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Abstract : As the starting point of training artificial intelligence models, the efficiency and quality of data
annotation directly determine the upper limit of algorithm capabilities. Pure manual annotation methods
have pain points such as high cost, difficulty in scaling up, and unstable quality, which have become
the "annotation bottleneck" restricting the development of Al. This paper will systematically introduce
the development process of artificial intelligence empowering data annotation and put forward a core
proposition: the application of Al in the field of data annotation is evolving from "auxiliary" to "leading
role". First, analyze the predicament of balancing cost, quality and scale in traditional annotation
methods; Secondly, analyze the Al-assisted annotation paradigm represented by Active Learning,
and analyze its effect and the inherent predicament of the "paradox of active learning". Then, focus
on analyzing the new paradigms represented by LLM and visual-based models, and examine how
they reshape the annotation workflow through capabilities such as zero-shot or few-shot, as well
as the existence of new issues such as the "generation—specialization gap"; Finally, issues such as
algorithmic bias and model reliability under the new paradigm are analyzed, and the new paradigm of
human-machine collaboration is prospected. We believe that the core of future data annotation lies in
building a powerful ecosystem of human—-machine collaboration. In a large system, the basic model
will perform large—scale work, while human experts will carry out higher—level supervision, governance
and alignment.

Keywords : data annotation; artificial intelligence; active learning; basic model; large-scale language
model; human-machine collaboration
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