
The Propositional Calculus via 
Logical Journey of the Zoombinis

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
9/12/2024

Selmer Bringsjord



Logic-and-AI in the news 
…





The Propositional 
Calculus …









Zoombinis! …



Palette for Prop-Calc Binary Vectors



A Prop-Calc Binary Vector, Built



The Formal Language of the 
Propositional Calculus



The Formal Language
(presented as formal grammar)

Formula ) AtomicFormula

| (Formula Connective Formula)
| ¬ Formula

AtomicFormula ) P1 | P2 | P3 | . . .

Connective ) ^ | _ | ! | $ | ¬
<latexit sha1_base64="Z2tHrX5cLQAbe8pyb1VJiKyuVcU="></latexit>



As S-expressions
Formula ) AtomicFormula

| (Formula Connective Formula)
| ¬ Formula

AtomicFormula ) P1 | P2 | P3 | . . .

Connective ) ^ | _ | ! | $ | ¬
<latexit sha1_base64="Z2tHrX5cLQAbe8pyb1VJiKyuVcU="></latexit>



As S-expressions
Formula ) AtomicFormula

| (Formula Connective Formula)
| ¬ Formula

AtomicFormula ) P1 | P2 | P3 | . . .

Connective ) ^ | _ | ! | $ | ¬
<latexit sha1_base64="Z2tHrX5cLQAbe8pyb1VJiKyuVcU="></latexit>



As S-expressions
Formula ) AtomicFormula

| (Formula Connective Formula)
| ¬ Formula

AtomicFormula ) P1 | P2 | P3 | . . .

Connective ) ^ | _ | ! | $ | ¬
<latexit sha1_base64="Z2tHrX5cLQAbe8pyb1VJiKyuVcU="></latexit>

p



As S-expressions
Formula ) AtomicFormula

| (Formula Connective Formula)
| ¬ Formula

AtomicFormula ) P1 | P2 | P3 | . . .

Connective ) ^ | _ | ! | $ | ¬
<latexit sha1_base64="Z2tHrX5cLQAbe8pyb1VJiKyuVcU="></latexit>

Pp



As S-expressions
Formula ) AtomicFormula

| (Formula Connective Formula)
| ¬ Formula

AtomicFormula ) P1 | P2 | P3 | . . .

Connective ) ^ | _ | ! | $ | ¬
<latexit sha1_base64="Z2tHrX5cLQAbe8pyb1VJiKyuVcU="></latexit>

Pp bradywillbeback



As S-expressions
Formula ) AtomicFormula

| (Formula Connective Formula)
| ¬ Formula

AtomicFormula ) P1 | P2 | P3 | . . .

Connective ) ^ | _ | ! | $ | ¬
<latexit sha1_base64="Z2tHrX5cLQAbe8pyb1VJiKyuVcU="></latexit>

Pp bradywillbeback P26



As S-expressions
Formula ) AtomicFormula

| (Formula Connective Formula)
| ¬ Formula

AtomicFormula ) P1 | P2 | P3 | . . .

Connective ) ^ | _ | ! | $ | ¬
<latexit sha1_base64="Z2tHrX5cLQAbe8pyb1VJiKyuVcU="></latexit>

Pp bradywillbeback …P26



As S-expressions
Formula ) AtomicFormula

| (Formula Connective Formula)
| ¬ Formula

AtomicFormula ) P1 | P2 | P3 | . . .

Connective ) ^ | _ | ! | $ | ¬
<latexit sha1_base64="Z2tHrX5cLQAbe8pyb1VJiKyuVcU="></latexit>

Pp bradywillbeback …P26



As S-expressions
Formula ) AtomicFormula

| (Formula Connective Formula)
| ¬ Formula

AtomicFormula ) P1 | P2 | P3 | . . .

Connective ) ^ | _ | ! | $ | ¬
<latexit sha1_base64="Z2tHrX5cLQAbe8pyb1VJiKyuVcU="></latexit>

Pp bradywillbeback …

(not p)

P26



As S-expressions
Formula ) AtomicFormula

| (Formula Connective Formula)
| ¬ Formula

AtomicFormula ) P1 | P2 | P3 | . . .

Connective ) ^ | _ | ! | $ | ¬
<latexit sha1_base64="Z2tHrX5cLQAbe8pyb1VJiKyuVcU="></latexit>

Pp bradywillbeback …

(not p) (not P)

P26



As S-expressions
Formula ) AtomicFormula

| (Formula Connective Formula)
| ¬ Formula

AtomicFormula ) P1 | P2 | P3 | . . .

Connective ) ^ | _ | ! | $ | ¬
<latexit sha1_base64="Z2tHrX5cLQAbe8pyb1VJiKyuVcU="></latexit>

Pp bradywillbeback …

(not p) (not P)

P26

(not P26)



As S-expressions
Formula ) AtomicFormula

| (Formula Connective Formula)
| ¬ Formula

AtomicFormula ) P1 | P2 | P3 | . . .

Connective ) ^ | _ | ! | $ | ¬
<latexit sha1_base64="Z2tHrX5cLQAbe8pyb1VJiKyuVcU="></latexit>

Pp bradywillbeback …

(not p) (not P)

P26

(not P26) …



As S-expressions
Formula ) AtomicFormula

| (Formula Connective Formula)
| ¬ Formula

AtomicFormula ) P1 | P2 | P3 | . . .

