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Abstract: The continuous evolution of media technologies drives the transformation of laboratories in
the discipline of journalism and communication from traditional equipment-replication venues toward
computational media systems. This study focuses on the path design for laboratory construction and
the generation mechanism of innovative models, and it systematically discusses three dimensions:
paradigm shift, technical architecture, and evolutionary logic. First, the study analyzes the
displacement logic of laboratory construction goals under the iterative development of media
technologies, the functional repositioning from teaching verification to knowledge production, and the
expansion path of capability dimensions in the cross-media integration environment. Second, the study
proposes a heterogeneous integration scheme that includes the collaborative allocation of distributed
computing and edge node resources, a perception-interaction hierarchical model for virtualized
simulation environments, and a multimodal content processing engine, thereby constructing a technical
architecture based on modular design and intelligent embedding. Finally, drawing on niche theory, the
study explains the collaborative symbiotic generation logic, and it reveals the systematic generation
characteristics of innovative models by combining an agile response mechanism with self-organizing
evolution rules under an open architecture. This research provides a theoretical framework and
technical reference for developing autonomous evolutionary capabilities of laboratories in the
discipline of journalism and communication.
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Introduction

As the core carrier for media technology research and communication phenomenon simulation, the
Journalism and Communication Discipline Laboratory's construction paths and operation models
directly determine the efficiency of updating the discipline's knowledge production methods. Currently,
the widespread penetration of technologies such as algorithmic recommendation, generative content
production, extended reality, and multimodal integration has caused the traditional laboratory structure,
which mainly consists of analog broadcasting systems and linear editing workstations, to exhibit
limitations of functional rigidity and response lag. If the laboratory continues to follow the construction
logic oriented toward historical industry standards, it will struggle to capture the emerging nonlinear
variables and cross-media coordination demands within the communication system. Therefore,
re-examining the laboratory's functional positioning, technical architecture, and evolutionary
mechanisms is both necessary and urgent. The significance of this study lies in its systematic
perspective, which breaks through the equipment-list-based construction mindset and proposes a new
laboratory model characterized by dynamic adaptation and self-organization. By analyzing the
direction of paradigm shift, the construction logic of modular intelligent technical architecture, and the
generation and evolution rules of innovative models, this study provides theoretical support for the
Journalism and Communication Discipline Laboratory's transition from passively adapting to external
technological changes toward autonomously evolving driven by internal niches.



1. Paradigm Shift and Functional Reconstruction of the Journalism and Communication
Discipline Laboratory

1.1 The Displacement Logic of Laboratory Construction Goals under the Iteration of Media
Technologies

The evolution of media technologies from single-point linear communication to real-time
interaction, intelligent distribution, and immersive experience exerts a structural impact on the
construction goals of the journalism and communication discipline laboratory. Traditional laboratory
construction mainly revolves around analog radio and television broadcasting systems, linear editing
workstations, and basic photography equipment, and its goal is positioned at the reproduction and
operational training of established communication processes. However, the integration of technologies
such as algorithmic recommendation, generative content production, and extended reality significantly
increases the complexity of the communication system, and the laboratory needs to shift its task from
simulating fixed processes to modeling variable communication environments. This change requires
the construction goal of the laboratory to shift from pursuing equipment integrity to pursuing system
adaptability. That is, the laboratory no longer takes the replication of the technical configuration of a
certain type of media institution as its end point, but instead takes the capture of new parameters
emerging from the iteration of media technologies as its starting point.

The displacement logic manifests as a reorientation at three levels: first, the time scale of the
construction goal shifts from being oriented toward current industry standards to a pre-adaptive
capacity for next-generation communication forms; second, the core indicator for evaluating the
achievement of the goal shifts from equipment coverage to the algorithmic approximation between the
simulation environment and the real communication system; third, the discourse system for goal setting
shifts from "matching device functions" to "the ability to control and intervene in communication
variables." Thus, the iteration of media technologies does not merely change the material composition
of the laboratory; it also reshapes the internal reference framework of the laboratory's construction
goals, turning it into a dynamically adjusted goal-generation mechanism based on technological
anticipation rather than historical experience[1].

1.2 Functional Redefinition of the Laboratory from Teaching Verification to Knowledge Production

The teaching-verification laboratory takes the reproduction of results under preset rules as its basic
function, and its operational logic is to input standard operating procedures and check whether the
output meets expectations. In the discipline of journalism and communication, this function once
served the simplified simulation of communication effects, audience feedback mechanisms, and media
production processes. However, the algorithmization and dataization of media technologies endow the
communication system with nonlinear emergent characteristics, and preset rules can hardly cover the
combinations of variables in real communication processes. If the laboratory's function remains limited
to teaching verification, it will fail to explain the low-reproducibility phenomena in the communication
system, nor will it provide new explanatory frameworks for the discipline's knowledge system.
Therefore, the laboratory function needs to be repositioned toward knowledge production, transforming
itself from a venue for verifying known conclusions into a system that generates new propositions, new
models, and new relationships.

