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Abstract	
Aiming	at	 the	problems	 in	knowledge	management	of	Electric	Power	Communication	
(EPC),	 such	 as	 insufficient	 use	 of	 unstructured	 information	 and	 lagging	 update	 of	
dynamic	 knowledge,	 this	 article	 studies	 the	 construction	 and	 dynamic	 update	
technology	of	knowledge	map	of	EPC‐specific	Large	Language	Model	(LLM).	Firstly,	the	
domain	knowledge	system	is	analyzed,	and	the	core	types	of	entities	and	relationships	
are	 defined.	 A	 knowledge	 extraction	 algorithm	 based	 on	 domain‐enhanced	 prompt	
learning	is	proposed,	which	combines	EPC	terminology	dictionary	and	prompt	template	
library	 to	 improve	 the	 accuracy	 of	 entity	 and	 relationship	 recognition.	 An	 ontology	
alignment	method	integrating	semantic	similarity	and	rule	reasoning	is	also	designed	to	
realize	the	unified	representation	of	multi‐source	heterogeneous	data.	The	incremental	
updating	framework	of	time	sequence	awareness	is	constructed,	and	the	inconsistency	
in	 the	 process	 of	 knowledge	 evolution	 is	 dealt	with	 through	 conflict	 detection	 and	
confidence	 assessment	 mechanism.	 The	 results	 show	 that	 the	 F1	 value	 of	 entity	
recognition	is	92.3%,	the	F1	value	of	relation	extraction	is	89.7%,	and	the	accuracy	of	
ontology	alignment	is	94.6%.	In	the	dynamic	update	scenario,	it	takes	an	average	of	12.5	
seconds	to	process	1000	pieces	of	data	at	a	time,	and	the	accuracy	of	conflict	handling	is	
90.3%.	 The	 research	 shows	 that	 the	 proposed	 method	 can	 effectively	 construct	 a	
knowledge	 map	 adapted	 to	 EPC	 field	 and	 realize	 efficient	 dynamic	 update,	 which	
provides	reliable	knowledge	support	for	intelligent	operation	and	maintenance	of	EPC	
network.	
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1. Introduction	

With the acceleration of the construction of new Electric Power System (EPS), EPC network, as 
the "nerve center" of energy Internet, has grown exponentially in scale and complexity. From 
substation automation system to trans-regional transmission line monitoring, from 
distribution internet of things to dispatching cloud platform, massive equipment operation data, 
business interaction information and fault handling records constitute a multi-source 
heterogeneous knowledge ocean [1]. This knowledge not only includes static parameters such 
as circuit breaker action logic and optical cable transmission loss, but also involves dynamic 
information such as communication topology adjustment caused by load fluctuation and link 
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failure caused by extreme weather [2]. Its efficient management and deep utilization have 
become the key to ensure the safe and stable operation of EPS. 
At present, knowledge management in EPC field still faces multiple challenges [3]. On the one 
hand, it is difficult for traditional database and document management systems to deal with the 
hidden association in unstructured texts, such as the causal relationship between "sudden 
increase in error rate" and "aging of optical modules" in fault reports, which often depends on 
expert experience mining [4]. On the other hand, the dynamic evolution of knowledge 
intensifies the difficulty of management, and new knowledge is constantly produced in 
scenarios such as new equipment entering the network and communication protocol upgrading, 
while the existing manual updating mode is lagging behind and cannot meet the real-time 
decision-making needs [5]. In this context, knowledge map has become an important carrier to 
integrate knowledge in EPC field by virtue of its structural representation ability of entity 
relationship [6]. 
Traditional knowledge map construction relies on manual definition rules or small sample 
supervised learning, which is limited in fields such as EPC with dense technical terms and 
complex relationship types [7]. In recent years, the LLM provides a new way to solve this 
problem by virtue of its deep understanding of natural language and domain knowledge 
accumulated in mass text pre-training [8]. The dependence on labeled data can be significantly 
reduced by prompting engineering to guide the LLM to identify entities and extract 
relationships. Using its logical reasoning ability to deal with knowledge conflicts can improve 
the consistency of the atlas [9-10]. However, there are still shortcomings in the existing 
research on multi-focus general fields, aiming at the exclusive adaptation of EPC: how to 
accurately identify professional entities such as SDH multiplexing section and OTN optical layer, 
how to dynamically capture the time-series relationship such as protection switching and 
bandwidth adjustment, and how to realize automatic incremental updating of knowledge map 
to adapt to network topology changes, which have not been effectively solved [11]. 
This article focuses on the construction and dynamic update of knowledge map of EPC-specific 
LLM. Firstly, the domain knowledge system is analyzed, and the core types of entities and 
relationships are defined. Secondly, explore the method of knowledge extraction and ontology 
construction based on LLM to improve the domain adaptability of atlas; Furthermore, a 
dynamic updating mechanism is designed to realize the real-time integration of new knowledge 
and conflict resolution; Finally, the effectiveness of the proposed technology is verified by 
experiments. The research results are expected to provide knowledge support for intelligent 
operation and maintenance, fault diagnosis and planning decision of EPC network, and promote 
the deep collaboration between communication and power in new EPS. 