Connective ) ^ | _ | ! | $ | ¬
<latexit sha1_base64="Z2tHrX5cLQAbe8pyb1VJiKyuVcU="></latexit>

Pp bradywillbeback …

(not p) (not P)

P26

(not P26) …



As S-expressions
Formula ) AtomicFormula

| (Formula Connective Formula)
| ¬ Formula

AtomicFormula ) P1 | P2 | P3 | . . .

Connective ) ^ | _ | ! | $ | ¬
<latexit sha1_base64="Z2tHrX5cLQAbe8pyb1VJiKyuVcU="></latexit>

Pp bradywillbeback …

(not p) (not P)

P26

(not P26) …

(and P Q)



As S-expressions
Formula ) AtomicFormula

| (Formula Connective Formula)
| ¬ Formula

AtomicFormula ) P1 | P2 | P3 | . . .

Connective ) ^ | _ | ! | $ | ¬
<latexit sha1_base64="Z2tHrX5cLQAbe8pyb1VJiKyuVcU="></latexit>

Pp bradywillbeback …

(not p) (not P)

P26

(not P26) …

(and P Q) (or P Q)



As S-expressions
Formula ) AtomicFormula

| (Formula Connective Formula)
| ¬ Formula

AtomicFormula ) P1 | P2 | P3 | . . .

Connective ) ^ | _ | ! | $ | ¬
<latexit sha1_base64="Z2tHrX5cLQAbe8pyb1VJiKyuVcU="></latexit>

Pp bradywillbeback …

(not p) (not P)

P26

(not P26) …

(and P Q) (or P Q) (if P Q)



As S-expressions
Formula ) AtomicFormula

| (Formula Connective Formula)
| ¬ Formula

AtomicFormula ) P1 | P2 | P3 | . . .

Connective ) ^ | _ | ! | $ | ¬
<latexit sha1_base64="Z2tHrX5cLQAbe8pyb1VJiKyuVcU="></latexit>

Pp bradywillbeback …

(not p) (not P)

P26

(not P26) …

(and P Q) (or P Q) (if P Q) (iff P Q)



More Expressive Formal Language:
Pure Predicate Calculus …



ℒ0



Better Formal Language:  Pure Predicate Calculus
(presented via formal grammar)

Formula ) AtomicFormula
| (Formula Connective Formula)
| ¬ Formula

AtomicFormula ) (Predicate Term1 . . .Termk)

Term ) (Function Term1 . . . Termk)
| Constant
| Variable

Connective ) ^ | _ | ! | $ | ¬

Predicate ) P1 | P2 | P3 . . .
Constant ) c1 | c2 | c3 . . .
Variable ) v1 | v2 | v3 . . .
Function ) f1 | f2 | f3 . . .

<latexit sha1_base64="OuIUjMgVxuVRTgNlbRADc39sxjM="></latexit>



The PC (Provability) Oracle



The PC (Provability) Oracle



The PC (Provability) Oracle



The PC (Provability) Oracle



The PC (Provability) Oracle



The PC (Provability) Oracle



The Infamous “NYS 3”
Given the statements
¬¬c
c → a
¬a ∨ b
b → d
¬(d ∨ e)

which one of the following statements are provable?

¬c
e
h
¬a
all of the above



The Infamous “NYS 3”
Given the statements
¬¬c
c → a
¬a ∨ b
b → d
¬(d ∨ e)

which one of the following statements are provable?

¬c
e
h
¬a
all of the above



The Infamous “NYS 3”
Given the statements
¬¬c
c → a
¬a ∨ b
b → d
¬(d ∨ e)

which one of the following statements are provable?

¬c
e
h
¬a
all of the above

Show in HyperSlate® that each of 
the first four options can be proved 
using the PC provability oracle.



The Infamous “NYS 3”
Given the statements
¬¬c
c → a
¬a ∨ b
b → d
¬(d ∨ e)

which one of the following statements are provable?

¬c
e
h
¬a
all of the above

Show in HyperSlate® that each of 
the first four options can be proved 
using the PC provability oracle.



Logistics for Registration 
etc …



The Starting Code to Purchase in Bookstore



The Starting Code to Purchase in Bookstore

Once seal broken 
on envelope, no 
return.  Remember 
from first class, any 
reservations, opt 
out of ILBAI!



The Starting Code to Purchase in Bookstore

Once seal broken 
on envelope, no 
return.  Remember 
from first class, any 
reservations, opt 
out of ILBAI!

The email address you enter is case-sensitive!



The Starting Code to Purchase in Bookstore

Once seal broken 
on envelope, no 
return.  Remember 
from first class, any 
reservations, opt 
out of ILBAI!

The email address you enter is case-sensitive!
Your OS and browser must be fully up-to-date; Chrome 
is the best choice, browser-wise (though I use Safari :) ).



The Starting Code to Purchase in Bookstore

Once seal broken 
on envelope, no 
return.  Remember 
from first class, any 
reservations, opt 
out of ILBAI!

The email address you enter is case-sensitive!
Your OS and browser must be fully up-to-date; Chrome 
is the best choice, browser-wise (though I use Safari :) ).
Watch that the link emailed to you doesn’t end up being classified as spam.



Now for live tutorial 
etc on this …





Kunstig intelligens bør være logisk!