The functional redefinition of the knowledge-production-oriented laboratory includes three
interrelated transformations: first, the input condition shifts from standardized teaching instructions to
configurable combinations of experimental variables, thereby allowing researchers to autonomously set
communication parameters and observe the system's self-organizing behavior; second, the operational
logic shifts from result reproduction to a cycle of hypothesis generation and testing, so the laboratory
no longer presumes a correct output but instead reveals potential correlations among variables through
multiple runs; third, the output form shifts from operational scores or equipment usage records to
datasets, algorithm scripts, or communication models that can be tested by the academic community.
This redefinition makes the laboratory an active contributor to the growth of disciplinary knowledge
rather than a passive exhibitor of existing knowledge.

1.3 The Expansion Path of Laboratory Capability Dimensions in the Cross-Media Integration
Environment

The cross-media integration environment dissolves the boundaries between traditional media forms,



and the same communication event can undergo multimodal translation and coordinated distribution
across text, images, audio, video, interactive interfaces, and even virtual spaces. This environment
places demands on the journalism and communication discipline laboratory to expand its capability
dimensions beyond the management of single-media workflows. The laboratory needs to
simultaneously handle tasks such as signal acquisition from different modalities, codec conversion,
content alignment, and cross-modal retrieval. The traditional laboratory structure, which is partitioned
by media type, reveals problems of rigid division of labor and data silos in the integration environment.
The expansion of capability dimensions first manifests as a shift at the perception layer from a single
modality to multimodal joint perception, and the laboratory needs to be equipped with heterogeneous
sensor arrays capable of synchronously acquiring visual, auditory, tactile, positional, and biological
signals[2].

The expansion path further points to the collaborative reconstruction of the processing layer and the
output layer. At the processing level, the laboratory needs to introduce computational units required for
cross-modal representation learning, thereby supporting joint feature extraction and alignment
modeling of text, image, and audio data, so that information from different media forms can be
compared and operated within a unified semantic space. At the output level, the expansion of capability
dimensions manifests as a transition from single-channel presentation to multi-terminal adaptive
distribution, and the content generated by the laboratory needs to automatically adjust encoding
parameters and interaction modes according to terminal types and user contexts. At the same time, the
laboratory also needs to construct an evaluation system for capability dimensions, measuring the
effectiveness of expansion by indicators such as the depth of multimodal fusion, the recall rate of
cross-modal retrieval, and the latency of adaptive distribution, thereby forming a complete closed loop
of capabilities from perception acquisition to intelligent distribution.

2. Modular Design and Intelligent Embedding of Laboratory Technical Architecture

2.1 Collaborative Resource Allocation of Distributed Computing and Edge Nodes

The types of data processed by the journalism and communication discipline laboratory include
high-bitrate video, multi-channel audio, real-time sensor array signals, and large-scale text corpora. A
single centralized computing architecture can hardly satisfy the contradictory demands of low-latency
transmission and high-throughput processing. The distributed computing framework decomposes
computing tasks into parallel subtasks and assigns them to multiple physical or virtual nodes, thereby
alleviating the bandwidth bottleneck and computational power dissipation of the central server. In the
laboratory technical architecture, distributed computing needs to form a collaborative allocation
mechanism with edge nodes, offloading data preprocessing, feature extraction, and real-time response
tasks to the edge close to the data source, thus reducing the load on core computing units and
decreasing cross-network transmission latency[3].

The core of collaborative resource allocation lies in establishing a scheduling logic for dynamic task
distribution, which performs task segmentation based on the timeliness requirements of data streams,
computational complexity, and the real-time computational capacity surplus of nodes.
Low-latency-tolerant tasks such as offline analysis and model training can be scheduled to the central
computing cluster for large-scale matrix operations; interactive perception signal processing that
requires millisecond-level response is independently completed by edge nodes. The distributed file
system and message queue mechanism ensure state synchronization and task consistency among nodes,
thereby enabling the laboratory to maintain scalability and fault tolerance under high-concurrency
conditions. This collaborative configuration frees computing resources from being constrained by a
fixed physical topology, thus forming a computing power network that elastically scales according to
experimental demands.

