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Thinking Fast and Slow, or System 1 and System 2

● System 1 can perform cognitively easy tasks
○ Local and parallel 
○ Handles and exploits causality to build approximate models of the world

● System 2 handles more complex tasks
○ Requires all our attention 
○ Global and sequential

● System 2’s search for solutions is usually supported by System 1’s heuristics
● Skill learning: some tasks transfer from System 2 to System 1 over time

○ Not all (ex.: complex arithmetic operations)
● Cognitive control

○ System 1 reacts, System 2 may override it
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Meta-cognition in AI
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To monitor and control:
• cognitive activities
• processes
• structures

The Role

To improve the System’s decisions quality

Main Goal

• Centralized meta-cognitive agent
• Exploiting both internal and external information
• Arbitrates between System 1 and System 2 solvers

Our Choice



What is SOFAI? A Neurosymbolic Approach
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● SOFAI (Slow and Fast AI) is a neurosymbolic architecture combining 
learning-based and symbolic solvers.

● Inspired by Kahneman’s Thinking Fast & Slow, it integrates System 1 (fast, 
heuristic-based) and System 2 (slow, deliberative reasoning) for solving 
CSPs.

● Why SOFAI for Graph Coloring?
○ Traditional methods are either too slow (symbolic) or inaccurate (neural).
○ SOFAI dynamically decides when to use fast neural inference or slow symbolic search.



SOFAI Evolution
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SOFAI - v1
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● New problem instance 
goes to S1 solver, 
which provides a 
candidate solution. 

● MC evaluates the 
S1’s candidate 
solution: if not 
acceptable, calls an 
S2 solver

S1 solution evaluation

S1/S2 assessment 
and choice

S1 solver

S2 solver

Return S1 solution

Problem 

instance

yes
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S2

S1

S1 sol
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Real-time MC

Fabiano, F., Pallagani, V., Ganapini, M.B., Horesh, L., Loreggia, A., Murugesan, K., Rossi, F. and Srivastava, B., 2023, December. Plan-SOFAI: A neuro-symbolic 
planning architecture. In Neuro-Symbolic Learning and Reasoning in the era of Large Language Models.



Generalizable SOFAI Architecture (SOFAI v2)
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● Added Episodic memory, 
which holds past 
experience.

● S1 solver is used more 
than once by MC:

○ Mistakes in the candidate 
solution are provided as 
feedbacks. 

○ Simpler examples are 
provided using S2.

● On exhausting the limit on 
number of calls for S1 or 
no improvement over past 
few calls, S2 is involved.



Experimental Setup
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Graph Coloring Problem
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● Objective: Given a graph and number of colors (n), find a 
coloring of the nodes (if exists) such that no two adjacent nodes 
are colored with the same color using at most n colors.

● Graphs are generated using the Erdős–Rényi model to generate 
graphs with nodes (5-50), and with edge probability ([0.1-0.9]) in 
DIMACS format.

○ Chromatic Number (n): minimum number of colors required to solve the 
problem.

● Chromatic Number is computed using DSATUR Algorithm
● Solvability mix (m):

○ (100%, 0%) set: all graphs where the allowed colors ≥ n (fully solvable). 
○ (0%, 100%) set: all graphs where allowed colors < n (unsolvable). 
○ (50%, 50%) set: half are solvable, half unsolvable.



Solvers
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● Baseline solvers:
○ System 1 (S1) : LLM (Mistral‑7B) to quickly propose a color assignment.
○ System 2 (S2) : Degree of Saturation (DSATUR) with backtracking.

■ Finds a valid assignment or proves none exists. 
■ Guarantees correctness by systematically exploring color choices (hence “slow”).

○ SOFAI-v1: Initial SOFAI architecture, which invokes S2 if the candidate solution from S1 is 
incorrect. 

● SOFAI-v2: Iteratively refines S1 attempts (via feedback and examples). 
○ S1 solver: LLM (Mistral - 7B) with episodic memory.
○ S2 solver: DSATUR with backtracking.
○ If repeated tries fail, calls S2 as a fallback.

● Each solver has a time limit of 200 seconds to solve any given problem.
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Example Targeted 
Feedback & Examples



Results
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RQ1: Improvement in Success Rate
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● SOFAI-v2 significantly outperforms other solvers in mixed and unsolvable cases, 
achieving up to 53.85% success rate in large unsolvable graphs where others fail. 

● For smaller graphs, all solvers perform well, but SOFAI-v2 shows improvement in 
handling problems of higher complexity. 



RQ2: Improvement in Time Efficiency
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● SOFAI-v2 reduces time complexity compared to pure symbolic solvers, especially for 
unsolvable cases where S2 alone reaches its 200s timeout. 

● For smaller graphs, all solvers perform efficiently, but as graph size increases, SOFAI-v2 
remains significantly faster than S2 and SOFAI-v1 while maintaining correctness. 

● SOFAI-v2 efficiently balances speed and accuracy, leveraging S1’s speed while ensuring 
constraint adherence through iterative refinement before invoking S2.



RQ2: Improvement with Iterative calling
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● Iterative calling via metacognitive governance improves S1's success rate across all problem 
configurations, demonstrating that guided refinement leads to more correct solutions. 

● As the number of metacognitive iterations (MC-S1-I1 to MC-S1-I5) increases, S1’s performance 
improves, especially in unsolvable and mixed cases, reducing reliance on S2. 

● SOFAI-v2 consistently outperforms standalone S1 and earlier feedback mechanisms, confirming 
that metacognitive governance enhances problem-solving efficiency and accuracy.



Future Work
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● Extend SOFAI-v2 to other CSPs like SAT solving and planning to assess its 
generalizability. 

● Optimize the metacognitive module with reinforcement learning to enhance 
adaptive feedback control.

● Using existing knowledge and rules to better generalize to other problems.



Thank You
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