2. Construction	Technology	of	EPC	Exclusive	Knowledge	Map	

The construction of EPC exclusive knowledge map needs to be based on domain characteristics, 
from knowledge extraction, ontology design to multi-source integration to form a complete 
technical chain [12]. In knowledge extraction, the strategy of combining LLM with domain rules 
is adopted. Aiming at the core entities such as "optical transmission equipment" and "relay 
protection device", the model is guided to identify professional terms by constructing prompt 
words including equipment model and function description. For the relationship types such as 
"bearer service" and "communication protocol", the extraction rules are equationted in 
combination with EPC procedures [13]. For example, the relationship pairs such as "220kV 
substation-carrying-telecontrol signal" and "220kV substation-connection-SDH transmission 
line" are extracted from "220kV substation carries telecontrol signal through SDH transmission 
line". 
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Ontology construction is the basis of ensuring the consistency of the map, which needs to cover 
multi-dimensional knowledge such as equipment, business and fault. The core elements of the 
ontology are shown in Table 1. Among them, the hierarchical relationship of entity types is 
defined, and the entity attributes and relationship types are defined, which provides a clear 
framework for knowledge organization. 

 
Table	1.	Core Elements of EPC Knowledge Graph Ontology 

Entity Type Subtypes Typical Attributes Main Relation Types 
Communication 

Equipment 
Transmission, Access 

Equipment 
Model, Transmission 
Rate, Manufacturer 

Connect, Carry, Include 

Business System 
Motion Control, Dispatch 

System 
Service Level, Data 

Volume Depend, Access 

Fault Event Link Failure, Equipment 
Failure 

Occurrence Time, Impact 
Scope 

Associate, Cause 

Communication Link Cable, Microwave Link 
Length, Attenuation 

Value Connect, Belong To 

 
Multi-source fusion technology is used to deal with the differences of heterogeneous data. 
Structured equipment accounts and configuration tables are transformed into triples through 
mapping rules [14]. Unstructured fault reports and maintenance records are aligned with 
structured data after entity relations are extracted by LLM. The semi-structured 
communication network topology map extracts the information of nodes and links to 
supplement the spatial relationship. In the process of integration, entity disambiguation 
algorithm is used to solve the problem of "the same thing with different names", such as 
associating "synchronous digital hierarchy" and "SDH" as the same entity, and finally forming a 
logically consistent EPC knowledge map. 

3. Dynamic	Updating	Technology	of	Knowledge	Map	

 
Figure	1. EPC equipment fault diagnosis information model 
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The real-time running characteristics of EPC network determine that the knowledge map needs 
to have the ability of dynamic updating to adapt to the continuous evolution of knowledge. This 
process needs to solve three core problems: knowledge change perception, incremental update 
implementation and conflict resolution, and form a closed-loop update mechanism. Normalized 
extraction can obtain a relatively complete tag sequence and improve the accuracy of entity 
recognition (as shown in Figure 1). 
Knowledge change perception depends on real-time monitoring of multi-source data. Through 
the data acquisition module deployed in the communication network management system, the 
equipment status message, service configuration instruction and fault alarm information are 
captured in real time. Different event types correspond to different update requirements, as 
shown in Table 2. When the event of "new equipment entering the network" is monitored, it is 
needed to extract attribute information such as equipment model and subnet, and supplement 
the entity and association; The "protocol upgrade" event requires updating the protocol version 
attributes and related interaction rules of the corresponding business system. 