2.2 The Perception-Interaction Hierarchical Model for Virtualized Simulation Environments

The virtualized simulation environment digitally reconstructs physical spaces, media interfaces, and
user behaviors in communication scenarios, thereby providing a controllable and repeatable
experimental field for the journalism and communication discipline. The perception-interaction
hierarchical model aims to define the relationships between perception channels and interaction rules at
different levels of abstraction within the simulation environment, so as to support experimental designs
ranging from basic interface operations to complex multimodal information exchange. This model is



divided into three layers from bottom to top: the bottom layer, the signal perception layer, captures raw
inputs such as gaze trajectories, touch pressure distributions, body postures, and voice commands, and
it converts them into discrete interaction events; the middle layer, the semantic mapping layer,
interprets these events as state-change instructions for virtual objects; the top layer, the intention
inference layer, predicts the goals of communication behavior based on the temporal characteristics of
interaction sequences, thereby actively adjusting the response strategy of the simulation environment.

Each layer communicates with neighboring layers through well-defined interface protocols: the
lower layer provides data or event sequences to the upper layer, and the upper layer feeds back
perception parameter adjustment instructions to the lower layer. This hierarchical design avoids the
disorderly coupling of perception and interaction functions, thereby enabling the laboratory to
selectively enable or disable specific layers for different research problems. When studying the
usability of media interfaces, researchers can activate only the signal perception layer and the semantic
mapping layer; when studying intention-driven content generation, they need to enable the complete
hierarchical model. Through this model, the virtualized simulation environment achieves a configurable
balance between perception granularity and interaction complexity, providing a unified technical
foundation for the journalism and communication discipline ranging from micro-level behavior
analysis to macro-level communication process simulation[4].

2.3 Heterogeneous Integration Scheme for the Multimodal Content Processing Engine

The multimodal content processing engine serves as the computing core for supporting cross-media
content production and analysis in the laboratory, and its functional requirements cover the parallel
encoding, feature alignment, and joint generation of multiple types of information, including text,
images, audio, video, and three-dimensional geometric data. The heterogeneous integration scheme
coordinates the scheduling of processing units of different computing architectures—including central
processing units, graphics processing units, tensor processing units, and field-programmable gate arrays
— under a unified software abstraction layer, thereby matching the computational characteristics of
different modal processing tasks. Text and sequential data processing adapts to the branch prediction
and cache structure of central processing units; image and video convolution operations adapt to the
parallel streaming architecture of graphics processing units; Transformer self-attention computations
adapt to the systolic array of tensor processing units; and real-time signal filtering and encoding parsing
can adopt field-programmable gate arrays to achieve low-latency hardware acceleration.

The technical implementation of the heterogeneous integration scheme relies on a unified
computation graph abstraction and an automatic operator allocation mechanism. After receiving
multimodal inputs, the engine compiles the processing workflow into a directed acyclic computation
graph, in which each operator carries computational characteristic tags and data dependency
relationships. The scheduler dynamically selects the optimal execution device for each operator based
on the real-time occupancy rate and historical computational efficiency of each processor unit, and it
establishes efficient data transfer channels between devices, thereby avoiding throughput degradation
caused by frequent main memory and video memory copying. This scheme also supports model
pruning and quantization-aware training, so that the compressed multimodal model maintains
acceptable inference accuracy on resource-constrained edge devices. Through heterogeneous
integration, the multimodal content processing engine achieves concurrent execution of text generation,
image synthesis, and audio rendering at a relatively low total computational cost, thereby meeting the
composite experimental requirements in the cross-media integration environment.

3. The Systematic Generation and Evolution Mechanism of Innovative Models

3.1 The Collaborative Symbiotic Generation Logic Based on Niche Theory

Niche theory focuses on the position of actors in resource space and their functional differentiation
relationships. Introducing this theory into the study of innovative models for the journalism and
communication discipline laboratory means that the laboratory is no longer regarded as an isolated
collection of equipment, but rather as a node embedded in a resource network composed of hardware
suppliers, software developers, data service providers, and interdisciplinary teams. The core of the
collaborative symbiotic generation logic lies in the laboratory actively identifying and filling its own
niche vacancy in the resource network, thereby obtaining an irreplaceable value of existence. This
generation process is not the result of a top-down design; rather, it is a structural characteristic that



gradually emerges during the laboratory's continuous exchange of matter, energy, and information with
the external environment[5].

