
First-Order Logic = FOL = ,
Part 2

ℒ1

Rensselaer AI & Reasoning (RAIR) Lab
Department of Cognitive Science
Department of Computer Science

Lally School of Management & Technology
Rensselaer Polytechnic Institute (RPI)

Troy, New York 12180 USA

Intro to Logic-based AI
10/3/2024

Selmer Bringsjord



Logic-&-AI In The News



Logic-&-AI In The News

You’re right!  We’ll get to the 
engineering into AI’s ethical/legal 
control later in the course.
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L1 = first-order logic
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L0 = zeroth-order logic
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LPropCalc = propositional calculus
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<latexit sha1_base64="jH7bxOPxNLvK9MqLWOo6fnj1hGk=">AAACEnicbVDLSsNAFJ3UV62vaJduBovgqiQi6LJYBZcV7AOaWG6mk3bo5MHMRCghf+Herf6CO3HrD/gHfoaTNgvbemDgcM69cw/HizmTyrK+jdLa+sbmVnm7srO7t39gHh51ZJQIQtsk4pHoeSApZyFtK6Y47cWCQuBx2vUmzdzvPlEhWRQ+qGlM3QBGIfMZAaWlgVl1AlBjAjy9ad42s0cHpBqYNatuzYBXiV2QGirQGpg/zjAiSUBDRThI2betWLkpCMUIp1nFSSSNgUxgRPuahhBQ6aaz8Bk+1coQ+5HQL1R4pv7dSCGQchp4ejKPKpe9XPzP6yfKv3JTFsaJoiGZH/ITjlWE8ybwkAlKFJ9qAkQwnRWTMQggSve1cCX/W0hfZhVdjb1cxCrpnNdtq27fX9Qa10VJZXSMTtAZstElaqA71EJtRNAUvaBX9GY8G+/Gh/E5Hy0ZxU4VLcD4+gWz5p4L</latexit><latexit sha1_base64="jH7bxOPxNLvK9MqLWOo6fnj1hGk=">AAACEnicbVDLSsNAFJ3UV62vaJduBovgqiQi6LJYBZcV7AOaWG6mk3bo5MHMRCghf+Herf6CO3HrD/gHfoaTNgvbemDgcM69cw/HizmTyrK+jdLa+sbmVnm7srO7t39gHh51ZJQIQtsk4pHoeSApZyFtK6Y47cWCQuBx2vUmzdzvPlEhWRQ+qGlM3QBGIfMZAaWlgVl1AlBjAjy9ad42s0cHpBqYNatuzYBXiV2QGirQGpg/zjAiSUBDRThI2betWLkpCMUIp1nFSSSNgUxgRPuahhBQ6aaz8Bk+1coQ+5HQL1R4pv7dSCGQchp4ejKPKpe9XPzP6yfKv3JTFsaJoiGZH/ITjlWE8ybwkAlKFJ9qAkQwnRWTMQggSve1cCX/W0hfZhVdjb1cxCrpnNdtq27fX9Qa10VJZXSMTtAZstElaqA71EJtRNAUvaBX9GY8G+/Gh/E5Hy0ZxU4VLcD4+gWz5p4L</latexit><latexit sha1_base64="jH7bxOPxNLvK9MqLWOo6fnj1hGk=">AAACEnicbVDLSsNAFJ3UV62vaJduBovgqiQi6LJYBZcV7AOaWG6mk3bo5MHMRCghf+Herf6CO3HrD/gHfoaTNgvbemDgcM69cw/HizmTyrK+jdLa+sbmVnm7srO7t39gHh51ZJQIQtsk4pHoeSApZyFtK6Y47cWCQuBx2vUmzdzvPlEhWRQ+qGlM3QBGIfMZAaWlgVl1AlBjAjy9ad42s0cHpBqYNatuzYBXiV2QGirQGpg/zjAiSUBDRThI2betWLkpCMUIp1nFSSSNgUxgRPuahhBQ6aaz8Bk+1coQ+5HQL1R4pv7dSCGQchp4ejKPKpe9XPzP6yfKv3JTFsaJoiGZH/ITjlWE8ybwkAlKFJ9qAkQwnRWTMQggSve1cCX/W0hfZhVdjb1cxCrpnNdtq27fX9Qa10VJZXSMTtAZstElaqA71EJtRNAUvaBX9GY8G+/Gh/E5Hy0ZxU4VLcD4+gWz5p4L</latexit><latexit sha1_base64="jH7bxOPxNLvK9MqLWOo6fnj1hGk=">AAACEnicbVDLSsNAFJ3UV62vaJduBovgqiQi6LJYBZcV7AOaWG6mk3bo5MHMRCghf+Herf6CO3HrD/gHfoaTNgvbemDgcM69cw/HizmTyrK+jdLa+sbmVnm7srO7t39gHh51ZJQIQtsk4pHoeSApZyFtK6Y47cWCQuBx2vUmzdzvPlEhWRQ+qGlM3QBGIfMZAaWlgVl1AlBjAjy9ad42s0cHpBqYNatuzYBXiV2QGirQGpg/zjAiSUBDRThI2betWLkpCMUIp1nFSSSNgUxgRPuahhBQ6aaz8Bk+1coQ+5HQL1R4pv7dSCGQchp4ejKPKpe9XPzP6yfKv3JTFsaJoiGZH/ITjlWE8ybwkAlKFJ9qAkQwnRWTMQggSve1cCX/W0hfZhVdjb1cxCrpnNdtq27fX9Qa10VJZXSMTtAZstElaqA71EJtRNAUvaBX9GY8G+/Gh/E5Hy0ZxU4VLcD4+gWz5p4L</latexit>
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Let’s dive in, discuss, 
win some trophies, and 