 
Table	2. EPC Knowledge Update Triggers and Handling Methods 

Trigger Type Typical Scenario 
Knowledge Update 

Content Priority 

New Equipment 
Onboarding 

5G Base Station Connects 
to Power Comm Network 

Add equipment entity & 
connections 

High 

Service Adjustment 
Relay Protection 

Switches Load Paths 
Update service-link 

associations High 

Fault Recovery 
Fiber Restored After 

Interruption Update fault event status Medium 

Performance Tuning 
Adjust Transmission 

Device Power Threshold 
Update device attribute 

values Low 

Protocol Upgrade 
Dispatch Data Network 
Adopts New Protocol 

Update protocol entities 
& rules Medium 

 
Incremental update implementation adopts hierarchical processing strategy. For new entities 
and relationships, the lightweight extraction model is directly written into the atlas to avoid the 
efficiency loss caused by full reconstruction; For the change of attribute value, such as the 
adjustment of equipment operating temperature threshold, the version control mechanism is 
used to record the historical state to ensure traceability. Aiming at the common temporal 
knowledge in EPC, such as the fluctuation law of link load with time, a timeline marking method 
is designed to make the map not only reflect the current state, but also trace back the knowledge 
snapshot at a specific moment. 
Knowledge conflict resolution needs to combine domain rules and LLM reasoning. When the 
newly extracted knowledge is inconsistent with the existing information in the atlas, it is judged 
according to the pre-defined priority rules, such as the equipment nameplate information takes 
precedence over the log deduction result; When the rules can't be determined, LLM is called to 
make semantic analysis of the conflicting contents, and the confidence score is given by 
combining EPC principle, and the high confidence information is selected as the update basis. 
This mixed digestion method not only ensures the professional accuracy, but also improves the 
processing flexibility. 
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4. Algorithm	Model	and	Experimental	Verification	

4.1. Algorithm	Model	
In this article, a hybrid algorithm framework integrating LLM is designed for the construction 
and dynamic updating of EPC exclusive knowledge map. It covers three core modules: 
knowledge extraction, ontology alignment and dynamic updating. In the knowledge extraction, 
an entity and relationship extraction algorithm based on domain enhanced prompt learning is 
proposed. Based on pre-training LLM, this algorithm improves performance by constructing 
EPC domain prompt template library. The template library contains 8 types of sentence 
patterns such as equipment description, and each type of sentence pattern is embedded with 
30-50 typical examples extracted from industry standards and operation and maintenance 
manuals. The algorithm adopts a two-stage extraction strategy. In the first stage, the named 
entity identification submodel is used to identify core entities such as "optical transmission 
equipment" and "relay protection service", and the model output is constrained by introducing 
EPC terminology dictionary to calculate the entity boundary identification error: 

𝐸௕ ൌ ଵ

ே
∑ |ே

௜ୀଵ 𝐿௜
௣௥௘ௗ െ 𝐿௜

௧௥௨௘|                                                                 (1) 

Among them, 𝐸௕ is the average boundary error, 𝑁 is the total number of entities, and 𝐿௜
௣௥௘ௗ and 

𝐿௜
௧௥௨௘ are the predicted and real entity boundary character positions respectively. In the second 

stage, the relationship classification sub-model is used to predict the relationship category 
combined with the entity type information, and the domain relationship weight factor is added 
to the loss function: 

𝐿௥௘௟ ൌ െ ∑ 𝑤௜
ெ
௜ୀଵ ∙ 𝑦௜ logሺ 𝑝௜ሻ ൅ ሺ1 െ 𝑦௜ሻ logሺ 1 െ 𝑝௜ሻ                                        (2) 

In the equation, 𝑀 is the number of relationship categories, 𝑤௜ is the weight factor of the 𝑖-type 
relationship, 𝑦௜ is the label, and 𝑝௜ is the prediction probability, so as to improve the recognition 
ability of low-frequency relationships such as "protection switching" and "protocol adaptation". 
Ontology alignment module adopts a hybrid matching algorithm based on semantic similarity 
and rule reasoning. For entity alignment, the semantic vector similarity of entity names to be 
matched is calculated by BERT model: 

