
Artificial intelligence (AI) has significantly advanced decision support systems (DSS), enabling organizations to process 
complex data and make informed decisions efficiently. As the volume and complexity of data continue to grow, the need for 
intelligent, adaptive, and explainable DSS becomes increasingly critical. In this brief analytical overview of the evolution of 
artificial intelligence (AI) in decision support systems, we trace foundational models, key divergences in methodology, and the 
integration of these approaches in contemporary platforms. Through this historical context, we seek to inform practitioners 
about conceptual and practical advancements in the field.

The evolution of AI in DSS began with foundational models like Selfridge’s Pandemonium, which introduced hierarchical pattern 
recognition, influencing the development of perceptrons and artificial neural networks. These early models laid the groundwork 
for modern machine learning, especially deep learning systems, where hierarchical layers of artificial neurons extract 
increasingly abstract features from raw data, enabling sophisticated pattern recognition and decision-making capabilities.

AI approaches diverged into two main paths: expert-based systems and machine learning. Expert systems use codified 
knowledge and a rule-based inference engine for transparent, explainable decision-making. The inference engine responds 
to user queries by executing a set of rules. Generally, these systems are passive decision support systems in that their 
outputs are typically responses to queries. To improve traceability, some of these systems are enhanced with explanation 
facilities to support explainability.

In contrast, the rise of machine learning systems — particularly deep neural networks and support vector machines — has 
introduced powerful but less explainable forms of decision support. These systems excel in handling high-dimensional data 
and uncovering complex relationships but often lack transparent mechanisms for explaining their decisions. The divergence 
between expert-based and machine learning-based approaches has led to ongoing debates regarding the trade-offs 
between accuracy, scalability, and explainability in AI-enabled DSS.

Classification-based decision systems include tree-based machine learning models that have varying degrees of 
transparency. Decision trees, which evolved from statistical (regression) methods, resemble flowcharts that visualize 
potential outcomes using a hierarchical structure consisting of branches that represent individual decisions, which are 
straightforward to interpret. Random Forests provide an ensemble that aggregates hundreds or thousands of decision 
trees by independently averaging their predictions. This yields higher predictive accuracy while reducing transparency 
(explainability). Tools have been developed using game theory concepts to make these ML models more transparent, 
showing how much each feature contributes to the model’s prediction. With these enhancements, ML approaches occupy a 
middle ground between the “black box” neural network models and highly transparent, explainable expert systems models. 

David Luckham’s work on Complex Event Processing (CEP) extended the principles of expert systems by providing 
architectures for detecting and responding to patterns of events in real time. CEP systems utilize hierarchical rule sets to 
process streams of data, identify significant event patterns, and trigger actions based on predefined logic. This approach 
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reflects the influence of both expert-based decision-making to emphasize interpretability and control over the reasoning 
process and hierarchical pattern processing to enhance real-time processing. This unique implementation of pattern-based, 
event-driven decision support produces a hierarchy of events, consistent with the experts’ knowledge, that provides more 
understandable and explainable outputs. 

The concept of Man-Machine Symbiosis, introduced in 1960 by Licklider, envisioned 
collaborative human-computer problem-solving. More recently, Gartner popularized 
the concept of a Decision Intelligence Platform (DIP), which enhances decision-
making by integrating data, analytics, knowledge, and AI techniques. These 
platforms bridge the gap between insight and action, blending explainable AI with 
scalable automation. The core attributes of a DIP include collaborative capabilities 
for decision modeling, execution, and monitoring. DIPs enable organizations to 
explicitly model decisions, orchestrate decision execution flows, and evaluate, 
govern, and audit decision outcomes. While full automation applies when the risks 
are acceptable and decisions are not too complex, human-in-the-loop decision 
styles are required for the most complex, high risk/high consequence decisions. 
Exploiting strengths of both expert systems and ML approaches, these platforms 
are further enhanced by generative AI, such as large language models, which 
support clear, context-aware explanations that foster user trust. 

Cogility’s Cogynt Decision Intelligence Platform exemplifies the 
integration of historical AI concepts in a modern DSS. Its Hierarchical 
Complex Event Processing (HCEP) architecture represents a synthesis 
of historical AI approaches in modern DSS. Cogynt is a DIP that delivers 
continuous decision intelligence for analysts, data scientists, and decision 
makers. The platform integrates event stream processing, advanced 
analytics, investigative analysis tools, case management and a Business 
Intelligence (BI) dashboard into a single unified platform solution. As an 
expert AI DIP, Cogynt is most appropriate as a decision augmentation or 
decision support platform for high-risk/high-consequence decisions such 
as national security, business and financial operations, and healthcare, 
among others. 

Cogynt’s HCEP engine is a real-time behavioral analytic with an integrated AI-plus-expert systems architecture, leveraging 
hierarchical rule sets and connectionist pattern detection mechanisms that are reminiscent of Pandemonium and CEP. This 
enables the platform to process and interpret complex event streams in real time. The model building process defines event 
patterns from the top-down. Once the model has been established and data are ingested into the platform, data and associated 
events continuously flow into the HCEP analytic engine, which analyzes the observables in the input data from the bottom up to 
recognize events and event patterns. The HCEP analysis follows the principles of CEP, where an event pattern, if fully matched, 
creates a new complex event that can trigger a higher-level event pattern. This process continues, propagating the model 
computations up the hierarchy, until it satisfies the full behavioral profile that delivers “actionable intelligence.” 

In contrast to conventional AI rule-based or machine learning approaches with inferences that are limited to the scope of data 
upon which the models were trained, the pattern-based HCEP models are (a) transparent since they are created and subject 
to audit by domain experts and (b) potentially able to make more generalized inferences and conclusions, enabled through 
the propagation of inferences at increasing levels of abstraction. Cogynt continuously tracks the state of event patterns over 
time; this stateful capability reveals trends or changes in event patterns and enables analysts to identify emerging trends 
and risks. By integrating both expert-based CEP and AI components (including LLM techniques to provide explanations of 
output), Cogynt supports explainable decision-making while maintaining scalability and adaptability. This enhances situation 
awareness and improves the analyst’s ability to anticipate and predict future risks, 
allowing for implementation of early mitigation strategies.

The evolution of AI in DSS reflects a balance between innovation and 
interpretability. Cogility’s Cogynt decision intelligence platform meets critical 
current and future high-complexity/high-risk decision making challenges with the 
most sophisticated, transparent and scalable trusted AI solution available today. 
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AI’s evolution in decision support systems (DSS) begins with Vannevar Bush’s 1945 vision of interconnected knowledge, which inspired semantic networks and 
early expert systems. In the 1960s, Selfridge’s Pandemonium and Rosenblatt’s Perceptrons laid the groundwork for neural networks and modern deep learning, 
while parallel rule-based expert systems emphasized transparent, explainable reasoning, later extended by David Luckham’s Complex Event Processing for real-
time, hierarchical decision logic. J.C.R. Licklider’s concept of man–machine symbiosis framed these advances as collaborative human–computer problem solving, 
a theme continued in adaptive, context-aware systems. More recently, Decision Intelligence Platforms have integrated data, analytics, and explainable AI across 
decision lifecycles, with generative AI and large language models adding conversational explanation. Cogility’s Cogynt™ platform reflects this convergence, combining 
hierarchical event processing, analytics, and generative AI to deliver real-time, explainable decision intelligence for modern, national-security-scale challenges.