Achieving collaborative symbiosis requires the laboratory to possess both resource absorption and
resource spillover capabilities. The absorption capability manifests as the rapid integration and
internalization of cutting-edge media technology components, including the access to new sensors, the
localized deployment of open-source algorithm libraries, and the rental and scheduling of cloud
computing resources; the spillover capability is reflected in the open sharing of the laboratory's outputs
—such as datasets, preprocessing tools, simulation scenario templates, and experimental protocols—
with external collaborators. When absorption and spillover form a closed loop, the laboratory no longer
belongs to a certain hierarchical structure or a single disciplinary boundary, but instead grows into a
functional hub within the resource network. This niche-oriented generation logic frees the innovation
model from prescriptiveness and subjectivity, and instead emphasizes that innovation is a structural
solution spontaneously precipitated through multiple rounds of adaptive interaction between the
laboratory and the external environment.

3.2 The Agile-Responsive Dynamic Adaptive Iteration Path

The laboratory's external technical environment and internal research needs both exhibit
characteristics of high-frequency change, and the linear upgrade path with fixed cycles struggles to
match this speed of change. The dynamic adaptive iteration path aims to establish an evolutionary
approach that makes nonlinear adjustments based on the intensity and direction of change signals. This
path regards the laboratory's capability state as a set of quantifiable and composable functional modules,
with each module corresponding to a specific type of data processing task or experimental operation
procedure. When new media technology standards emerge or internal research proposes new variable
control requirements, the laboratory does not replace the overall architecture but instead implements
targeted replacement, parameter calibration, or interface redefinition for the relevant functional
modules.

The specific mechanism of dynamic adaptation consists of three steps: perception, judgment, and
response. In the perception step, the laboratory collects indicators such as task execution latency,
resource occupancy rate, and task failure rate in real time through state monitoring agents deployed on
computing nodes and sensor endpoints. In the judgment step, the laboratory compares these indicators
with preset threshold intervals to identify specific modules that exhibit performance degradation or
capability deficiency. In the response step, the laboratory triggers the reconfiguration process of the
modules, which involves online updates of algorithm models, dynamic scheduling of computing
resources, or redundant switching of data transmission paths. The entire iteration process operates in an
unsupervised or semi-supervised manner, thereby reducing the frequency of human intervention and
subjective bias. Through such a high-frequency, fine-grained iteration path, the laboratory achieves
follow-up adaptation to the continuous evolution of media technologies while maintaining the overall
stability of the system.

3.3 The Platform-Based Self-Organizing Evolution Rules under an Open Architecture

The open architecture provides the laboratory with a technical foundation that allows third-party
components to dynamically join and exit, and the platform-based self-organizing evolution rules define
the order and boundary conditions for such dynamic joining and exiting. The core assumption of
self-organizing evolution is that, in the absence of a central control node, the laboratory's capability
structure can spontaneously tend toward order and efficiency through the interaction rules among local
components. This rule system covers the mechanism for component registration and discovery, the
rules for resource allocation and competition regulation, and the rules for isolating and eliminating
failed modules. Each functional module that accesses the platform must publish a standardized
interface description and a dependency declaration, and the platform maintains a global service
directory for query and invocation. When multiple modules contend for the same computing resource,
the platform allocates quotas based on task priority, historical reliability, and expected benefit. For
modules that experience response timeout, exceed the error rate threshold, or have not been invoked for
a long time, the platform automatically removes or archives them[6].

The evolution rules also include a monitoring and feedback loop for emergent behaviors. The
laboratory platform periodically performs topological analysis on the functional distribution,
connection density, and response efficiency of the entire system, thereby identifying key module



clusters with high invocation frequency and isolated nodes with low redundancy. Based on the analysis
results, the platform can trigger module merging, splitting, or the generation of new interfaces, so that
the overall structure tends toward an optimization of functional aggregation degree without relying on
external instructions. This self-organizing evolution enables the journalism and communication
discipline laboratory to no longer be a static technical apparatus, but rather a computational media
system with endogenous renewal capability, and the sustainability of its innovative model originates
from the rules themselves rather than from the advancement of individual components.

Conclusion

This study systematically constructs the path framework for laboratory construction in the
discipline of journalism and communication and the generation mechanism of innovative models. It
clarifies the goal displacement, functional repositioning, and capability expansion logic in the paradigm
shift. It designs a modular technical architecture that includes distributed edge collaboration, a
virtualized perception-interaction hierarchy, and multimodal heterogeneous integration. It also explains
the collaborative symbiotic generation logic based on niche theory, the agile iteration path, and the
platform-based self-organizing evolution rules. The study points out that the essence of the laboratory
is transforming from a static technical apparatus into a computational media system with endogenous
renewal capability. Future directions may focus on improving the human-machine collaborative
intelligence level of the laboratory, deepening the interdisciplinary resource network integration, and
optimizing the adaptive parameters of evolution rules, thereby further exploring the autonomous
generation boundaries and regulatory thresholds of the laboratory as a node for media knowledge
production.
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