𝑆௦௘௠ሺ𝑒ଵ, 𝑒ଶሻ ൌ ௩ሬ⃗ ೐భ⋅௩ሬ⃗ ೐మ

||௩ሬ⃗ ೐భ||⋅||௩ሬ⃗ ೐మ||
                                                             (3) 

Among them, 𝑣⃗௘ଵ and 𝑣⃗௘ଶ are the semantic vectors of entities 𝑒ଵ and 𝑒ଶ, and then combined with 
attribute rules for secondary verification. For relationship alignment, the domain relationship 
mapping table is designed to map the relationships with different expressions in different data 
sources to the standard relationship types defined by ontology. The mapping rules are 
automatically generated through LLM for semantic parsing of relational contexts. 
The dynamic update module proposes an incremental update algorithm based on time 
sequence awareness. Real-time monitoring of knowledge changes in new data by sliding time 
window, and the window size is dynamically adjusted according to the data update frequency: 

𝑊௧ ൌ 𝛼 ∙ 𝑊௧ିଵ ൅ ሺ1 െ 𝛼ሻ ⋅ ଵ

௙೟
                                                                  (4) 

Where 𝑊௧  is the current window size, 𝑊௧ିଵ is the window size at the last moment, 𝛼 is the 
smoothing coefficient (take 0.7), and 𝑓௧ is the current data update frequency. 
For the detected new knowledge, the algorithm first compares the conflict detection submodel 
with the existing knowledge of the atlas. The conflict detection adopts the combination of triple 
hash index and semantic reasoning. The index is used to quickly locate different attributes of 
the same entity, and the reasoning is used to identify hidden conflicts. In the conflict resolution 
stage, a confidence assessment mechanism is introduced, and the reliability of data source, 
knowledge freshness and the reasoning result of LLM are comprehensively considered to 
calculate the confidence: 
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𝐶ሺ𝑘ሻ ൌ 𝛽 ∙ 𝐶௦ሺ𝑘ሻ ൅ ሺ1 െ 𝛽ሻ ∙ 𝐶୲ሺ𝑘ሻ ∙ 𝐶௟௟௠ሺ𝑘ሻ                                              (5) 
Where 𝐶ሺ𝑘ሻ is the comprehensive confidence of knowledge 𝑘, 𝐶௦ሺ𝑘ሻ is the reliability of data 
source (0-1), 𝐶௧ሺ𝑘ሻ is the time decay factor, 𝐶௟௟௠ሺ𝑘ሻ is the LLM reasoning confidence (0-1), and 
it is the weight coefficient (0.4), so as to automatically select the optimal updating scheme. 
The algorithm also designs a knowledge attenuation mechanism to mark or delete the dynamic 
knowledge beyond the preset time limit to ensure the timeliness and simplicity of the atlas. 

4.2. Experimental	Verification	
The experiment is based on the actual operation and maintenance data of the communication 
network of a provincial power company. The data set includes equipment account 
(5000+pieces), fault handling report (3000+pieces), communication network topology map 
(200+pieces) and real-time alarm data (100,000+pieces). The data covers the optical 
transmission network, dispatching data network and other core systems of 220kV and above 
substations. The experimental environment is Intel Xeon Gold 6330 processor and 128GB 
memory server. The software adopts PyTorch framework, and LLM adopts LLaMA-7B model 
which has been fine-tuned by EPC corpus. The experiment evaluates the knowledge map from 
three dimensions: construction accuracy, dynamic updating efficiency and conflict resolution 
effect. 

