PR B R R R gt TR
SIRIGE, AT LML IS & B T [ T AN SRR A 2. 4T LURE B S R4 IR
BRI, B R 2k b ok 2k T R BOR, LIS NS R 22 2 SR A R

UEAh, S (EduCoder) SEERHET 6 B2 B IR G T 022 R 1 B 2222 .
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SR AT DAPE R G PRV XL R, o G 4R 4 T B R i TR R T BE, SCRPERRIAIIR R
TERIR R UKL 2 R 20 0F (ARl Efemt B4 ) AT, B ARl e o B e
R AEDG B R, IR HRAE U R AR, R IEAE AT REL N E% . Zit
AT BAAR R 2 B SR 2 2 1R B I 1 65 (B ) SRS £ R T 8 I SR R R TR 2 B
U, WRTRECE AR RUE RS R . k3K (EduCoder) SEEEHF T & REVEGHEIL R o0t
PEEBORTT VO, G5 PR LE, BUNATE SR A2 A oI i 5 R OR, #E
SRR FORE S 2T, SIAMEBER I, RIHHCEEEOR .
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o
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EFEZE Y I Nc e R ROV o SN SR S WINTE ) Y d U sh s e e R ISR
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[1] Sersf, “RBEGR” BT RROEA IR BN EREC)/ AR S EEE = < QT HE SR
FlRISIE " R (R 2) bR PEAERCL IR, 2023: 323-325.

[2] BRAR, SO, MBS He, 55, BTEIFIS 3 T FkAK (EduCoder) F& () Python F2H BEH VRN K HILH S LI MITE (1], K2
i, 2024, (01): 29-32.
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BEEREMFRIGER)

127



128



9. “UREH” BRBEAZRNBRERY QLKL KREHT
HEREMFE RO

129



130



L. HFEHIFIE
i 5 4k E RO H R

FE SLHEE
1 2025 4 EHFEFEENE T ATE: HEH  10F FAHE
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S B D SRR SR A

133
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) | fRigHd
int Index(Sstring S,Sstring T.,int pos) i
[ i=pos: j=1;

while (i==S[0] && j<=T[0])

YR EEF
1
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B\ i 7
[ ;)
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( MFHZEEE ; K, TEZE, 1=pos=Slength
il BN
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i

if==0 || S.ch[il==T.ch[jl){++iz++j;) acabaabaabcacaabc
else j=next[j];

i
if{j=T.length) return i-T.length;

abaabcac

else return 0;

) i |1 23458678
#&X%| a b a a b c a c
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