learn …

(First, two Required 
prop-calc problems; 
then DFT fun …)



Next New (Not-So-Easy!) 
Inference Rule in FOL



Next New (Not-So-Easy!) 
Inference Rule in FOL

•universal introduction



Next New (Not-So-Easy!) 
Inference Rule in FOL

•universal introduction

• If something a is an R, and the 
constant/name a is genuinely 
arbitrary, then we can deduce 
that everything is an R.
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The Inference Schema

(Why the provisos?)
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Let’s explore in 
HyperSlate®, by first 
constructing this 
example from scratch …

Theorem:  If everything that’s an R1 
is an R2, and all that’s an R2 is an R3, 
then everything that’s an R1 is an R3. 
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Let’s explore in 
HyperSlate®, by first 
constructing this 
example from scratch …

Theorem:  If everything that’s an R1 
is an R2, and all that’s an R2 is an R3, 
then everything that’s an R1 is an R3. 

Proof:  It follows from the hypothesis that 
for arbitrary a, both if R1(a) then R2(a), and 
if R2(a) then R3(a).  But we can chain these 
two conditionals (by hypothetical syllogism, 
as it’s known) to deduce if R1(a) then R3(a).  
Since a here is arbitrary, we know that, for 
anything at all, if it’s an R1 it’s also an R3.  ◼



universal intro Example/Tutorial

X

X

Let’s explore in 
HyperSlate®, by first 
constructing this 
example from scratch …

Theorem:  If everything that’s an R1 
is an R2, and all that’s an R2 is an R3, 
then everything that’s an R1 is an R3. 

Proof:  It follows from the hypothesis that 
for arbitrary a, both if R1(a) then R2(a), and 
if R2(a) then R3(a).  But we can chain these 
two conditionals (by hypothetical syllogism, 
as it’s known) to deduce if R1(a) then R3(a).  
Since a here is arbitrary, we know that, for 
anything at all, if it’s an R1 it’s also an R3.  ◼

What should the label of node 6 be?





Hvis du forstår det, kan 
du bevise det.