 
Figure	2. Knowledge extraction performance of different models 

 
In the aspect of knowledge extraction performance, this algorithm is compared with the 
traditional BiLSTM-CRF model and general LLM (without domain fine-tuning). The assessment 
indexes include entity recognition accuracy, recall and F1 value, and the relationship extraction 
adopts the same index. The experimental results are shown in Figure 2. The F1 value of the 
entity recognition of this algorithm reaches 92.3%, which is 13.7% higher than that of BiLSTM-
CRF (78.6%) and 7.2% higher than that of general LLM(85.1%). The F1 value of relation 
extraction is 89.7%, which is 15.2% and 6.5% higher than that of contrast model. Especially in 
the low-frequency professional relationships such as "protection switching" and "protocol 
adaptation", the advantages of this algorithm are more obvious, and the F1 value reaches 87.5% 
and 86.3% respectively, which is due to the joint action of domain prompt template and 
terminology dictionary. 
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Figure	3. Accuracy of ontology alignment using different methods 

The effect of ontology alignment is evaluated by entity matching accuracy and relationship 
mapping accuracy. In the experiment, 1000 pairs of entity pairs and relationship pairs from 
different data sources were manually labeled as a test set. The accuracy of entity matching and 
relationship mapping of this algorithm is 94.6% and 91.2%, as shown in Figure 3. In the 
comparative experiment, the accuracy of entity matching by only using semantic similarity is 
82.3%, and that by using rule-based reasoning is 88.5%, which shows that the hybrid algorithm 
in this article can effectively combine semantic information with domain rules and reduce the 
influence of the phenomenon of "synonyms with different names" and "synonyms with 
different names". 
 

 
Figure	4.	Time-consuming comparison of different updating methods 
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The dynamic update efficiency test simulates 1000 knowledge update scenarios and records 
the average update time under different data volumes. Results As shown in Figure 4, when the 
data volume of a single update is increased from 10 to 1000, the average time consumption of 
the algorithm in this article is increased from 0.8 seconds to 12.5 seconds, while the time 
consumption of the full update method is increased from 5.2 seconds to 89.3 seconds. In the 
aspect of update delay, the processing delay of emergency alarm information in this algorithm 
is controlled within 1.5 seconds, which meets the real-time requirements of EPC. 
 

 
Figure	5.	Relationship between conflict handling accuracy and conflict types 

 
The effect of conflict resolution is evaluated by conflict handling accuracy and user satisfaction. 
The experiment builds a test set containing 500 conflict cases, and the accuracy of conflict 
handling of this algorithm is about 90.3%, as shown in Figure 5. Among them, for high-priority 
conflicts, the processing accuracy is 96.7%. 100 conflict cases processed by the algorithm are 
randomly selected for expert review, and the results show that the conflict resolution results of 
the algorithm conform to the professional judgment logic in EPC field. 
The comprehensive experimental results show that the algorithm model proposed in this 
article is excellent in the construction accuracy, dynamic updating efficiency and conflict 
resolution ability of EPC knowledge map, and can meet the actual needs of EPC network 
knowledge management. 

5. Conclusion	

In this article, the construction and dynamic update of EPC-specific LLM knowledge map are 
studied, and a complete technical scheme is formed and its effectiveness is verified by 
experiments. In the construction of knowledge map, the proposed domain-enhanced cue 
learning algorithm significantly improves the extraction accuracy of professional entities and 
relationships, with the F1 value of entity recognition reaching 92.3% and the F1 value of 
relationship extraction 89.7%, which has obvious advantages over traditional methods and 
general models. The hybrid matching strategy adopted in ontology alignment improves the 
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accuracy of entity matching to 94.6% and the accuracy of relationship mapping to 91.2%, 
effectively eliminating the semantic differences in multi-source data. 
The results of dynamic updating technology show that the incremental updating framework of 
time sequence awareness can deal with knowledge evolution efficiently. It takes only 12.5 
seconds in the updating scene of 1000 pieces of data, which is nearly 7 times more efficient than 
the full updating method, and the delay of emergency information processing is controlled 
within 1.5 seconds, which meets the real-time requirements of EPC. The conflict resolution 
mechanism passed the multi-dimensional confidence assessment, and the processing accuracy 
reached 90.3%, and the processing accuracy of high-priority conflicts was as high as 96.7%, 
which ensured the consistency of the map. 
The research results of this article provide a feasible path for the structured management and 
dynamic maintenance of knowledge in EPC field, and the constructed knowledge map can 
support practical applications such as equipment condition monitoring and fault diagnosis. 
Subsequent research can further optimize LLM's domain fine-tuning strategy, improve the 
robustness of knowledge extraction in extreme scenarios, and explore the integrated 
application of knowledge map and digital twinning technology. 
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